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PREFACE

THE EDITOR.

INn 'presenting to the Public a new and enlarged cdi-
tion of Fergu‘son’:f Astronomy, the Editor has been
particularly solicitous to collect all the discoveries in
the science which have been made during the‘last
thirty years, and to present them in a simple and un-
assuming form suited to the popular nature of the
original work. These discoverics, which are contain-
ed in Twelve supplementary Chapters, relate chiefly
to the physical constitution of the Old and New
Planets of the Solar System, and to the various and
wonderful phenomena which are displayed in the re-
gion of the Fixed Stars.

In accomplishing this task, the Editor can claim no

other merit but that of having brought together a
a?
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number of curious facts, which had not hitherto been
collected, and many of which have never appeared in
any English work. In this new edition, various addi-
tions and improvements have heery made, and an addi-
tional Chapter has been added on Practical Astro-

nomy.

Ldinburgh, February 1, 1821.



CONTENTS

or THE

FIRST VOLUTME.

Cme. 1L Of Astronomy in general, . . . .
Curr. 1 A brief description of the dolar Sy -\tem, N
Cure. HI The Copernican System demonstrated to be true.
Cure. IV, The phufomena of the leavens, as seen from dif-
ferent parts of the Earth, . . . e e e
Cnar. V. The phenomena of' the Hc'ucns, as seen from dif-
ferent parts of the Solar System, . . . . . R
Cie VI The Ptolemean System refuted.  The motions and
phases of Mercury and Venus explained, . . . .
"Chae, VL The physical causes of the motions of the l’]'mcts—
The eceentricities of their orbits—The times in which the
action of gravity would bring them to the Sun—.Archime-
des's ideal problem for moving the Earth—The world not
eternal, . . . R
Cinwe. VI Of l.lght—lt\ propurtmnal quantities on the dlf-
ferent planets—Its refractions m water and air—The At-
mosphere; its weight and properties—The horizontal Moon,
Cuar. XL The method of finding the distances of' the Sun,
Moon. and Planets, . . ..
Cuar. X. The circles of the (-lubo des('nbed—'l ln- dnﬁurent
lengths of days and nights, and the vicissitudes of scasons
explained—The cxplanation of the phenomena of Saturn’s
ring concluded, . -+ . .« e e e s
Cnar. XL The method of ﬁndmg thc Longltudc by the eclip-
ses of Jupiter's satellites—"The amazing velocity of light
demonstrated by these eclipses, -
. . ad

Page.

64

-~
1

86

ge

. 102



o

Cuar. XII 'Of"Sohr and \ndero\ e e . 10y
Cuar. X1IK Of the Equation of l‘% B O T
Cuar. XIV. Of the Precession of the Equinoaes, . . . . 128
Cuar. XV. The Moon’s surface mount.inous—FHer phases de-

svribed—IHer path, and the paths of Jupifer's moons deli-

neated—The proportions of the diametgrs of their orbits,

and those of Saturn’s moons to each other, and to the dia-

meter of the dun, . . . 157
Cusr XVI. The phenomena of tho H.m ost \loon cxpl um-d

by a common globe—The years in which the Harvest Moons

are least and must beneficial, from 1751 to 1861. The long

duration of Moon-light at the polcs m winter. . . . . 170
Cuar. XVIL Of the Ebhing and Flowmg of the Saa, o 00 183
Crap. XVIIL Of Felipees; their number aud perinds—\

large catalogue of ancient and modern eclipses, . 10,
Cuar. XIX. Shewing the prinaples on which the inllm\mu

Astronomical Tables are constructed, and the method of

caleulating the tunes of new and full Moou, and echipses

by thew, . . . e e . 210
Cuapr. XX. Of the J° .(d Stare, . 501
Cuar. XXI. OF the Divivon of Tune—.A porpetu. 1l .I.nbh of

new Moons—The times of the birth and dcath of Chrit—

A table of remarkable eras or events, . . .o HE

Page.



iR
ASTRONOMY il

ENPLAINED UPON

SIR IS\AC NEWTON'S PRINCIPLES.

CHAP I
OF ASTRONOMY IN CLNERAL.

1 OFr all the scienees cultirvated by mankind, astro-

nomy is achnowledged to be, and undoubtedly is, use of Astro-
the most sublime, the most interesting, and the most "™
useful; for, by knowledge derived from this science, not on-
ly the bulk of the earth is discovered, the situation and ex-
tent of the countries and kingdonts upon it ascertained, trade
and commerce carried on to the remotest parts of the world, and
the various products of several countries distributed for the
health, cowfort, and comeniency of its inhabitants ; but our
very faculties are enlarged with the grandeur of the ideas it
conveys, our minds exalted above the low contracted prejudices
of the vulgar, and our understandings clearly convinced, and
affected with the conviction, of the existence, wisdom, power,
goodness, immutability, and superintendency of the Supreme
Being ! St that, without an hyperbole,

¢ An undevout astronomer is mad.” !

2. From this branch of knowledge we also learn by what
means or laws the Almighty carries on, and continucs, the won-

1 Dr. Young's Night Thoughts.

voL. 1. ° B



2 OF ASTRONQMY IN GENLCRAL. cn. 1.

derful h i» order, and connexion observable throughout
thesplancigy gystem ; and are led by very powerful arguments
to form this pleasing deduction, that minds capable of such deep
rescarches, not only derive their origin from that Adorable Be-
ing, but are als incited to aspire after a more perfeet hnow-
ledge of hi» nature, and a stricter conforpiity to his will.
TheEarthbut 9+ BY astronomy we discpver that the Earth is at
apantaveen 0 great a distance from the Sun, that if seen trom
from theSon 1 hence it would appear no bigaa than a point 5 al-
though its circumference is hnown to be 25,020 miles. vet that
distance is so small, compared with the Earth's distance fiom the
fixed stars, that it the orbit in which the Larth mosve v ronnd
the Sun were solid, aud deen from the naarast star. it would hhe-
wise appear no bigeer than a poit, although it w at feast 162
millions of miles m diameter: for the Larth 1 going ronnd
the Sun is 162 millions of miles nearcr to some of the sta
at onc time of the year than at another; and ot ther appa-
rent magnitudes, situations, and distances, from one anotho
still remain the rame: and a telescope which magmfics abov
200 times does not sensibly magnify® them  wlich proves
them to be at least 100,000 times farther fiom us than we are
from the Sun.

4. Tt is not to be imagined thatiall the stars are placed
one concave surface, sv as to be @qually distant from o~ bt
that they are placed at immense distances from one anothes
The stars are through unlmited space  ~o that there may be a
suns, great a distance between any two neighbounmg stars,
as between our Sun and those which are ueardst to hun, There
fore an observer, who is nearest any fixed star, will look upon
it alone as a real sun; and consider the rest as so many <hining
points, placed at equal distances from him in the firmament.

5. By the help of telescopes we discover thousands of star
which are invisible to the bare eye ; and the better our glasses
are, still the more become visible: so that we can set no limits
and innume- Cither to their number or their distances. «The cele-
rable. brated Huygens carried his thoughts so far, as to
believe it not impossible that there may be stars at such incon-
ceivable distances, that their light has not yet reached the carth
since its creation ; although the velocity of light be a million of
times greater than the velocity of a cannon bullet, as shall be
demonstrated afterwards, § 197, 216: and, as Mr. Addison
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very justly observes, this thought is far from being extrava.
gant, when we consider that the universe is the wark of infi-
nite power, prompted by infinite goodness ; having an infinite
space to exert itself in; so that our imaginations can set no
bounds to it.

(f. The Sun appeass very bright and large in com- Whythe Sun
parison of the fixed stars, because we keep con- appears big-
stantly near the Sun, in comparicon of our immense e than the
distance from the stars.  For, a spectator placed as
near to any star as we ar¢ to the Sun, would see that star a
body as large and bright as the Sun appears to us: and a spee-
tator, as far distant from the Sun as we are from the stars,
would «ce the Sun as small as we see a star, divested of all its
eircumvolving planets ; and would reckon it one of the stars in

' numln nng thom

7

"I'he star- being at such immense distances from . sears are
lhc Sun, cannot possibly receive from him so strong notenhghu-
a hght as they seem to have; nor any brightness ed by theSan.
cuffic 1nt to make them visible to us.  For the Sun’s rays must
be 80 seattered and dissipated before they reach such remote
objects, that they can never he transmitted back to our eyes,
<o as to render these objects visible by reflection.  ‘The stars
therefore shine with their own native and unborrowed lustre,
as the Sun does ; and since cach particular star, as well as the
sun, 1 confined to a particular portion of space, it is plain that
the stars are of the sume nature with the Sun.

8. It 1s nowise probable that the Almighty, who always acts
with infinite wisdom, and does nothing in vain, should create so
many glorious suns, fit for so many important purposes, and

lace them at such distances from one another, without proper ob-
{ds near cnough to be benefited by their influences. Theyase pro-
Whoever imagines they were created only to give a pably sur
fuint glmmering light to the inhabitants of this globe, rounded by
must have a very superﬁcml knowledge of astrono-
my, and a mean opuuon of the Divine wisdom: since, by an.
infinitely less exertion of creating power, the Deity would have
given our earth much more light by one single additional moon.

9. Instead then of one Sun and one world only in the uni-
verse, as the unskilful in" astronomy imagine, that science dis-
covers to us such an inconceivable number of*suns, systems,
and worlds, dispersed through boundless space, that if our Sun,
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with all the planets, moons, and comets, belonging to it, were
annihilated, they would be no more missed, by an eye that
could take in the whole creation, than a grain of sand from
the sea-shore ; the space they possess being comparatively so
small, that it would scarce be a sensible blunk in the universe,
although Saturn, the outermost of our plauets, revolves about
the Sun in an orbit of 4,884 millions of miles in circumiirence,
and soinc of our comets make excursions upwards of ten thou-
sand millions of miles beyond Saturn’s orbit ; and yet, at that
amazing distance, they are mcomparably nearer to the sun than
to mmy of the stars ; as is evident from their keeping clear of the
attractive power of alt the stars, and returning periodically by
virtue of the Sun’s attraction.
The stellar  10- From what we know of our own system. it
planets may may be rcasonably concluded that all the rest are
be babitable, \ith equal wisdom contrived, situated, and provided,
with aceommodations far rational inhabitants. Let us therefore
take a sul:vey of the system to which we belong; the only one
accesaible to us; and from thence we shall be the better en-
sbled to Jjudge of the nature and end of the other systems off
the universe. For although there is almost an Tafimite waricty
in the parts of the creation, which we have opportunitics of exa-
mining, yet thereis a gencral analogy running through and con-
necting all the parts into one scheme, one de<ign, one whole !
11. And then, to an attentive observer, it will appear highly
probable, that the planets of our system, together with their at-
% our solsr tendants called satellites or moons, are much of the
planets are.  ggme nature with our Earth, and destined for the
like purposes ; for they are solid opague globes, capable of sup-
porting animals and vegetables, Some of them arc bigger,
some less, and some much about the size of our earth. They
all circulate round the Sun, as the Earth docs, in a shorter or
longer time, according to their respective distances from him ;
and have, where it would not be inconvenient, regular returns
of sammer and wintey, spring and autumn. They havé warm-
er and.colder climates, as the various productions of our earth
require: and, in such asnﬂ‘ordaponibilityof discovering it,
we qbserve a regular motion round their axes like that of our
s causing an alternate return of day and night ; which is
for laNour, rest, and vegetation, and that all parts of’
their surfaces may be exposed to the rays of the Sun,
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12. Such of the planets as are farthest from the o,

Sun, and therefore enjoy leagt of his light, have that from the Sun
. deficiency made up by several moons, which con- ::::m"'ru

atanth accompany and revolve about them, as our lighten their
moon revolves ahout the carth. The remotest pla- nights

net has, over and aBove, a broad ring encompassing it; which
like a lucid zone in th® heavens reflects the sun’s light very co-
piously on that planct : so that if the remoter planets have the
Sun's light fainter by dn) than we, they have an addition made
to it morning and evening b) one or more of their mpons,"and
a grml(r quantity of light in the night-timé.

3. On the surfuce of the Moon, because it is near- Our Moan
cr 10 us than any other of the celestial bodies are, we mountainous
discover a nearer resemblance of our Earth; for, by liketheEarth.
the assistance of te]eqcopcs, we observe the moon to be full of
high mountains, large valleys, and deep cavities. Thcse simila-
rities I¢ave us no room to doubt, but that all the planets and
moons_in the system are designed as commodious habitations
for creatures endowed with capacmcs of knowing and adormg
their heneficent creator.,

14. Since the fixed stars are prodigious spheres of fire, like
our Sun, and at inconceivable distances from one another,
well as from us, it is reasonable to conclude they are made for
the same purposes that the Sun is; each to bestow light, heat,
and vegetation, on a certain number of inhabited planets, kept
hy gravitation within the sphere of its wct'wil:y

15. What an august, what an amanng CONCEP- Nrumberless
tion, if human imagination can conceive it, does sunsand
this give of the works of the Creator ! Thousands “*1*
of thousands of suns, multiplied without end, and ranged all
!round us, at immense distances from each other, attended by ten
thousand time§ ten thousand worlds, all in rapid motion, yet calm,
rpgular, and harmonious, invariably keeping the paths prescribed
them ; and these worlds peopled with myriads of intelligent be-
ings, formed for endless progression in perfection and felicity !

16. If so much power, wisdom, goodness, and magnificénce
is displayed in the material creation, which is the least consider-
able part of the universe, how great, how wise, how good must
Hzx be, who made and governs the whole!



CHAP. 1I.
A BRIEF DESCRIPTION OF THE SULAR SYSTEM,

L]
Purel 17 Tux Sun, with the planets and comets which
Fig. 1. move round him as their centre. constitute the solar
The Solar  gystem. Those planets which are near the Sun not
"Mt only finish their circuits sooner, but likewise move
faster in their respeggive orbits, than those which are more re-
mote from him. Their motions are alP performed from west to
east, in orbits nearly circular. Their names, distances, bulks,
and periodical revolutiops, are as follow :
The Sun. 18. The Sun ©, animmense globe of fire, is placed *
near the common centre, or rather in the lower focus,!
of the orbits of all the planets and comets;? and turns ronnd his
axis in 25 days 6 hours, as is evident by the motion of spots
seen on his surface. His diameter is computed to be 763,000
miles; and, by the various gttractions of the circumvolving
planets, he is agitated by a small motion round the centre of
gravity of the system. All the planets, as seen from him, move
the same way, and according to the order of signs in the gra-
duated circle 9 ¥ I g, &c. which represents the great eclip-
tic in the heavens : but, as seen from any one planct, the rest
appear sometimes to go backward, sometimes forward, and some-
times to stand still ; not In circles nor ellipses, but® in looped

1 If s thread be tied loosely round two pins etuck in & table, and moderately
stretched by the point of a black-lead pencil carried round by an even motion and
light pressure of the hand, an oval or ellipais will be described ; the two points where
the pins are fixed being called the foci or focuses thereof. The orbits of all th’
planets are elliptical, and the Sun is placed in or near to one of, the foci of each of
them ; and that in which he is placed is called the lower focus.

2 Astronomers are not far from the truth, when they reckon th_eSun'ummp
be in the Jower focas of all the planetary orbits. Theugh, strictly speaking, if we
consider the focus of Mercury’s orbit to be in, the Sun’s centre, the focus of Venus's
orbit will be in the common centre of gravity of the Sun and Mercury ; the focus of
the Earth’s orbit inthe common centre of gravity of the Sun, Mercury, and Venus ;
the focus of the orbit of Mars jn the common centre of gravity of the Suit, Mercury,
Venus, and the Earth ; and 80 of the rest. 'Yet, the focuses of the ebits of all the
planets, except Saturn, will not be sensibly removed from the centre of the Sun ; nor
will the focus of Saturn's orbit recede sensibly from the common centre of gravity of
he San and Jupiter.

# As represented in plate I11, fig. 1, and described § 138. .
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curves, which never return into themselves. The comets come
from all parts of the heavens, and move in all sorts of directions.
\, 19. Having mentioned the Sun's turning round his axis, and
as there will be frequent oceasion to speak of the like motion
of the Eurth and other plancts, it is proper here to inform the
young tyro in astrommy, that ncither the Sun nor planets have
material wes to turn wpon, and support them, asin the little
imperfiet machines contrived to represent them s for gy, oo o
the axis of a planet is a line conceived to he drawn the planets,
through its centre, about which it revolves as if on a *i**
real axis.  The extremities of this line, terminating in gpposite
points of the planet’s surface, are called its poles.  That which
points towards the northern part of the heavens, is called the
Jortn pole: and the other, pointing towaids the southern part,
is called the south pdle. A bowl] whirled from one’s hand into
the open air, turns round such a live within itself, whilst it
wmoves forward ; and such are the lines we mean, when we speak
of the axes of the heavenly bodies.

20. Let uy supposg the Farth's orbit to bea thin, Their orbus
even, ~olid plane, cutting the Sun through the cen- z}‘:"ﬁ’ﬁ
tre, and extended out as far as the starry heavens, wi:lnherdip-
where it will mark the great circle called the eclip- S *
tic. This circle we suppose to he divided into 12 equal parts, .
called sfens; cach sign into 80 cqual parts, called degrees;
each degree into 60 equal parts, called minutes ; and every mi-
mite into 60 equal parts, called scconds: so that a second is
the 60th part of a minute ; a minute the 60th partof a degree
and a degree the 360th part of a circle, or 30th part of a sign.
"The planes of the orbits of all the other planets likewise cut the
sun in halves ; but, extended to the heavens, form circles dif-
)’crcnt from one another, and from the ccliptic; one-half of
cach being on the north side, and the other on the south side
of it. Consequently the orbit of each planct crosses Their nodes,
the ccliptic in two opposite points, which are called
the planet’s nodes. ‘I'hese nodes are all in different parts of the
celiptic ; and therefore, if the planctary tracks remained visible
in the heavens, they would in some measure resemble the dif-
ferent ruts of waggon-wheels, crossing gne another in different
parts, but never going far asunder. That node, or intersection
of the orbit of any planet with the Earth’s orbit, from which the
planet ascends northward above the ecliptic, is called the ascend-
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ing node of the planet: and the other, which s dircctly oppe
where i Site thereto, is called its descending node.  Saturn
tuated. ascending node is in the 21° 13’ of Cancer o
Jupiter’s in 7° 20" of the same sign, Mars's in 17 17 «
Taurus ¥, Venus'sin 13° 59 of Gemini 11, and Mercury’s i
14° 43 of Taurus.* Here we consider the Earth's orhit as th
standard, and the orbits of all the other plancts as oblique to i
The planet’  21. When we speak of the planets® orbits, all th:
orbits, what. js meant is their paths through the open and unre
sisting space in which they move, aud are kept in, by the
tractive power of the Suu, and the projectile foree impresse:
upon them at first ; between which power and force there 1s s
exact an adjustment, that they continue in the same tracks with
out any solid orbits to contine them.

Mercury. 22. MErcery, the nearest planet to the Sun, goe
Fig. 1. round him (as in the circle marhed §) in 87 day
23 hours of our time nearly ; which is the length of his yem
But being seldom seen, and no spots appearmg on his suifac
or disc, the time of his rotation on his axis, or the length of In
days amd nights, is as yet unhnown. Il distance from the Suj
is computed to be 32 millions of milex, and his diumeter 2,60
I® his course round the Sun, he moves at the 1ate of 93,001
miles every hour. His light and beat from the Sun ar
almost seven times as great as ours; aid the Sun appears to hin
May bein. almost seven times as large usto us. The great hea
habited. on this planet is no argument against its being inhd
bited ; since the Almighty could as easily suit the bodies anc
constitutions of its inhabitants to the heat of their dwelling, a
he-has donc ours to the temperagure of our Earth. Anditi
very probable that the people there have such an opinion of us
as we have of the inhabitants of Jupiter and Saturn; namely
that we must be intolerably cold, and have very little light a
5o great a distance from the Sun,

4 On the 15t of January 1820, the ascending node of the Georgium Stlus, on

of the planets lately discovered, was in the 12° 57’ of Gemini, and advances 1

seconds in 2 year. Saturn's in 22° 56’ of Cancer, and advances 32 seconds in .

year. Jupiter’s in 82 36’ of Cancer, and advances 36 seoonds cvery yesn Man’

*in 189 11 of Taurus, and advanees 28 seconds in a year. Venus's in the 15° 4
‘m and advances 36 seconds in & year. Mercury's in 16° 11’ of Taurus

and advances 43 scconds every year. It is o curious circumstance that the node

of should all be in the 2d, 30, and 4th sighs of the zodiac, and that twi

be in sach of thess sigus«—=/id. \
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23. '1‘!|in planct appears to us with a!l the various I.hs ke
phases of the Moon, when viewed at different times phases with
by a guod telescope : save only that he never appears e Moon-
\uite full, becuuse his cnlightened side is never turned directly
toward us, but when he is so near the Sun as to.be lost to our
sight in its heams. «And, as his enlightcned side is always to-
wards the Sun, it is plain that he shines not by any light of his
own ; for it he chd, he would constantly appear round. That
he moves about the Sun in an orbit within the Earth’s orbit, is
also plain (as will be more largely shewn by and by, § 141, ¢
scq.)s beeruse hie is never seen opposite to the Sun, nor above
56 times the Sun’s breadth {from his centre.

2+ His orhit is inclined scven degrees o the Tis orbit
echptic 3 and that node, § 20, from which he a- and nodes.

*scends northward abtove the echiptic, is in the 16th degree of
Taurus; the opposite in the 16th degree of Scorpio. The
Earth is in these points on the 6th of November and 4th of
May, new style; and when Mercury comes to cither of his
nodes at his inferior® conjunction about these times, he will ap-
pear to pass over the dise or face of the Sun, like a dark round
spot.  But in all other parts of his orbit his conjunctions are
invistble, beeause he cither goes above or below the Sun.
© 25 M.r. “'hlslﬂl.l has given us an account of se- When he
veral periods at which Mcreury may be secn on the will be seen
Sun's dine, viz. in the year 1782, November 12, at “e'gl':ll:"“
3" 44" m the afternoon ; 1786, May 4, at G 57" )
in the forenoon ; 1789, December 6, at " 55™ in the after-
noon ; and 1799, May 7, at 2" 34™ in the afternoon.®

96. VExus, the next planet in order, is computed
1o be 59 millions of miles from the Sun; and by

)noving at the rate of 69,000 miles every hour in her or-
bit (as in the circle marked ¢), she goes round the P,
Sun in 224 days 17 hours of our time, nearly; in Fig. 1.
which, though it be the full length of her ycar, she has only
91 day¥, according to Bianchini’s obscrvations;? .so that, to

5 When he is between the Farth and the Sun in the nearer part of his orbit.

8 The neat visible trdhsits of Mercury will be in 1832, May 5, middle of the
tranait, 12" 27" noon ; 1845, May 8, 7® 42™ in the afternoon 1848, November
9, 1t 59™ in the afternoon ; 1861, November 12, 7" 30™ morning ; 1868, No-
vember 5, 7 28= in the morning § 1878, May 7, G" 5™ in the afternoon ; 1854,

November 10, 6® 46™ in the eveningw—Ed. .
7 According to the elder Casoini, Venus revolves upon her axis in the space of

Venus.
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her, every day and night together is as long as 24} days and
nights with us. This odd quarter of a day in every year inakes
every fourth year a leap-year to Venus ; as the like does to our
Earth. Her diameter is 7,906 miles; and by her diurnal mo-
tion the inhabitants about her equator are carried 48 nules
every hour, besides the 69,000 ahove mentioned.

Her orbit 27. Her orbit includes that-of’ Mercury withmt ;

:“:mf“ for, at her greatest elongation, or apparent distance
and Mer.  * from the Sun, she is 96 times his breadth from his

cuny- centre, which is almost double of Mereurys. 1
orbit is included by the Earth's ; for if it were not, she miglh
be seen as often in opposition to the Sun, as she is in conjune-
tion with him ; but she was never seen 90 degrees, or a fonth
part of a circle, from the Sun.
She is our 28. “'hcn. \'c.nu.s appears west of the Sun, she
morning and rises before him in the morning, and 15 called the
m Mar nu.)min.g star: wh_cn she appears east of the S, she
shines in the evening after he sets, andis then called
the evening star : being each in its turn for 290 days. It may

23" 20°. This result was deduced from anservations made in 1667 on a brght
spot in Venus'’s disc, which advanced 20 in the course of 24" 347, Cassimi, rea-
soning no doubt from the diurnal revolution of the other plancts, concuded that the
spot had, during the interval of 24* 34™ performed a complete revolution, and 200
of another, and that the rotation of the planct was complete m 23" 200 (Casuns,
Elimens d’Astronomie, p. 525), while the natwial conclusion should have been, that
the spot had only performed part of a revolution. Signior Bianchin made similar
obscrvations in 1726, &c.; but as the spot which he abserved did not muke any
progrem in the space of three hours, lic justly concluded that the spot which Casvaing
observed had performod only a part of a revolution, and that Venus completed
her diurnal period in 24 days & hours. Nee I/esperi et Phosphori nora phenomena,
PP- 25, 61, G3. 'The revolution assigned by Cassin: is more analugous to that of the
other planets, in nono of which does the length of the day exceed 24 hours. But
Rianchini’s observations were more numerous, and were made at different times.
The spots of Venus were shewn to several persons, who agrecd as to their appear-
ance, and these spots actually made no progress in the space of 3" ; whereas, upon
Cassini’s hypothesis, they ought to have advanced 45°. Notwithstanding these ar-
guments, however, which might probably have weighed with our author, it would ap-
\ peat, from the observations of Schroeter, that the diurnal period assigned by Cassini is
dearly truc.  Schroeter observed the diffixent shapes of the two hornsof Venus. e
found that the one horn was pointed, while the other was blunt. The southern horn,
which was at first more blunt than the northern, in two hourdlost its shadew, became
maoee pointed than the northern, and its blunted shape appeared every day about half
Woar sooner, thatis, after an interval of 23} hours. This alternate bluntness
W sharpness in the horns of Venus is supposed by Schroeter to arise from the sha-
‘dow of 8 high mountain.  From numerous observations, he found that Veauns'’s diuz-
nal revolution was performed in 234 20 59.4'w-Ed. * )
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perhaps be surprising at first, that Venus should kecp‘longer
on the east or west of the Sun, than the whole time of her pe-
\:od round him. But the difficulty vanishes when we con-
ider that the Earth is all the while going round the Sun the
same way, though not so quick as Venus: and therefore her
relative motion to th¢ Earth must in every period be as much
slower than her absolute motion in her orbit, as the Earth dur.
ing that time advances forward in the ecliptic, which is 220
degrees. To us she appears through a telescope in all the va-
rious shapes of the Moon.#

20. The axis of Venus is inclined 75 degrees to the axis of
her orbit, which is 51} degrces more than our Earth’s axis is
inclined to the axis of the ecliptic: and therefore her seasons

Jvary much more than ours do.  The north pole of her axis in-
clines towards the 20th degree of Aquarius, our Earth’s to the
beginning of' Cancer ; conscquently the northern parts of Ve-
nus hawe summer in the signs where those of our Earth have
winter, and vice versd.

30. The? artificial day at cach pole of Venus is Remarkable
as long as 112} patural days on our Earth.! appearances,

31. The qun s greatest declination on each side of |,

Plu
her equator amounts to 75 degrecs ; therefore her® and poiar
tropics arc only 15 degrees from her poles ; and her® “'t:‘:u“"
polar circles as far from her equator.  Consequent-
ly the tropics of Venus arc between her polar circles anfl her
pules, contrary to what those of our Earth are.

s The line which divides the enlightened from the obscure part of Venus’s duc
is ragged and uneven, like that of the Moon. No bright spots have been observed
on her surface since the time of Bianchini. Dr. Ilerschel has found her always en-

veloped in something resembling a white cloud, and never saw any vatiety in her
ppearance.  Schroeter discovered a twilight in Venus, and supposes the denser part
of her atmosphere to be 16,020 fect, or three miles nearly in height. He found,
that-the highcst mountains of Venus as well as the moon, are in the southern hemi-
sphere ; that their perpendicular lmglmm as the diameter of their planets; and
dutmdmenmmndV-mh-hntbigemphﬂnﬂummMy
six times Righer than any in the moon.—E&d.

9 The time between the Sun’s rising and sctting.

! One entire revolution, or 24 hours.

Thac\rel-mardel,pnneltoduqunm,mdummydwfrmn,w-
wards the poles, as the axis of the planet is inclined to the axis of its orbit. When
theSnnuulvnneedlohrwrdlornuthofdwequulor,utobedmcﬂymdﬁﬂ
tropic, he goes no farther, but returns towards the other.

3 These are lesser circles round the poles, and as far from thém as the tropics are

from the equajor. ‘The poles are the very north and south points of the Janet.
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"The Sun's 32. As her annual revolution contiins only 9} of
duly couns by days, the Sun will always appear to go through
a whole sign, or twelfth part of her orbit, in a little more than
three quarters of her natural day, or nearly in 187 of our days
and nights,
and great de- 3. Because her day is so gréata part of her year,
cination.  (Le Sun changes his declination in one day so much,
that if he passcs vertically, or directly over head of any given
place on the tropic, the next day he will be 26 from it :* and
whatever place he passes ‘crtu-'lll\ over when in the equator,
one day’s fevolution will remove him 86! from ¢ So that
the Sun changes his declination every (’.n in Venue about 14
more at a mean rate. than he dovs in a quarter ol a year on our
Earth. 'This appears to be providentially ordered, for prevent-
ing the too great effects of the Sun's heat (which is twice as
great on Venus as on the Farth), so that he cannot shine per-
pendicularly on the same places for two davs together ;*and on
that account the heated places have time to cool
To . 34. If the inhabitant< about the north pole of Ve-
the points .,f nus fix their south or meridian line through that
:‘:‘Mﬁ!;“ part of the heavens where the Sun comes 10 his
greatest height, or north declination, and call those
the cast and west points of their horizon which are 90 on each
side from that point where the horizon is cut by the meridian
line, these inhabitants will have the following remarhable ap.
pearances. )

The Sun will rise 221° north of the cast, and going on
132!, as measured on the plaue of the®* horizon,” he will cross
the mcridian at an altitude of 12} ; then making an entire

revolution without setting, he will cross it again at an altitude
of 481°; at the next rovolutmn he will cross lho meridian as
he comes to his greatest height and declmanon, at the altitude
Surprising  ©f 19 3 being then only 15° from the zenith, or that
Sppeasances point of the heavens whlch is directly over head :
atBer poles. nd thence he will descend in the like spiral man-
ner; crossing the eridian first at the altitude of 48}°; next
at the altitude of 12}°; and going on then 112}°, he will set
32}° north of the west ; so that after having boen 4§ revolu-
.P* A degree in the 300th part of any circle. See § 21.

.+ 5 The limit of any inhabitant®y view, wheze the sky sccms to touch the planet all
yound huy .

v
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tions above the horizon, he descends below it to exhibit the
like appearances at the south pole. -

\ 85. At each pole, the Sun continues half a year without set-
ing in summer, and as long without rising in winter ; conse-
quently the polar inhabitants 6f Venus have only one day and
one night in the yeaw; as it is at the poles of our Earth. But
the difference between ghe heat of summer and cold of winter,
or of mid-day and ‘mid-night, on Venus, is much greater than
on the Earth: because on Venus, as the Sun is for half a year
together above the horizon of each pole in its turn, so he is for
a considerable part of that time near the zenith ; and during
the other half of the year always below the horizon, and for a
great part of that time at least 70° from it.  Whereas, at the
poles of our Earth, although the Sun is for half a year together
‘above the horizon; yet he never ascends ahove, nor descends
belereat, more than 233 When the Sun is in the equinoc-
tial, ordn that circle which divides the northern half of the
heavens trom the southern, he is seen with one half of his disc
above the horizon of the north pole, and the. other half above
the horizon of the south pole ; <o that his centre is in the hori-
zon of both poles : and then descending below the horizon of
one, he aseends gradually above that of the other.  Hence, m
a year, each pole has one spring, one harvest, a summer as
long as them both, and a winter equal in length to the other
threc scasons,

86. At the polar circles of Venus, the seasons are At her polar
much the same as at the equator, becausc there are ccles-
onlv 15" between them (§ 1) ; only the winters are not quite
~0 long, nor the summers so short: but the four seasons come
twice round every year.

87. At Venus's tropics, the Sun continues for At her tro-
about fifteen of our weeks together without setting Pic
in summer, and as long without rising in winter. Whilst he is
more than 15 degrees from the equator, he neither rises to the
inhabitarfts of the one tropic, nor sets to those of the other:
whereas, at our terrestrial tropics, he rises and sets every day
of the year.

38. At Venus's tropics, the seasons arc much the same as at
her poles ; only the summers are a little longer, and the win-
ters a little shorter,
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Atherequs-  39. At her equator, the days and nights are al-
wr. ways of ‘the same length ; and yet the diurnal and
nocturnal arches are very different, especially when the Sun's
declination is about the greatest ; for then, his meridian alti
tude 1nay sometimes be twice as great us his midnight depres.
sion, and at other times the reverse. Wlen the Sun is at his
greatest declination, cither north or south, his rays are as ob.
lique at Venus's equator, as they are at Lontlon on the shortest
day of winter. Therefore, at her cquator there are two win-
ters, two summers, two springs, and two autumns, every year.
But because the Sun stays for some time near the tropies, and
passes 5o quickly over the equator, cvery winter there will be
almost twice as long as summer: the four reasons returning
twice in that time, which consists only of 9} days.

40. Those parts of Venus which lie between the poles and
tropics, and between the tropics and polar circles, and also be-
tween the polar circles and equator, partake more or less of the
phenomena of these circles, as they are morc or less distant
from them. .

Great difir.  41. From the quick change of the Sun's declina-
;::.0:;: Pi“: tion it happens, that if he rises due east on any
twde at rising day, he will not sct due west on that day, as with
and setting.  ys; for if the place where he rises due east be on
the equator, he will set on that day almest west-north-west ;
or about 18}° north of the west. But if the place be in 45°
north latitude, then on the day that the Sun rises due cast he
will set north-west by west, or 33° north of the west. And in
6% north latitude, when he rises in the east, he sets not in
that revolution, but just touches the horizon 10° to the west of
the north point : and ascends again, continuing for 3] revolu-
tions above the harizon without setting. Therefore no place
has the forenoon and afternoon of the same day equally long,
unless it be on the equator, or at the poles.
The longic 42, The Sun’s altitude at noon, or any other time
wdeof places Of the day, and his amplitude at rising and setting
eully found heing very different at places on the same parallel
of latityde, according to the different longitudes of
those places, the longitude will be almost as easily found on
Venus, as the latitude is found % the Eayth : which is an ad-
yantage we can never have, because the daily change of the
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Sun’s declination is by much too.small for that important pur-
pos
43. On this planet, where the Sun crosses the equa-  Her equi.
or in any year, he will have 9° of declination from poxes & “ﬁ? s
that place on the same day and hour next year, and 3., fo,:.,;
will eross the equatos 907 farther to the west ; which every year.
mahes the time of the equinox a quarter of a day (or about six of
our days) later every year.  Ilence, although the spiral in which
the Sun’s motion i» performed be of the same sort every year, yet
it will not be the very same, because the Sun will not pass vertical-
ly over the same places till four annual revolutions are finished.
++. We may suppose that the inhabitants of Ve- fourth
nus will be careful t add a day to some particular ,;:ry. leap
part of” every fourth year, which will keep the same year to Ve
o-casons to the same days.  For, as the great annual ™™
thange of the equinoxes and solsuices shifts the seasons a quar-
ter of w day every year, they would be shifted through all the
diny s of the year in 86 years.  But by means of this intercalary
day, every fourth vear will be a leap year ; which will bring her
time to an cven reckoming, and heep her calendar always right.
43. Venus's orbit s inclined 837 to the Earth’s; yp o o0
and crosses it in the 14° of Gemini and of Sagittarius; will appear
amd therefore, when the Earth is about these points ©® the San-
of" the echptic at the time that Venus is in her inferior conjunc-
tion, she will appear like a spot on the Sun, and afford a more
certain method of finding the distances of all the planets {from the
Siun than any other yet known. But these appearances hap-
pen very seldom 5 and will be only twice visible at London for
110 years to come.  The first tume will be in the year 1761,
Juyne the Gth, in the morning ; and the second, on the 3d of June
1769, in the evening. Excepting such transits as these, she
Zhews the rame appearances to us regularly every eight years ;
her conjunctions, ejongations, and times of rising and setting,
\eing very nearly the sune, on the same days, as before,
e 46. Venus may have a satellite or moon, although Sihe mayhave
it be undiscovered by us: which will not appear very 2 moon althe’
surprising, if we consider how-inconveniently we are Fe cannot see
placed for secing it;® for its enlightened side can

& Casaini, Short, and other agtronomers, imagined that they saw Venus attended
with her satcllite; and Lambert has given, in the Memoirs of Berlin for 1773, &
theory of this sccondary planct. These astronomers, however, were deceived bkm'
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never be fully turned towards us, but when Venus is beyond
the Sun; and then, as Venus appears little bigger than an
ordinary star, her moon may be too small to be perceived at
sucha distance.  When she is between us and the Sun, her ful?
moon has its dark side towards us; and then we cannot see it
any more than we can our own moon at ethe time of change.
When Venus is at her greatest elongadion, we have but one
half of the enlightened side of her full moon towards us; and
even then it may be too far distant to be seen by us. But of
she has a moon, it may certainly be ween with her upon the Sun,
in the year 1761, unless its orbit be considerably inclined to the
ecliptic: for if it should be in conjunction or opposition at that
time, we can hardly intagine that it moves so slow as to he hid by
Venus all the six hours that she will appear on the Sun’s dise.?
47. The Earrtu is the next -plaret above Venus
in the system. It is 82,000,000 of nules from the
Figl.  Sun,and goes round him (as in the arcle @) in 3651
5" 49™ from any equinox or solstice to the same again: but
from any fixed star to the sane again, as seen from the Sun,
Its diomar 10 865¢ 6" and 9™ the former being the length of
and somual the tropical vear, and the latter the length of the
motion. sydercal. It travels at the rate of 38,000 mnles
every hour; which motion, though 120 times swifter than
that of a cannon ball, is little more than half' as swift as Mer-
cury’s motion in his arbit. The earth’s diameter is 7,970 miles,
and by turning round its axis every 24 hours from west to cast,
it causes an apparent diurnal motion of all the heavenly bodies
from east to west. By this rapid motion of the earth on its axis,
the inhabitants about the cquator arc carried 1,042 miiles every
hour, whilst those on the paralicl of London are carried only

The Earth. .

optical fllosion, for the inaginary satellite was merely a secondary image formed by =
double reflection. M. Wargentin had in his possession a good achromatic telescope,
which always shewed Venus with a satellite ; but the deception was discovered by,
moving the telescope upon its axis.—Ed.

7 The transit is over since this was written, and no satellite was scen with Venus
on the sun’s disc. =

s Adhhepbmmnnmheplmeul.deepmdomheﬂnwofherdmmd
rotation, will be different $rbm those mentioned by Mr. Ferguson, in consequence of
hhhﬁuldqhﬂﬁehgﬁdb«dsynwdbynw;mlulo,m By
supposing the daily revolution of Venus to be one of our days iggtead of 24, the reader
Waﬂyumhmmmbth plum,wludlm
allbcied by her dinrnal revolutionsesEd. rd
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about 580, besides the 58,000 miles by the annual motion above
mentioned, which is common to all places whatever.

48. The Earth’s axis makes an angle of 23}° with Inclination
the axis of its orbit ; and keeps always the same ob- of its axis.
lique direction, inclining towards the same fixed stars? through-
out its annual conrse,,which causes the returns of spring, sum-
mer, autumn, and wintgr; as will be explained at large in the
tenth chapter.

#). The Earth is round like a globe, as appears, A proof ofits
1, By its shadow in cclipses of the moon; which beng round.
shadow is always bounded by a circular line (§ 314); 2, By
our seemig the masts of a ship whilst the hull is hid by the con-
vexity of the water; 3, By its having been sailed round by many
vavigators. The hills take off no more from the roundness of
the carth, in comparison, than grains of dust do from the round-
ness of a commaon globe.

50. Lhe seas and unknown parts of the Earth (by 1t numberof
ameasurcment of the best maps) contain 160 million squaremiles.
522 thousand and 26 square nules; the inhabited parts 38 mil-
hon 990 thousand 369, Europe 4 mullion 456 thousand and
65. Asia 10 million 768 thousand 823 ; Africa 9 million 654
thousand 807; America 14 million 110 thousand 874. In all,
199 mlhon 512 thousand 595; which is the number of square
mules on the whole surface of our globe.

51. Dr. Long, in the first volume of bis astronomy, . propor.
p- 168, mentions an ingenious and easy method of tion of land
finding nearly what proportion the land bears to the and ses.
sea ; which is, to take the papers of a large terrestrial globe,
and after separating the land from the sea, with a pair of scis-
sars, to weigh them carefully in scales. This supposes the globe
to be exactly delincated, and the papers all of equal thickness.

“The Doctor made the experiment on the papers of Mr. Senex's
venteen inch globe ; and found that the sea papers weighed

' 9 gramns, and the land only 124: by which it appears that
s aimost three fourth parts of the surface of our Earth, between
the polar circles, are covered with water, and that little more
than one fourth is dry land. The Doctor omitted weighing all

9 Thisis not strictly true, as will appear when we come to treat of the recession of
the equinoctial pointsin the heavens, § 246 ; which recession is equal to the deviation
of the Earth'saxis from its parallelism ; but this s rather too small to be sensible in an
agre, except to those who make very nice observations.

YoL.n ° c
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within the polar circles, because there is no certain measurement
of the land within them, so as to know what proportion it bears
to the sea.
The Moon. 92 The Moo is not a planct, but only a satelli‘e
or attendant of' the Farth, going round the Earth from
change to change in 904 12" and 4 #™; amd 10und the Sun with
it every year. The Moon's diameter i 2.180 miles, and her
distance from the Earth's centre 240,000.  She goes round her
orbit in 274 r 4gm moving about 2.290 miles every hour; and
turns round her axis exactly in the time that she goes round
the Earth, which is the reason of her heeping alway s the same
side towards us, and that her day and night, taken together, 18
as long as our lunar month.

53. The Moonis an opaque globe fike the Earth, and <himes
only by reflecting the light of the Sun :*therefore, whlst tha
half of her which i~ towards the Sun i~ enhghtened, the other
half must be dark and wvisible  Henee <l disap-
pears when she comes between us and the Sun, be-
cause her dark <ide is then towards us.  When she is gone a
little way forward, we <ec a hittle of her cnlightened side : which
still increases to our view, as e advances forward, unul she
comes to be opposite to the Sun; and then her whole enlighten-
ed side is towards the Earth, and -hc appears with a round illu-
mined orb, which we call the full moon : her dark wide being
then turned away from the Earth. From the full she scems to
decrease gradually as she goes through the otlier halt' of her
course, shewing us less and less of her enlightened side every
day, till her next change or conjunction with the Sun, and then
she disappears as before.

A proof that 54. This continual ch.nng(- of the Mtx.m’s phases
she shinesnot demonstrates that she shines not hy any light of her
by her own 4un: for if she did, being globular, we should
always sec her with a round full orb like the Sin.
Ier orbit is represented in the scheme by the liut e
circle m, upon the Farth’s orbit @: but it is drawy
fifty times 100 large in proportion to the Earth; and yet is
almost too small to be scen in the diagram.

One hatf o 99 The Moon has scarcely any difference of sea-
beralwaysen- gons, her axis being almost perpendicular to the
lightened. ecliptic. What is very singular, one half of her has
no darkness at all, the Earth constantly affording it a strong

Her phases.

Fig. 1.
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light in the Sun’s absence ; while the other half has a fortnighv’s
darkness and a fortnight's light by turns.

56. Our Earth is a Moon to the Moon, waxing and Our Earth s
waning regularly, but appearing thirteen times as ber Moon.
big, and affording her thurteen tunes as much light as she does
tous. When shc changesto us, the Earth appears full to her
and when she is in hem first quarter to us, the Earth 1 in its
third quarter to her; and vice versd.

57. But from one half of the Moon, the Earth is never scen
at all :! from the middle of the other half it is alwavs seen over
head, turning round almost thirty times as quick as the Moon
does. From the circle which limuts our view of the Moon, only
one half of the Earth's side next hier is scen, the other half being
hid below the horizon of all places on that circle  To her the
*Farth seems to%he the biggest body 1 the uuiverse, for it ap-
pears thirteen times as lw_: as she does to us

58. Whe Moon has no atmosphere ot any viable density sur-
roundmg her as we have. foraf she had, we could never see
her edge so well defined as it appears; but there would be a
sort of a mst or hazmmess around her, which would make the
stars look fainter, when they are seen through it2 proof of the
But observation proves, that the stars which disap- Moon's hav-
pear behind the Moon retan their full lustre until ';‘)‘m';:. atmo-
they seem to touch her very edge, and then they

! This 1 not exactly the case, for we sometimes see a portion of the Moon's eastern
nemiwphere, which was not seen 1 a former part of her revolution, and lose sight of
a simuar portion of the Moun's western hmb.  The Cristan sea, for example. which
13 a large dark spot on the western side of the moon, 13 sometimes § of its diameter
from her limb, and at other times so near1it, that the interval can acarcely be observed.
Bee the Supplementary chapter, on Selcnography.—Ed.

1 Astronomers have long been divided 1n opinion respecting the atmosphere of the
Moon. Thosc who deny its existence, argue chiefly from the appearance of fixed stars,
sthat emerge behind the moon®s limb, without losing their usual lustre. But if we

sider, that the Iunar atmosphere, if it did exist, could not subtend an angle of

than one second, and that the emerging star moves through this space in twn
] k&ond: of time, we can scarcely expect to perceive any considerable change in its
« onlliancy. * Besides, if the atar cmerges at a part of the Moon’s imb where there isa
nidge of mountains, the time during which its lastre should be obscrved, would be
much less than two seconds, and sometines imperceptible.  On this point, however,
we are not 16ft to vague conjecture, for M. Schroeter has discovered, near the Moon's
cusps, n fant grey light, of a pyramidul form, which, being the Moon’s twilight, must
necessarily arse from her atmosphere. M. Schroeter concludes. from his observae
tions, that the height of the Moon's atmosphere, where 1t could dimmish the bright-
ness of a star, or inflect the rays of light, does not exceed 5742 feet. See chap. xv,
note 2. Fd.



20 OF THE SOLAR SYSTEM CH. IF.

vanish in s moment. This has been often observed by astro-
nomers, but particularly by Cassini,® of the star # in the
breast of Virgo, which appears single and round to the bare
eye; but through a refracting telescope of 16 feet, appears tor
be two stars so near together, that the distance between them
seems to be but egnal to one of their appafent diameters.  The
Moon was observed to pass over them®on the 21st of April
1720, ~.s. and as her dark cedge drew near 1o them, it caused
no change in their colour or situation. At 25™ 14 past 12
at night, the most westerly of these stars was lud by the dark
edge of the Moon; aund in 30* afterwards, the most easterly

star was hid: each of them disappearing behind the Moon in an
instant, without any preceding diminution of maguitude or
brightness ; which by no means could have been the case if
there were an atmosphere round the Moon ; for then, one of
the stars, falling ubliquely into it before the other, oughit by re-
fraction to have suffered some change in its colour, #rin 1ts
distance from the other star, which was not yct entered into the
atmosphere. But no such alteration could be pereerved, though
the observation was performed with the utimost attention to that
particular; and was very proper to have made such a discovery

The faint light, which has been «cen all around the Moon, in
total eclipses of the Sun, has been abserved, during the time of
darknes., to have its centre coincident with the centre of the
Sun; and was, therefore, much more hhely to arise from the
atmosphere of the Sun, than from that of the Moon ; forif 1t had
been owing to the latter, it centre would have gone along with
the moon’s.

59. If there were seas in the Moon, the could have
no clouds, rains, nor storms, as we have; because
she has no such atmosphere to support the vapours which oc-
casion them. And cvery one knows, that when the Moon is
above our horizon in the night-time, she is visible, unless tife
clouds of our atmosphere hide her from our view ; and all patie
of her appear constantly with the same clear, screne, and calm’
She is full of 8sPect. But those dark parts of the Moon, which
cvems and were formerly thought to be scas, are now found to
deep % be only vast deep cavities, and places which reflect
not the Sun’s light so strongly as others, having many caverns

Nor seas.

3 Mimoires de P Acad. Par. 1720.
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and pits, whose shadows fall within them, and are always dark
on the sides next the Sun, which demonstrates their being
hollow; and most of these pits have little knobs like hillocks
standing within them, and casting shadows also, which cause
these places to appear darker than others that have fewer or
less remarkable caverns.  All these appearances shew that there
are no seas in the Moen ; for if there were any, their surfaces
would appear smooth and even, like those on the Earth.¢

* 60. There being no atmosphere about the Moon, . s al.
the heavens in the day-time have the appearance of waysvisibleto
night to a lunarian who turns his back toward the the Moon.
Sun; and when he does, the stars appear as bright to him as
they do in the night to us. For, it is entirely owing to our
atmosphere that the heavens are bright about us in the day.

61. As the Earthi turns round its axis, the scveral continents,
seas, and 1slands appear to the Moon’s inhabitants like so many
spots, “of difierent forms and brightness, moving over its sur-
facc : but much fainter at some times than others, as our clouds
cover them or leave them. By these spots the luna- g g o
rians can determine the tme of the Earth’s diurpal dal t the
motion, just as we do the motion of the Sun; and Moon.
perhaps they mcasure ther tune by the motion of the Earth's
spots, for they cannot have a truer dial.

62. 'The Moon's axis is so nearly perpendicular to the ecliptie,
that the Sun never removes sensibly from her equator ; and the
obliquity ® of her orbit, which is next to nothing, as seen from
the Sun, camnot cause the Sun to decline sensibly from her

‘

* The arguments adduced by Mr. Ferguson to prove that there is no sea in the
moon, are very far from bemg conclusive. The existence of a lunar atmosphere is
completely ascertmined ; and the hittle pits and eminences which appear in the dark

- parts of the moon, which arc extremely even and smooth, may be regarded as rocks
or islands. By obscrvations, however, on the Mare (rissum, when the line which
’gepmtcs the enhightencd from the obscure segment of the Moon pussed through this
1zrge and apparently level spot, I have found that the shuded parts of the Moon,
sowever mmooth they may appear, arc not level surfaces, and therefore cannot be
seas. If there werc seas in the Moon, there would be particular times when the
reflected hight of the Sun would render them more briliunt than any other part
of her surface, and the light would acquire that property called polarssation, which
is however found not to be the case. ‘L'hese facts will be stated more fully in the
Supplement.—Ed.

5 'The Moon's orbit crosses the ecliptic in two opposite points, called the moon’s
nodes ; so that one half of her orbit is above the ecliptic, and the other half below 1t
The angle of its obliquity is b} degrees.
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How the lu- €quator.  Yet her inhabitants are not destitute of
e ey means for ascertaining the length of their year,
leogthof their though their method and ours must differ: for we
year can know the length of our year by the return of
our equinoxes ; but the lunarians, having always cqual day and
night, must have recourse to another mtthod : and we may
suppose, they measure their ycar by olwerving when either of
the poles of our Earth begins to be cnlightened, and the other
to disappear, which i~ always at our equinoxes; they bein
conveniently situated for observing great tracts of land about
our eardh’s poles, which are entirely unhnown to us. Hence
we may conclude, that the year is of the same absolute length
both to the Farth and Moon, though very different as to the
number of days: we having 365} natural day~, and the luna-
rians only 12,7, : every day and night in the Moon being as
long as 29} on the Farth.
wnd thelon. 63+ The Moon's mhabitants on the side next the
g:lirdﬂ mzf‘ Earth may as casily find the longitude of thew places
Places. o5 we can find the latitude of cours, for the Earth
keeping constantly, or very nearly s, over om menidian of the
Moon, the east or west distances of places from that mendian
are as easily found, as we can find our distance from the equa-
tor by the altitude of our celestial poles.

64. The planet Mags 15 neat order, beng the
first above the Earth’s orbit. His distance from the
Sun is computed to be 125,000,000 of nules; and by travelling at
the rate of 47,000 milcs every hour, as in the arcle &,
he goes round the Sun in G86 of our days and 23
hours, which is the length of his year, and contains 6677 of his
days; cvery day and night together being 40 minutes longer
than with us. Flis diamcter is 4,444 miles; and by hi» diurnal
rotation the inhabitants about his equator are carried 556 miles
every hour. His quantity of light and hcat is equal but to on’
half of ours; and the Sun appears but half as big to him as
to us.

65. This planet being but a fifth part so big as the Earth, if
any moon attends him, she must be very small, and has not yet
been discovered by our best telescopes. He is of a fiery red
Hie atmo.  c0lour, and by his appulses to some of the fixed
mmd stars, scems o be encompassed by a very gross al-

mosphere. He appears sometimes gibbous, out ne-

Mars.

Fig. 1.
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ver horned, which both shews that his orbit includcs the Earth’s
within it, and that he shines not by his own light.

66. T'o Mars, our Earth and Moon appear like two Moons, a
bigger and a less; changing places with one another, and ap-
pearing sometimes horned, sometimes half or three quarters
illuminated, but never full ; nor at most above one quarter of a
degree from cach othew although they are 24,000 miles asunder.

67. Our Earth appears almo‘st.as big to Mars as How the
Venus does to us, and at Mars it is never seen above other pla-
48 h:om lbc Sun ; sometimes it appears to pass over ';‘;a"l’rl"_“'
the disc of the Sun, and so do Mercury and Venus;
but Mercury can never be seen from Mars by such eyes as
ours, unassisted by proper instruments ; and Venus will be as

' seldom scen as we wwe Mercury.  Jupiter and Saturn are as
visible to Mars*as to us.  1Is anis is perpendicular to the ec-
liptic. and his orbit is two degrees inchned to it.®

68. Jurrter,” the Ingaest of all the planets, is
still higher i the system, being about 426 millions
of mules from the Sup: and, going at the rate of 25,000 miles
every hour in his orbit, as in the circle ¥, finishes
his annual period in cleven of our years 811 days
and 12 hours. He is above 1000 times as big as the Earth,
for Ins diameter is 81,000 miles; which is more than ten times
the diameter of the Earth.

69. Jupiter turns round his axis in 9 hours 56 Tpe num.
minutes, 5o that his year contains 10,470 days ; and ber of days
the diurnal velocity of his cquatorial parts is greater ™ bus year.
than the swiftness with which he moves in his annual orbit; &
singular circumstance as far as we know. By this prodigious
Guick rotation, his cquatorial inhabitants are carried 25,920
miles every hour, (which is 920 miles an hour more than an
inhabitant of our Earth’s cquator moves in 24 hours), besides

Sthe 25,000 above mentioned, which is common to all parts of
p, is surface, by his annual motion.
[ ]

Jupiter.

 About the commencement of the piesent century, within the space of a few years,
four new planets, CEREs, PaLras, Juvno, and VESTA, have been added to the
solar systni.  They are placed hetween the orbits of Mars and Jupiter, and differ
from the other bodies of the system in thewr size and appearance, as well as in the
form and position of their orbits. Sec the Supplementary Chapter, on the New Pls-
nets.—Ed.

7 Bee the Supplementary Chspter, on the Discoveries respecting Jupiter and Sa-
turn, &c.—ﬁ'l.
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His belts 70. Jupiter is surrounded by faint substarnces,
and spots-  called belts, in which so many changes appear, that
they are generally thought to be clouds; for some of them
have been first interrupted and broken, and tken have vanished
entirely. They have sometimes been observed of different
breadths, and afterwards have all become’ nearly of the samne
breadth. Large spots have been seen nthese belts; and when
a belt vanishes, the contiguous spots disappear with it. The
broken ends of some belts have been gemerally observed to re-
volve in the same time with the spots, only those nearer the
equator in somewhat less time than those near the poles; per-
haps on account of the Sun's greater heat near the equator,
which is parallel to the belts and course of the spots.  Several
large spots, which appear round at one time, grow oblong by
degrees, and then divide into two or three round spots. The
periodical time of the spots near the equator is 9" 50, but of
those near the poles, 9" 56™.  See Dr. Smuth’s Optics, § 1004,
et seq.
He has no 71. The axis of Jupiter is so nearly perpendicular
change of to his orbit, that he has no senmble change of sea-
seasons § sons; which is a great ad\amagv and wisely order-
ed by the Author of nature : for, if the axis of this plnmt were
inclined any considerable number of degrees, just so many de-
grees round each pole would in their turn be almost six of our
years together in darkness. And, as cach degree of a great
circle on Jupiter contains 706 of our mles at a mcan rate, 1t is
easy to judge what vast tracts of land would be rendered unin-
habitable by any considerable inclination of his axis

72. The Sun appcars but 'y part so big to Jupiter as to us;
and his light and heat are in the same small proportion, but
but has four compensated by the quick returns thereof,”and by
mooss. four moons (some bigger and some less than our
Earth) which revolve about him: so that there is scarce any
part of this huge planct but what is during the whole night en-
lightened by onc or more of these moons, except his poles,
whence only the farthest moons can be seen, and where light is
not there wanted, because the Sun constantly circulates in or
near the horizon, and is very probably kept in view of both
poles by the refraction of Jupiter's atmosphere, which, if it be
like ours, has certainly refractive power enough for that pur-

pose. .
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78. The orbits of these moons are represented iu

the scheme of the solar system by four small circles md- round

marked 1, 2, 8, 4, on Jupiter's orbit ¥ but they Jupiter

are drawn fifty times too large in proportion to it. The first
)moon, or that nearest to Jupiter, goes round him in 1¢ 18" and

36™ of our time, and is 229,000 miles distant from his centre:

the second performs its°revolution in 3! 13" and 15™, at 364,000

miles distance: the third in 7¢ 3" and 59™, at the distance of

580,000 miles: and the fourth, or outermost, in 164 18® and

30m, at the distance of 1,000,000 of miles from his centre.

74. The angles under which the orbits of Jupl- Parallax

of

ter’> moons are scen from the Earth, at its mcan dis- therr orbits,
tance from Jupiter, are as follow: The first, 3’ 5”; ‘:‘o‘:n"."“““?'
Jthe second, 6' 1 4" the third, & 58”; and the fourth, How h:P::
17 30". And their distances from Jupiter, mea- Pear t bus

nearest moon,
sured by his semidiameters, are thus: The first, 5% ;
the second. 9 the third, 14¢] ; and the fourth, 25148 This
planct, seen from its nearest moon, appears 1000 times as lar
as our Moon does to us, waxing and waning in all her monthly
shapes every 42} hours.

75. Jupiter's three nearest moons fall into his sha- 7, g
dow, and are cclipsed in cvery revolution : but the discoveres
orbit of the fourth moon is so much inclined, that :f,;‘,fe?,}' J‘ﬁ'
it passeth by its opposition to Jupiter, without fall- pier'smoons.
ing into his shadow, two years in every six, By these eclipses,
astronomers have not only discovered that the Sun’s light takes
up cight minutes of time in coming to us; but they have also
determined the longitudes of places on this Earth with greater
certainty and facility than by any other method yet known, as
shail be explained in the eleventh chapter.

76. The diffcrence between the ‘equnto_rial and po- _—
lfr diameters of Jupiter is 6230 miles ; for his equa- ference be
t4rial diameter is to his polar, as 13 to 12; so that fveen the e

' %is poles are 3115 miles nearcr his centre than his j fume
is poles eal polar  diame-
“equator is. 'This results from his quick motion ters of Jupi-
round his axis; for the fluids, together with the
light particles, which they can carry or wash away with them,
recede from the polcs which are at rest, towards the equator,
where the motion is quickest, until there be a sufficient number

o 3 Cassini Elémens & Astronomie, liv. 1x, chap. 8.
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accumulated to make up the deficiency of gravity occasioned
by the centnfugal force, which ulways arises from a quick mo-
tion round an axis: and when the dehcwmw of weight or gra-
vity of the particles is made up by a sufficient accumulation,
there is an equilibrium, and the equatonal parts rise no higher.
The aufier. OUF Earth bemg but a very small plauu compared
ence little in to J upltcr and its motion om its axis heing much
%.::hof our glower, it is less flattened of course; for the differ-
' ence between its cquatorial and polar diameters is
only as 230 to 229, numely, 36 miles.?
Place of his (1. Jupiter's orbit is 1 20" inclined to the eclip-

nodes. tic. His north nodeisin the 7 of Cancer, and his
south node in the 7* of Capricorn.
Saturn. 78. Satrry,' the most remarkable of all the pla-

nets, is about 780,000,000 of miles from the Sun;
and, travelling at the rate of 18,000 miles every hour, as m the
Fig. 1. circle marked b, performs its amnual arcuit in 297

167" and 5" of our time, which makes only one year
to that planct.  Its diameter is 67,000 wiles, and  therefore it
is near 60O times as big as the Fartn,

Plate I, 79. This planct 15 surrounded by a thin broad
Fig. 5. ring, as an artificial globeis by ahonizon.  The ring
H nng.

appears double when scen thiough a good telescope,
and 15 represented by the figure in such an obhque view asit is
generally seen. It s inclined 807 to the echiptic, and is about
21,000 miles in breadth, which is equal to its distance from
Saturn on all sides.  There is reason to believe that the ring
turns round its axis, because, when it 1» almost edgeways to us,
it appears somewhat thicher on oue side of the planet than on

* According 10 the French measures, a degree of the mendian at the equator con-
tamns 340,606.68 I'rench feet ; and a degree of the mendian 1n Lapland contains
3#4,627.40 : so that a degree in Lapland is 4,0.20.72 I'rench feet (or 4,280.02 Erg.
bish fect) longer than a degrec at the equator. The diffirence 1s %5 parts of -u
English mule.  Hence, the carth’s equatorial diamieter contains 39,386,196 Frenca
feet, or 41.926.356 Tinghsh, and the polur diameter 39,202,920 Freach feet, o’
41,731,272 Fnghsh.®  No that the equatorial diameter is 105,084 Fnglish feet,
36,948 Enghsh mules longer than the axi

! Sce the Supplementary chapter 1 Vol. ii, on the new discoveries concerning
Jupiter and Saturn, &c.

‘e From « comparison of the length of different degrees of the mezidian lately measured, 1t ap-
pears that the compression at the Earth's poles 15 only 1-300th ; and since the diameter of the earth

at the equator 157,934 English miles, 1ts diameter at the poles will be 7,908 males, and the difference
between these diameters 26 miles.—Ed.
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* the other ; and the thickest edge has been seen on different
sides at different times. But Saturn having no visible apots on
his body, whereby to determine the time of his turning round
has axis, the length of his days and nights, and the position of

Jhis anis, are unknown 1o us.

80. To Saturn, the Sun appears only jth part 50 g4 gee
big as to us, and the light and heat he receives from moons.
the Sun are in the same proportion to ours. But to compensate
for the swall quantity of sun-light, he has five moons, all going

_round hun on the outside of his ring, and nearly in the same

plane with it. The first, or nearest moon to Saturn, goes
round Inm in 1¢ 21" 197, and is 140,000 miles from his centre :
the second, in 24 17" 40™, at the distance of 187,000 miles: the
lhlrd, in 44 190 250 at 263,000 miles distance : the fourth, in
l"‘ 220 417 at the distance of 600,000 miles: and the fifth,
or outermost, at 1,800,000 nules from Saturn’s centre, goes
round nim m T9* 7" 48°. Their orbits in the o
scheme of the solar svstem are represented by the
five small circles, marked 1, 2, 8, 4, 5, on Saturn’s orbit; but
these, hhe the orbits of the other satellites, are drawn fifty times
too large in proportion to the orbits of thetr primary planets.

81. 'The Sun shines almost 15 of our vears together on one
side of Saturn’s ring without setting, and as long on the other
in its turn; <o that the ring is visible to the inhabitants of that
planet for almost 15 of our vears, aud as long invisible by turns,
if its axis has no inclination to 1ts ring l)ut it the 1 axis pro.
axis of the planet be inclined to the 1ing, suppose bablymnclined
about 30°, the ring will appear and disappear once * his ring.
every natural day to all the inhabitants within 80° of the equa-
tor, on both sides, frequently echpsing the Sun in a Saturpian
day. Morcover, if' Saturn’s axis be so inclined to his ring, it is
perpendicular to his orbit, and thereby the inconvenience of
different seasons to that planet is avoided ;2 for, considering the
»ength of Saturn’s year, which is almost equal to 30 of ours,
what a dreadful condition must the inhabitants of his polar re-
gions be in, if they be half that time deprived of the light and
heat of the Sun ? which is not their case aloue, if the axis of the

? The axm of Saturn 1 perpendicular to the plane of hus double ring, which re.
volves along with the planet in 100 16m 2%.—Ed.
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planet be perpendicular to the ring, for then the ring must hide
the sun from vast tracts of land on each side of the equator for
13 or 14 of our years together, on the south side and north side
by turns, as the axis inclines to or from the Sun: the reverse of
which inconvenience is another good presumptive proof of the
inclination of Saturn’s axis to its ring, and also of his axis being
perpendicular to his orbit. ¢
Howthering  S% This ring, seen from Saturn, appears like a
appearstoSa- vast luminous arch in the heavens, as if it did not be-
tumandtous. 1o to the planct. When we see the ring most
open, its shadow upon the planet is broadest; and from that
time the shadow grows narrower, as the ring appears to do to
us; until, by Saturn's annual motion, the Sun coues to the
plane of the ring, or even with it edge; which bang then di-
rected towards us, hecomes imvisible on account of its thinmess,
as shall he explained more largely in the tenth chapter, and
Inwhatsigns illustrated by a figure.  The ring disappears twice in
Satum ap- every annual revolution of Saturn, namely, when he
E::n:z, lmd isin the 19 both of Pisces and of V irgo.  And when
:‘::‘,;‘c:hw Saturn 1~ in the middle between these pomts, or in
most open to the 19° cither of Gemini or of Sagittarius, his ring
us. appuars most open to us; and then its longest dia-
meter is to its shortest, as 9 to 4.
83. To such eves as ours, unassisted by instru-

Noplanethut . Lt .
Saturn canbe TICNts, Jupiter is the only planet that can be scen
ecen fromJu- from Saturn, and Saturn the only planet that can
Ppiter, nor any
from Saturn Pe sven from Jupiter; so that the inhabitants of
besdes Jupi- these two planets must cither see much farther than

) we do, or have cqually good instruments to carry
their sight w remote objects, if’ they know that there is such a
body as our Farth in the universe: for the Earth is no bigger
seen from Jupiter, than his moons are seen from the Earth ; and
if his lnrge body had not first attracted our sight, and prompted
our curiosity to view him with a telescope, we should never
have known any thing of his moons, unless by chance we had
directed the telescope toward that small part of the heavens
where thev were at the time of observation. And the like is
true of the moons of Saturn.
"Place of Sa.  84. The orbit of Saturn is 2}° inclined to the
turn’s nodes.  ecliptic, or orbit of our Earth, and intersects it in
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the 21° of Cancer and of Capricorn; so that Saturn’s nodes are
only 14° from Jupiter’s, § 77.

85. The quantity of light afforded by the Sun 10 The Sont
Japiter bemng but ;Y part, and to Saturn only % ug;, ,::,;,
fpart, of what we cnjoy: may at first thought in- froager on
duce us to believe that these two planets are entirely Swrn than
unfit for rational beinge to dwell upon.  But, that Y ehlﬁ':l'.duy
their light is not so weak as we imagine, is evident
from their brightness in the night-time; and also from this
rcmarkable phenomenon, that when the Sun is so much eclips-
ed to us, as to have only the 40th part of his disc left unco-
vered by the Moon, the decrease of light is not very sensible :
and ju't at the end of darkness in total cclipses, when his
western limbh begins to be visible, and scems no bigger than a
hit of fine sll\(r wirc, every onc is surprised at the brightness
wherewith that small part of him shines. The Moon, when
full, afford- travellers hight enough to keep them from mis-
tahig their wayv: and vet, according to Dr. Bmith,* it is
equal to no more than 2 90,000th part of the light of the Sun:
that is, the Sun’s light 15 90,000 times as strong as the light of
the moon when full.  Consequently the Sun gives 1000 times
as much hght 10 Saturn as the full moon does to us, and above
8000 times as much to Jupiter; so that these two planets,
even without any moons, would be much more enlightened
than we at firt imagine ; and by having so many, they may be
very comfortable places of residence.  Their heat, so far as it
depends on the force of the Sun’s rays, is certainly much less
than ours, to which no doubt the bodies of their ichabitants
are as well adapted as ours arc to the seasons we enjoy. And
if we consider, that Jupiter never has any winter, even at his
poles, which probably is also the case with Saturn, the cold
cannot be so intense on these two planets as is generally ima.
gined. Besides, there may be something in the nature of their
mould warmer than in that of our Earth: and we =
find that'all our heat depends not on the rays of the depends not
Sun; for if it did, we should always have the zame o0 the Sun’s
months equally hot or cold at their annual returns.

3 In the year 1781, Dr. Herschel discovered a ncw planet, without the orbit of Sa-e
turn, and called it the Georgium Sidus, in honour of his late majesty. A full account
of this discovery will be found in the Supplementary chapter on the New Planets..—Ed,

* Opuics, Art. 95.
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But it is far otherwise. for February is sometimes warmer
than May : which must be owing to vapours and cxhalations
fromn the earth. °
86. Exvery person who lovks upon and compares the sys<tems
of mouns together, which belong to Jupiter and Saturn, must
be amazed at the vast magmtude of these two planets, and the
noble attendance they have in respect of our httle Farth ; and
can never bring limself to think, that an infimtely wise creator
should dispose of all his ammals and vegetables here, leaving
the other planets bare and destitute of rational creatures.  To
It is highly Suppose that he had any .\icw to our I.u-m-ﬁt'. n
probable that CTeating these moons, and giving them their motions
all the planets pynd Jupiter and Saturn ; to imagme that he in-
are inhabited.
tended these vast bodies for any .ul\.:m.lgv o us,
when he well knew that thev could never be seen but by u few
astronomers peeping thrnugh telescopes 3 and that he gave to
the planets regular returns of days and nights, and ditferent
seasans to all where they would be convenient, but of no man-
ner of service to us, except only what ymmediatedy regards our
own planet the Farth ; to imagine, T say, that he did all this
on our account, would be charging him impiously with having
done much in vain: and as absurd, as to imagmme that he has
created a little sun and a planetary system within the shell of
our Earth, and intended them for our use.  These considera-
tions amount to little less than a positive proof, that all the
planets are inhabited : for if’ they are not, why all this care in
furnishing them with so many moons, to supply those with
Light which are at the greater distances from the Sun? Do we
not see, that the farther a planet is from the Sun, the greater
apparatus it has for that purposc ? save only Mars, which be-
ing but a small planet, may have moons too small to be scen
by us. We know that the Farth goes round the Sun, and turns
round its own axis, to produce the vicissitudes of summer and
winter by the former, and of day and night by the latter mo-
tion, for the henefit of its inhabitants. May we not then fairly
conclude, by parity of reason, that the end and design of all
the other planets is the same? and is not this agrecable to
the beautiful lmrmony which exists throughout the universe ?
* Surely it is; and raises in us the most mugmﬁccnt ideas of the
Supreme Being, who is everywhere, and at all times present ;
displaying his power, wisdom, and goodness, among all his
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creatures ! and distributing happiness to innumerable ranks of
various beings !

87. In Fig. 2, we have a view of the proportional  Fig. 2.
breadth of the Suns face or dise, as scen from the How the Sun
dlﬂu'cm planets.  The Sun is represented No. 1, as Srﬁe;:,w
scen from Mercury; No. 2, as seen from Venus ; planets.
No. 8, as seen from the Earth: No. 4, as scen from Mars ;
No. 5, as seen from Jupiter ; and No. G, as ~seen from Saturn.

Let the circle B be the Sun as seen from any
planct at a given distance; to another planct, at
double that distance, the Sun will appear just of half that
breadth, as 4; which contains only one tourth part of the area
or surface of B, For, all circles, a~ well as square surfaces,
are to one another as the squares of their diameters. Thus,
*the square 4 is¥just-halt” as broad as the square B; Fie. 4
and yet it is plain to sight, that B contains four & 2
times as much surface as 4. Hencee, by comparing the dia-
mweters of the above circles (Fig. 2) together, it will be found,
that in round numbery, the Sun appears seven times larger to
Mercury than to us, 90 times larger to us than to Saturn, and
630 times as large to Mereury as to Saturn.

88. In Jig. 5, we have a view of the bulks of the
planets i proportion to cach other, and to a sup-
posed globe of two feet diameter for the Sun. The p
Earth is 27 times as big as Mercury, very little big- bulks and

. . . distances of
ger than Venus, 5 times as big as Mars; but Ju- whe planets.
piter is 1049 tunes as big as the Earth, Saturn 586
times as big, exclusive of lLis ring: and the Sun is 877,650
times as big as the Earth. If the planets in this figure were
set a1 their due distances from a sun of two feet diameter, ac-
cording to their proportional bulks, as in our system, Mercury
would be 28 yards from the Sun’s centre; Venus, 51 yards 1
foot: the Earth, 70 vards 2 feet; Mars, 107 yards 2 feet;

~ Jupiter, 370 yards 2 fect ; and Saturn, 760 yards 2 feet; the
comet of the year 1680, at its greatest distance, 10,760 yards.
In this proportion, the Moon's distance from the centre of the
Earth wquld be only 7} inches.

89. To assist the imagination in forming an idea 4, iden of
of the vast distances of the Sun, planets, and stars, their dis- °
let us supposc, that a body projected from the Sun ***™
should continue to fly with the swiftness of a cannon-ball, i. ¢
480 miles every hour : this body would reach the orbit of Mer-

1g- 3.

Fig. 5.
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cury in 7 years 221 days: of Venus, in 14 years 8 days; of
the Earth, in 19 years 91 days ; of Mars, in 29 ycars 85 days;
of Jupiter, in 100 years 280 days; of Saturn, in 184 years
240 days: to the comet of 1680, at its greatest distance from
the sun, in 2660 years ; and to the nearest fixed stars in ghout
7,600,000 years. '
Why the 90. As the Farth is not in the centre of the orbits
planets ap-  in which the planets move, they come nearer to it
mwz and go farther from it at different times ; on which
different account they appear bigger and less by turns.
times. Hence, the apparent magmtudcs of the pl.uu-l% are
not always a certain rule to know them by.*

91. Under Fig. 3, are the names and characters of the 12
signs of the zodiac, which the reader should be perfectly well
acquainted with, s0 as to know the character: without scemg
Fig. 1 the names.  Each sign contains 30°, as in the arcle
o bounding the solar system, to which the characters
of the signs are set in their proper places

92. The Coyrrs are solid opaque bodies with long
transparent trains or tails, issuing from that side
which is turned away from the Sun®  They move about the
sun in very eccentric clhp-wn., and are of a much greater density
than the Earth; for some of them are heated i every period
to such a degree, as would vitrify or dissipate any substance
known to us. Sir Isaac Newton computed the heat of the
comet which appeared in the year 1680, when nearest the Sun,
to be 2000 tumes hotter than red hot iron, and that being thus
heated, it must retain its heat until it comes round again, al-
though its period should be more than 20,000 years ; and it is
computed to be only 575. The method of computing the heat
of bodies, keeping at any known distance from the Sun, so far
as their heat depends on the force of the Sun's rays, is very
easy ; and shall be explained in the eighth chapter.

The comets.

3 "The planets may be distinguished from one another by their differerce of colour,
and some of them by their position with regard to the Sun. The planet Venus
emits a beautiful white light ; she twinkles when she is not far from the Sun, and
can never be seen sbove three or four hours after sun-set ; she is therefore to be
looked for in the western part of the horizon after the Sun sets, or in the eastern part
of it before he rises. Mars is of a red fiery colour, and apparently not so large as
Venus and Jupiter. Jupiter shines with a white light, but is not so bright as Ve-
pus. Saturn appears less than Jupiter, and is of a dark red colour, but not so bril.
fiant as Mars.—FEd.

¢ See the Supplementary chapter on Comets.e£d.
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93. Part of the paths of three comets are deline- pyy, Y,
ated in the scheme of the solar system, and the Fig. 1.
years marked in which they made their appearance. It is be-

Heved that there are at least 21 comets belonging to They prove

ur justepy moving in all sorts of directions : and :“‘ the o
cll those which have been ohserved, have moved p;:.e:: u:

through the cthereal regions, and the orbits of the not solid:
planets, without suffering the least sensible resistance in their
motions ; which plainly proves that the planets do not move in
solid orbs.  OF all the comets, the periods of the 1y, oo
above mentioned three only are known with any de- only of three
gree of certainty. The first of ghese comets ap- " kaown.
peared in the years 1531, 1607, and 1682 ; and is expected to
appear again in the ycar 1758, and every 75th year afterwards.
"The second of themeappeared in 1532 and 1661, and may be
expected to return in 1789, and cvery 120th year afterwards.
The third, having last appeared in 1680, and its period being
no less than 575 vears, cannot return until the year 2225. ¢This
comct, at its greatest digtance, is about 11,200,000,000 of miles
from the Sun; and at its least distance fromn the Sun’s centre,
which is 49,000 miles, is within less than a third part of the
sun’s semidiameter from the surface. In that part of its orbit
which is nearest the sun, it flies with the amazing swiftness of
880,000 miles 13 an hour; and the Sun, as seen from it, ap-
pears 100° in 1 endth consequently 40,000 times as large as
he appears to The astonishing length that this They prove
comet runs out mto empty space, suggests to our the stam to
minds an idea of the vast distance between the Sun penge dis.
and the nearest fixed stars ; of whose attractions all tances-
the comets must keep clear, to return periodically, and go
znd the Sun; and it shews us also, that the nearest stars,
hich are probably those that seem the largest, are as big as
our Sun, and of the same nature with him ; otherwise they could
™Mot appear so large and bright to us as they do at such an im-
mense digtance.

94. The extreme heat, the dense ntmosphere, the o ences
gross vappurs, the chaotic state of the comets, seem :ll:av:o from
at first sight to indicate them altogether unfit for the J00 00, .
purposes of animal life, and a most miserable habita-
tion for rational beings; and therefore some? are of opinion

* Mr. Whision, in his Mstronomical rm.,u- «ﬂdip- )

VOL. I.
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that they are so many hells for tormenting the damned with
perpetual vicissitudes of heat and cold. But when we consider,
on the other hand, the infinite power and goodness of the
Deity ; the latter inclining, the former enabling, him to make
creatures suited to all states and cirewmstances ; thag matger e\
ists only for the sake of intelligent beings ; anTr that whereve
we find it, we always find it pregnant yith life, or necessarily
subservient thereto ; the numberless species, the astonishing di-
versity of animals in carth, air, water, und even on other aui-
mals; every blade of grass, every tender Ieaf, cvery natural
fluid, swarming with life; and cvery one of these enjoving such
gratifications as the nature sud state of cach requires. When
we reflect, moreover, that, some centuries ago, ull experienee
undeceived us, a great part of the Earth was judged uninha-
bitable ; the torrid zone, by reason of excesswe heat. and the
twofrigid zones, because of their intolerable cold: it seems
highly probable, that such numerous and large masses of du-
rable matter as the comets are, however unlike they be to our
Earth, are not destitute of beings capable of contenplating with
wonder, and achnowledging with gratitude, the wisdom, sym-
metry, and beauty, of the creation ; which is more plunly to
be observed in their extensive tour through the heavens, than
in our more confined circuit. If farther conjecture is permit-
ted, may we not supposc them instrumental a recruiting the
expended fuel of the Sun, and supplying the exsausted moisture
of the planets ? However difficult it may be, cicumstanced as
we are, to find out their particular destination, this is an un-
doubted truth, that wherever the Deity exerts his power, there
he also manifests his wisdom and goodnuss.
95. The solar system here described is not a late
m, invention ; for it was known and taught by the vise
::"’ demea- Sgmign philosopher Pythagoras, and others among
the ancients : but in latter times was lost, till the
15th century, when it was again restored by the famous Polisk
philosopher, Nieolaus Copernicus, who was horn at ¥horn in
the year 1478. In this, he was followed by the greitest ma-
thematicians and philosophers that have since lived ; ps Kepler,
Galileo, Descartes, Gassendus, and Sir Isaac Newton ;;the last of
* whom has established this system on such an everlasting founda-
tion of mathematical and physical demonstration, as can never be
shaken: and none who understand him can hesitate about it
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96. In the Ptolemean system, the Earth was sup- T‘"?“""
posed to be fixed in the centre of the universe; and men
that the Moon, Mercury, Venus, the Sun, Mars, =

piter, and Saturn, moved round the earth : above the planets,

isdtyperidinplaced the firmament of stars, and then the two
chrystalline spheres ; all which were included in and received
motion from the prim&m mobile, which constantly revolved
about the earth in 24 hours from east to west. But as this
rude scheme was found incapable to stand the test of art and
observation, it was soon rejected by-all true philosophers ; not-
withstanding the opposition and violence of blind and zealous
bigots.

97. The Tychonic system succeeded the Ptole- The Tycho-
mean system, but was never so generally received. ':ﬂ'!m-
In this the Kartl) was s supposed to stand still in the ag ,,.,a,
centre of the universe or firmament of stars, and the fls
sun to revolve about it every 24 hours; the planets, Mercury,
Venus, Mars, Jupiter, and Saturn, going round the Sun in the
times already mentioned: But some of Tycho’s dlsclples sup-
posed the earth to have a ditrnal motion round its axis, and
the Sun, with all the above planets, to go round the Earth in a
year; the plancts moving round the Sun in the foresaid times.
This hypothesis, being partly true and partly false, was em-
braced by few; jnd soon gave way to the only true and ra-
tional system, rostored by Copernicus, and demonstrated by Sir
Isaac Newton

98. To bring the foregoing particulars at once in view, with
several others which follow, concerning the penods, distances,
bulks, &c. of the'planets, the following table is inserted.

~fgomontanus, the friend and disciple of Tycho, supported & hypothesis dif-
ﬁtfmmﬂu,m approaching neater than the rest to the system of Copernicus.

maintained with Ptolemy, that the Earth was the centre of the universe; and
with Tycho, thnulhhephmtgnlvdmddnm,phuﬂnmdﬁoﬂ
Ochelr eliptical orbits: bat he held with Copernicus, that the diurmal motien of the
heavenl} bucges arose from the rotation of the Earth upon its axis, and thus got rid
of one of the jtrongest objections to the system of his friend and master. This syse
tom explains. §n » satisfactory manner. all the general astronomical phenowena.Bd.
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CHAP. III.

THE COPERNICAN SYSTEM DEMONSTRATED TO BE TRUE.
’ﬂ'%l”\

99. MatrER is of it~clf inactive, and indifferent to of matter
motion or rest. A bady at rest can never put itself and motion.
m motion ; a body in motion can never stop or move slower of
itself. Hence, when we see a body in motion, we conclude sene
other substance must have given it that motion ; when we see a
body fall from motion to rest, we conclude some other body or
cause stopt it.

* 100. All motion is naturally rectilineal. A bullet thrown by
the hand, or dN-harg'ed {rom a cannon, would continue to move
1 the same direction it received at first, if no other power divert-
ed it from its course. Therefore, when we seea body moving in
u curve, of whatever kind, we conclude it must be acted upon by
two powers at least : one to put it in motion, and another draw-
ing it off from the rectilineal course in which it would otherwise
have continued to move.

101. "The power by which bodies fall towards the Gravity de-
Earth, is called gravity or attraction. By this power ™
in the Karth it i, that all bodies, on whatever side, fall i lines
porpen(hculnr tiits surface.  On opposite parts of the Earth,
bodies fall in o'¥posite dlrccuons, all towards the centre, where
the whole foré of gray ity is as it were accumulated. By this
power constzﬁtly acting on bodies near the Earth, they are kept
from leaving\it altogether ; and those on its surface are kept
thereto gn all MMes, so that they cannot fall from it. Bodies
throwp/with any obliquity are drawn by this power from a
syught line into a curve, until they fall to the ground: the
.’g'reater the force by which they are thrown, the greater is the
dlsta.nce they are carried befpre they fall. 4If we supposea body
veral milesaibove the Earth, and there projected in an
direction, with so great a velocity that it would move
a semidiameter of the Earth, in the timé it would take
e Earth by gravity; in that case, if there were no
resisting jhedium in the way, the body would not fall to the
Earth at {ll, but continue to circulate round the Earth, kecping
always the same path, and returning to the point from whence
at was projected, with the same velocity as at first.
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102. We find the Moon moves round the Earth in

force demon- an orbit nearly circular. The Moon, therefore, must
mable.  be acted on by two powers or forces; one of which
would cause her to move in & right line, another bending hir
motion from that line into a curve. Thiuttunﬁ??pc-ﬁ';..-:\
be seated in the Earth, for there is no other body within the
Moon's orbit to draw her.® The attractive power of the Earth,
therefore, extends to the Moon ; and, in combination with her
prdiectile.force, causes her to move round the Earth in the same
manner as the circulating body above supposed.
The Sunand  103: The moons of J upiter and Saturn are oh-
planctsattract served to move round their primary planets: thcre-
each other. fore there is an attractive power in these planets. All
the planets move round the Sun, and respect it for their centre
of motion : therefore the Sun must be endowed with an attract-
ing power, as well as the Earth and plancts. The like may be
proved of the comets. So that all the bodies or matter of the
solar system are possessed of this power; and perhaps so is all
matter whatsoever.!

104. As the Sun attracts the planets with their satellites, and
the Earth the Moon, so the planets and satellites reattract the
Sun, and the Moon the Earth; action and reaction being al-
ways equal. This is also confirmed by observation; for the
Moon raises tides in the occan, and the satehtcs and planets
disturb one another’s motions.

105. Every particle of matter being poaseueut of an attract-
ing power, the effect of the whole must be in proportlon to the

® 1If the Moon revolve in her orbit, in consequence of an w.racting pwer residing
in the Earth, she ought to be attracted as much from the tangent of, he; orbit in a
minute, as heavy bodies fall at the Earth’s surface in a second of time. “s4 ~ord-
ingly, it is found by calculation, that the Moon is deflected from the tangent, 16.."
feet in & minute, which is the very space throngh which heavy bodies descend in a se
cond of time at the Earth’s

! Tbcdneﬁmd-mvnﬁgnmhuhnm*ﬂypmﬁbydud«umn
of the plumb Knes of quadrants from the perpendicular, when placed ¥ ‘e vicinity
of large and solid mountains. When the French astronomers, Bougher and Con.
damine, were in Peru, they found that the large mountsin Chimboracc, attracted the
plumb line of the quadrant 8” from its perpendicular position ; and i appears from
Dr. Mukelyne's experiments on Shchallion in Perthabie, thatthe deviion amauutod
in this case $0 6% See Fhil. Trans. 1775, vol. Ixv, p. 2. Mr. Cavindish suspen-
ded by & wiretwo leaden balls, fixed at the extremities of a wooden rod, and found

shat they were sensibly when two lazge masses of Joad weze placed at dif-
fesent distances from
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number of attracting particles: that is, to the quantity of mat-
ter in the body. This is demonstrated from experiments on
pendulums: for, if they are of equal lengths, whatever their
ights be, they always vibrate in equal times. Now, if one
e Auralilp deaggight of another, the force of gravity or attrac-
1on must be double, to make it oscillate with the same celerity:
if one is thrice the weight or quantity of matter of another, it
requires thrice the force of gravity to make it move with the
sume celerity.  IHence it is certain, that the power of gravity is
always proportional to the quantity of matter in bodies, what-
ever their bulks or figures are.

106. Gravity also, like all other virtuesor ema.natlons, either
drawing or impelling a body towards a centrs, decrcases as the
square of the distance increascs: that is, a body at twice the
distance attracts another with only a fourth part of the force ;
at four times the distance, with a sixtecnth part of the force.
"This too is confirmed from observation, by comparing the dis-
tance which the Moon falls in a minute from a right line touch-
ing her orbit, with the,space which bodies near the Earth fall
in the same time (~ce § 102, note): and also by comparing the
forces which retain Jupiter’s moons in their orbits. This will
be more fully explained in the seventh chapter.

107. The mutual attraction of bodies may beexem- . .
plified by a hoj and a shlp on the water, tied by a and projec-
rope. Let a ndan, cither in a ship or boat, pull the :::erh
rope (it is thebsame in effect at which end he pulls,
for the popepwill be equally stretched throughout), the ship and
boat will hadrawn towards one anothery but with this differ-
ence, thgf theDwat will move as much faster than the ship, as
the shifl is heavier than the boat. Suppose the boat as-heavy
g dhe ship, and they will draw one another equally (setting aside

’ the greater resistance of the water on the bigger body), and
meet in the middle of the first distance between them. 1f the
‘&%1,000 or 10,000 times hcavier than the boat, the boat

ill be {rawn 1,000 or 10,000 times faster than the ship; and
meet rtionably nearer the place from which the ship set
out. Ndw, whilst one man pulls the rope, endeavouring to
bring thq ship and boat together, let another man, in the boat,
endeavoyr to row it off sideways, or at right angles to the rope;
and the fyrmer, igstead of being able to draw the boat to the
ship, will'find it enough for him to keep the boat from going
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.furt.her off; whilst the latter, cndeavouring to row off the boat
in a straight line, will, by means of the other’s pulling it towards
the ship, row the boat round the ship at the rope’s length from
her. Here the power employed to draw the ship and boat t
one another, represents the mutual attraction of : x
planets, by which the planets would fall freely towards the Sun
with & quick motion ; and would als in falling attract the Sun
towards them. Aud the power employed to row off the buat,
represents the projectile force impressed on the planets at right
angles, or nearly so, to the Sun's attraction; by which mcans
the planets move round the Sun, and are kept from falling to
it. On the other hand, if it be attempted to make a heavy ship
go round a light boat, thev will meet sooner than the ship can
get round ; or the slup will drag the boat after it.

108. Let the above principles be apphed ‘to the Sun and’
Earth; and they will evince, bevond a possibility of doubt, that
the Sun, not the Farth, is the centre of the system; and that
the Earth moves round the Sun as the other planets do.

For, if the Sun moyes about the Larth, the Earth’s attractive
power must draw the Suntowards it from the line of prajection,
80 as to bend its motion into a curve. But the Sun bemg at
Jeast 227,000 times as heavy as the Ilarth, by being so much
weightier, asits quantity of matter is greater, it must move
227,000 times as slowly toward the Earth, usx'tho Farth docs
toward the Sun; and, consequently, the Eardi would fall to
the Sun in a short time, if it had not a very stxong projectile
motion to cayry it off. The Earth, therefore, as \ell as every
ether planet in the system, must have a rectilincal mpulse, to
The abscl- prcv?nt its !ullmg into the Sun. '.Ik;.any, glat gre-
ityofsuppos.  Vitation retains all the other planets in ther orbits
ing the Earth without affecting the Earth, which is placed bétWion
at et the orbits of Mars and Venus, is as absurd as to sup-"
pose that 6 cannon bullets might be projected upwards to dif-
ferent heights in the air, and that 5 of them should fill down
to the ground ; but the 6th, which is neither the hig/ est nor
the Jowest, should remain suspended in the air witlmt;' falling,
and the Earth move round about it. '

109. There is no such thing in nature as a heavy bpdy mov.-
"ing round a light one as its centre of motion. A pebile fasten-
ed toa mill-stone by a string, may, by an easy, impulsgf be made
to circulate round the mill-stone: but no impulse can make a
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mill-stone circulate round a loose pebble, for the mill-stone
would go off, and carry the pebble along with it.

110. The Sun is so immensely bigger and heavier than the

th, (see chap. IX), that if he was moved out of his place,

419’.4»9.{1(,&‘; Larth, but all the other planets, if they were united

nto onc mass, would be carricd along with the Sun, as the peb-
ble would be with the wmill-stone.

111. By considering the law of gravitation, which takes place
throughout the sular system, in another light, it will be evident
that the Earth moves round the Sun in a year, and not the Sun
round the Earth. It has been shewn (§ 106) that gy, jyrmony
the powcer of gravity decreases as the square of the of the celestial
distance incrcases; and from this it follows with ma- o8
thematical certainty, that when two or more bodies move round
“another as their *centre of motion, the squares of their periodic
times will be to one another in the same proportion, as the cubes
of their distances 1from the central body. This holds Kepler's law.
precisely with regard to the planets round the Sun, )
and the satellites round, the planets; the relative distances of all
which are well known.  But, if we suppose the Sun to move
round the Earth, and compare its period with the Moon’s by
the above rule, it will be found that the Sun would takeno less
than 178,510 days to move round the Earth, in which case our
year would be 475 times as long as it now is.  To this we may
add, that the aepects of increase and decrease of the planets, the
times of theirysceming to stand still, and to move direct and re-

wer precisely to the Earth’s motion; but not at all
withqut introducing the most absurd and monstrous
s, "which would destroy all harmony, order, and sim-
plicity sn the system. Moreover, if the Earth be supposed to
f&.:ﬁ'still, and the stars to revolve in free spaces about the
Sarth in 24 hours, it is certain that the forces by which the stars
I;evolve in their orbits are not directed tb the Earth, but to the
~sentres of the several orbits; that is, of the several g 0o o
%’M ircles which the stars on different sides of ty of suppos-
the equajor describe every day: and the like infer- & ;:';:::
cnces may be drawn from the supposed diurnal mo- move round
tion of te planets, since they are never in the equi- ° Ean-
noctial bt twice, in their courses with regard to the starry hea-;
vens. t, that forces should be directed to no central body,
on which Yhey physically depend, but to innumerable imaginary
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points in the axis of the Earth produced to the poles of the hea-
vens, is an hypothesis too absurd to be entertained by any ra-
tional creature. And it is still more absurd to-imagine, that
these forces should increase exactly in proportion to the distance
from this axis; for thisis an indication of an iluwm&g’;
whereas the force of attraction is found to decrease in receding
from the fountain from whence it flows. But the farther any star
is from the quiescent pole, the greater must be the orbit which
it describes; and yet it appears to go round in the same time as
the nearest star to the pole does. And if' we take into considera-
tion the two-fold motion observed in the stars, one diurnal ronnd
the axis of the Earth in 24 hours, and the other round the axis
of the ccliptic in 25,920 years, § 251, it would require an ex-
plication of such a perplexed composition of forees, as could by
no means be reconciled with any physical theotty.? '
Ohjections 112. There is but one objection of any weight that
instthe  can be made against the Karth's motion round the
“arth’smo- s 4 e . . . .
tonanswer. Sun; which is, that in opposite points of the Earth's
el orbit, its axis, which always kecps a parallel direc-
tion, would point to different fixed stars, which is not found to
be fact. But this objection is easily removed, by considering
the immense distance of' the stars in respect of the diameter of
the Farth’s orbit, the latter being no more than a point when
compared to the former. If we lay a ruler oy the side of a
table, and along the cdge of the ruler view the tup of a spire at
10 miles distance, then lay the ruler on the oppogite side of the
table in a parallel situation to what it had before, ad the spire
will still appear along the edge of the ruler,, becau;*: our eyes,
even when assisted by the best instruments, are&icapatie of dis-
tinguishing so small a change at so great a distance.

118. Dr. Bradley, our present astronomer royal, hasmurd_
by a long series of the most accurate observations, that there is’
a small apparent motion of the fixed stars, occasioned by the
aberration of their light, and so exactly answering to an annual
motion of the Earth, as evinces the same, even to g"mathe.

2 The striking difference between the light of the fixed stars and that off the planets,
is » strong proof that the former shine by their own light, and have n{ connection
with our system.  The lustre of the star Sirius is much more brillifit than that
of Mercury end Venns, which receive most light from the Sun ; mnd gt Sirius is
wwwimwow&dﬁle Sidus. te must al

i difference between reflacted ov borrowed light, and/that which is
i irect ; a8 & considerable quantity of light is lost by reflectiohemmEd.
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matical demonstration. © Those who are qualified to read the
doctor’s modest account of this great discovery, may consult
the Philosophical Transactions, No. 406. Or they*may find
g treated of at large by Drs. Smith,> Long,* Desaguliers®
&utherﬁmn} Mr. Maclaurin,® and M. de la Caille.”

114. It is true that the Sun seems to change his Why the
place daily, %0 as to make a tour round the Starry Sun appesrs
heavens in a year. But whether the Sun or Earth o change
moves, this appearance will be the same ; for, when
the Farth is in any part of the heavens, the Sun will appear in
the opposite.  And therefore, this appearance can be no objec-
tion against the motion of the Earth.

115. It is well known to every person who has sailed on
,smooth water, or becn carricd by a stream in & calm, that how-
ever fast the vessel goes, he does not feel its progressive motion.
The motion of the Earth is incomparably more smooth and
uniform than that of a ship, or any machine made and moved
by human art: and therefore it is not to be imagined that we
can feel its motion.  »

1'16. We find t.h.nt the Sun, and those pla-nets On e Fart's
which there are visible spots, turn round their axes, motion on .
for the spots move regularly over their discs.* From i “:&
hence we may reasonably conclude, that the other
planets, on which we see no spots, and the Earth, which is
likewise a plarct, have such rotations. But being incapable of
leaving the Farth, and viewing it at a distance, and its rotation
being smogth and uniform, we can neither see it move on its
axis as o the planets, nor feel ourselves affected by its
motion.f Yet there is one effect of such a motion, which will
enably us to judge with certainty whether the Earth revolves on
3t ‘axis or not. All globes which do not turn round their axis
will be perfect spheres, on account of the equality of the weight
of bodies on their surfaces ; especially of the fluid parts. But
wil globes whiéh turn on their axes will be oblate spheroids;
that 1s;}their surfaces will be higher, or farther from the centre,

’ b. 1, § 1178. , ¢ Astronomy, b. 2, § 838.

s y vol. i, p. 401. .
L of Newton’s Philosoph. Discoveries, b. 3, c. 2, §3.

’ d’Astronomis, § 381.

]

The fabe of the Sun, Moo, ec any planet, as it sppears to the eye, is ealled its



5 THE COPERNICAN SYSTEM DEMONSTRATED. CH: IIT.
in the equatorial than in the polar regions; for, as the equa-
torial parts move quickest, they will recede farthest from the
axis of mbtion, and enlarge the equatorial diameter. That our
Earth is really of this figure, is demonstrable from the uneque
vibrations of a pendulum, and the unequal leW degrees
in different latitudes. Since then the Earth is higher at the
equator than at the poles, the sea, which naturally runs down-
ward, or towards the places which are nearest the centre, would
run towards the polar regions, and leave the cquatorial parts
dry, if the centritugal force of these parts, by which the waters
were carried thither, did not heep them from returmng. The
Earth’s equatorial diameter is 36 imles longer than its aus®

All bodies 117. Bodies near the poles are heavier than those
heavier at the towartls the equator, because they are nearer the
{f‘; m Earth's centre, where the whole forct of the Earth's
be at the attraction 1~ accumulated. They are also heavier,
equator. because their centnfugal force 15 less, on account of
their diurnal mouon bemg <ower  For both these reawns,
bodies carried from the poles towards she equator. gradually
lose part of their weight. Expariments prove that a pendulum,
which vibrates seconds near the poles, vibiates slower near
the equator, which thews, that 1t s highter, or less attiacted
there. "1'o make 1t oscillate i the same tiue, 1t 1 found need +-
sary to diminish 1ts length By companing the dafferent lengths
of pendulums swinging sceonds at the equator ahd at London,
it is found that a pendulum must be 2,':‘09,. Imes shorter at the
equator than at the poles! A lne iy the twcl['t.h\part of an
inch. Vi '
How they 118. If the Earth tumed round#iis axk m 8=
might lse 43", the centrifugal force would be equal " o the
all her  power of gravity at the equator; and all

veight there would entirely lose their weight. If the Farth
revolved quicker, they would all fly off and leave 1t.

The Earis 119 A person on the Farth can nb more be ser
moton can-  sible of its undisturbed motion on its axis, “at one
notbefslt in the cabin of a ship on smooth water can} be sen-

't

’See§70, i
' By comparing the cbservations made at Pans and Spitzhergen, thelength of &
at the equator 18 468.927 bnes English, and the length of a jlendulum at
thepol. 1.469 lincs, so that a pendulum must be 2,%%% Imen]‘ shorter at
the cquator than at the poles.—Ed.
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sible of the ship's motion when it turns gently and umiformly
round. It is therefore no argument against the Earth's diurnal
motion, that we do not feel it ; nor is the apparent revolutions
of the celestial bodies every day, a proof of the reality of these
motions ; {uirhether we or they revolve, the appearance is the
very same. A person looking through the cabin windows of a
ship as strongly fancies® the objects on land to-go round whea
the ship'turns, as if they were actually in motion.

120. 1t we could translate ourselves from planet to planet,
we chould «till find that the stars would appear of the same
magnitudes, and at the same distances from each other, as they
do to us here, because the width of the remotest planet’s orbit
bears no sensible proportion to the distance of the stars, But
Jhen, the heavens would seem to revolve about very different
*axes. and comseuenly, those quicscent points, which T the dif-
are our poles in the heavens, would seem to revolve ferent planets
ahout other pomnts, which, though apparently in mo- “" h‘"‘:"
tion as seen from the Earth, w ould be at rest as seen mm round
from any other planet.s Thus the axis of Venus, on differeat
whieh hes alwost at right angles to the axis of the
Earth, would have its motionless poles in two opposife points
of the heavens lving almost in our equinoctial, where the mo-
ton appears quickest, because it is seemingly performed in the
greatest circle.  And the very poles, which are at rest to us,
have the quickest motion of all as seen from Venus. To Mars
and Jupiter the heavens appear to turn round with very dif-
ferent velocjties on the same axis, whose poles are about 233°
from ourn A Were we on Jupiter, we should be at first amazed
at the rfpid mdion of the heavens; the Sun and stars going
round 4n §* 56™. Could we go from thence to Venus, we should
be 45 much surpriscd at the slowness of the heavenly motions ;
the Sun going but once round in 584", and the stars in 5400,
And could we go from Venus to the Moon, we should see the

vens turn round with a yet slower motion, the Sun in $08",
the star: in 655" As it is impossible these various circumvo.
lutions i3 such different times, and on such different axes, can
be real, %o it is unreasonable to suppose the heavens to revolve
about ouf Earth more than it does about any other planet.
When e reflect on the vast distance of the fixed stars, to
which 198,000,000 of miles, the diameter of the Earth’s orbit,
is but & pdipt, We are filled with’ amazement at the jmmensity
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of their distance. But if we try to frame an idea of the ex-
treme rapidity with which the stars must move, if they move
round the Earth in 24 hours, the thought becomes so much
too big for our imaginationr, that we can no more conceive ¥
than we do infinity or eternity. If the Sun wgs«® go round
the Earth in 24 hours, he must travel upwards of 300,000
miles in a minute ; but the stars being #t least 400,000 times
as far from the Sun as the Sun is from us, thosc about the
equator must move 400,000 times as quick. And all this to
serve 1o other purpose than what can be as fully and much
more umply obtained by the Earth’s s turning round eastward,
as on an axis, every 24 hours, causing therebv an apparent
diurnal motion of the Sun westward, and bnngmg about the
alternate returns of day and night.
Objectins 121. As to the common ohjections against the
instthe  Earth’s motion on its axis, they are all easily an-
arnal ,':: swered and sct aside. That it may tura without be-
tionsnswer-  ing seen or felt by us to do so, has been already
o shewn, § 119. But some are apt to imagmne that, if
the Earth turns castward (as it certainly does, if it turns at all),
a ballifired perpendicularly upward in the air must fall con.
siderably westward of the place it was projected from. The
objection, which at first sccms to have some weight, will be found
to have none at all, when we consider that the gun and ball
partake of the Earth’s motion; and therefore the ball being
carried forward with the air as quick as the earth and air turn,
must fall down on the same place. A stone let fall from the
top of a main-mast, if it meets with no obstacle, ¢ 'Ils on the
deck as near the foet of the mast when the ship-Sails a8 when it
doesmiot.  If an inverted bottle, full of liquor, be hung.up to
the ceiling of the cabin, and a small hole be made in the cork
to let the liquor drop through on the floor, the drops will fall
just as far forward on the floor when the ship sails as when it is
at rest. And gnats.or flies can as easily dance among one ar-
othennamovmgen.bmuma fixed chamber., As for those
scripture expressions which seem to contradict the Eaith's mo-
tion, this general answer may be made to them all, viz. it is
plmn from many mstanm, that the scriptures were {lever in-
tended to instruct us in philosophy or astronomy; anM there.
fore, on those subjects, expruuommtmdnyn?ﬁeuken
in 4 litegal sense, but for the most part as accomyodated to

t
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the common apprehensions of mankind. .Men of sense in all
ages, when not treating of the sciences purposely, have followed
this method; and it would be in vain to follow any other in
gldressing ourselves to the vulgar, or bulk of any community.
anses calls the Moon a great luminary (as it is in the Hebrew)
a» well as the Sun: but the Moon is known to be an opaque
body, and the smallest that astronomers have observed in the
heavens, and shines upon us not by any inherent light of its
own, but by reflecting the light of the Sun. If Moses had
known this, and told the Israclites so, they would bave stared
at him; and considered him rather as a madman, than as a
person commissioned by the Almighty to be their leader.

' .+ * CHAP. IV.

THE PHENOMENA OF THF HEAVENS AS SEEN FROM DIFFERENT
PARTS OF THE EARTH.

122. W are kept to the Earth's surface on all sides We are

by the power of its central attraction, which, laying to the Earth
hold of all bodies according to their densities or > 877
quantities of matter, without regard to their bulks, constitutes
what we call their weight. And having the sky over our heads,
go where we willy and our feet towards the centre of the Earth,
we call it up over our heads, and down under our feet; al-
though the same right line which is down to us, if continued
through ang beyond the oppoaite side of the Earth, would be
up to thy/inhistants on the opposite side. For, the inhabi-
tanis », i, e, m, 8 @, ¢, I, stand with their fect toward the
Farth’s centre C; and have the same figure of sky prae 11,
N, I, E, M, S, 0, Q, L, over their heads. There- Fis- 1.
{ore, the point §' is as directly upward to the inhabitant & on
the south pole, as N is to the inhabitant u on the north pole ;
50 5°F to the inhabitant ¢ supposed to be on the north end of
Peru ; and Q to the opposite inhabitant ¢ on the middle of the
ual{md Sunatra. Euch of these observers is BUL- | roden
prised the his opposite or antipode can stand with
his head Janging downwards. But let either ga to the other,
and he wi tell him that he stood as upright and firm on the
place he was, as he now stands where heis. To all these
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cobeervers the Sun,. Moon, and stars seem to turn round the
Axisot@n Points N and S, as the poles of the fixed axis NC'S,
vold- ,  because the Earth does really tum round the ma-
Twpels.  thematical line nCs as round an axis, of which nés
the morth pole, and s the south pole. The jnhabitant I
Feg 2 | affirms, “that he is on the uppermost side of the
Earth, and wonders how another at L can stand
on the undermost side with his head hanging downwards. But
U in the meantime forgets that in 12 hours time he will be car-
ried half round with the Earth, and then be in the very situa-
tion that L now is, although as far from lim as before. And
yet, when U comes there, he will find no difference as to his
manner of standing ; only he will see the opposite half of the
heavens, and imagine the heavens to have gone half round the
Earth. v '
How our 123. When we sce a globe hung up in a room, we
&:" might cannot help imagining it to have an upper and an
”.:: = under side, and jmmediately form a like idea of the
underside.  Earth ; from whence we cogelude, that it 1s as im-
possible for people to stand on the under side of the Earth, as
for pebbles to lie on the under side of a common globe, which
instantly fall down from it to the ground ; and well they may,
because the attraction of the Earth being greater than the at-
traction of the globe, pulls them away. Just so would be the
case with our Earth, if it were placed near a globe much bigger
than itself, such as Jupiter, for then it would really have an
upper and an under side with respect to that large globe, which,
by its attraction, would pull away every thing frop) the side of
the Earth next to it, and only those on the top ot t}n\ opposite
or ypper side could remain upon it. But there is no larger
globe near enough our Earth to overcome its central attraction,
and therefore it has no such thing as an upper and an under
side ; for all bodies on or near its surface, even to the Moon,
* gpavitate towards its centre. .
124. Let any man imagine that the Earth and every thing
but himself is taken away, and he left alone in the midst of in-
definite space ; he could then bave no idea of up or down ; and
were his pockets full of gold, he might take the pi
‘one, and throw them away gn all sides of him, wi
of losing them ; for the attraction of his
«them all back by the ways they went, and Hfe would be
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down to every one of them. But thew, if & gan or any other.
large body were created, and placed in any past of epace svweral
millions of miles from hinl, he woltld be attracieltowardy
and could not save himself from fallmg down to it. by
125. The Farth’s bulk is but a point, as that st pis £t ¢
C compared to the heavens; and therefore e P 1.
habitant upon it, let him be where he will, a8 at 0, ¢, m, s, &e
sees half of the hedvens. The inhabitant & on the north pole
of the Earth, constantly sees the hemisphere ENQ ; and having
the north“pole V of the heavens just over his head, My berizen®
coincides with the celestial equator ECQ. There- g4 o g
fore all the stars i the northern hemisphere ENQ, deavens ¢l
between the equator and north pole, appear to turn Jiictosn in-
round the line NC, moving parailel to the horizon. any o
The equatorial *stars keep 1n the horizon, and all
those in the southérn hemsphere ESQ are invisible. The Rke
phenomena are seen by the observer s on the south pale, wiﬁ'
respect to the hemisphere £SQ, and to him the opposite hemis-
phere 18 always inviubla. Hence, under cither pole, only one-
half of the hcavens is seen; for those parts which are once vi-
sible never sgt, and those which are once invisible never rise.
But the echptic F¥C X, or orbit which tke Sun appears to de-
scribe once a-year by the Earth’s annual motion, has the half
¥C constantly above the horizen ECQ of the north pole n, and
the other half CX always below it. Therefore, Phmomens
whilst the Sun deseribes the northern half F'C of the % the poles.
ecliptic, he neither sets to the north pole nor rises to the south;
and whilst he deseribes the southern half C.X, he neither sets to
the south palé, nor rises ® the north. The same things are
true, with respeet to the Moon, only with this difference, that as
the Sun describes the ecliptic but once a-year, he is for half' that
time visible to each pole in its tarn, and as long imvisible; but
as the Moon goes round the ecliptic in 7% 8, sheivanly wisible
for 181 16% and as long invisible. to each pole by turns. All
the plinets likewise Fise and set to the peles, because e
odiumcutobliq“dliin halves by the hiwizon ofthe poles
When te Sun (in his apparent way from X) atrives at £
which is 4n the 20th of March, ha is just rising to an obaerver,
atwon mhple,'-d %o another at # on the seqth

,.xg‘ T 4 o ¥ ﬁt'l 3..:
1 The of o povp'y ] mm*
around, s ealled his an\lﬁm?’ pmndn.:hnyhn
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pole. From C he rises bigher aud higher in every apparent
w vevolution, till he comey to the highest point of the
¥, ‘on the 81t of June, and then he is at his greatest
dliitude, which is 283°, or the arc Ey, equal to his greatest
north declination ; and from thence he seems to descend gra-
dually in every a nt circumvolution, till he sets at C on
the 23d of September, and then he goes to exhibit the like ap-
pearances at the south pole for the other half of the yenr.
Hence, the Sun's apparent motion round the Earth is not in pa-
ralle] circles, but in spirals, such as might be represesttd by
thread wound round a globe from tropic to tropic, the spirals
ing at some distance from one another about the cyuator,
and gradually nearer to cach other as they approach toward the

126. If the observer be anywhert: on the terres-
a ﬂ squs- trial equator £Cg, as suppose at ¢, he is 1 the planc
of the celestial equator, or under the equinoctal
Fig 1. ECQ; and the axis of the Earth nCs is cuincident
with the plane of his horizon, extended out to N
and S, the north and south poles of the heavens. As the Earth
turns round the line NCS, the whole henvens MOLZ scem to
turn round the same line, but the contrary way. Itis plain
that this observer has the celestial poles constantly in his ho-
rizon, and that his horizon cuts the ditrnal paths of all the
celestial bodies perpendicularly and in halves. Thercfore the
Sun, planets, and stars rise every day, and ascend perpendicu-
Iy above the horizon for 6 hours, and passing aver the meri-
dian, descend in the same manner for the six hours following ;
then set in the horizon, and continde 12 hours below it. Con-
sequently, at the equator the days and nights are equally Jong
throughout the year. When the observer is in the situation ¢,
he sces the hemisphere SEN, but in 12 hours after he is car-
vied half round the Earth's axis to g, sad shen the hemisphere
becomes visible to him, and SEN disappears. Thus we
that to an obwerver st either of the poles one-half of the
oky is always visihle, nﬂtheotherhlfmer scen ; but toan
olerver on the biguator, the whele sky is seen avery 24 hours.
The figure here referred" to represents a celestisl globe of
“hvmguwreumlgldn within it; after the shamer of
tiF'ginse sphere invented ¥y my generous -friend /Or. Lovg,
' professor of astroslidy ln ‘Cambridge.
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127. If a globe be held sidewis¥ td the eye at B
some distance, and so that ncither of its piles tan Hé it s
seen, the equator ECQ, and all cirdes parallel to it, as DL,
yxx, abX, MO, &c. will appear tobe sraight lines, as projerted
in this figure, which is requisite to b mentiondd here, beeause
we shall have occasion, to call them circles in the following ar-
ticles of this chapter? * » "

128. Let us now suppose that the observer hgh
gone from the equator ¢ towards the north pole n, between the
and that he stops at i, from which place he then stes ;&:““‘
the hemisphere MEINL, his horizon MCL having
shifted as many degrees from the celestial poles N and §) as he
has travelled from under the equinoctial £. *And as the heavens
seem constantly to turn round the line NC as an axis, all those
stars which-are not so many degrees from the north pole NV as
the observer is from the equinoctial, namely, the stars north
of the parallel DL, never sct below the horizon ; and those which
are south of the parallel /O never rise ahove it. Hence the
former of these two parallel circles is called the circle of perpe-
tual appantion, and the latter the circle of perpe- The cirdesof
tual occultation, but all the stars between these two perpetual ap-
circles rise and set cvery day. Let us imagine many Panton sad
circles to be drawn between these two, and parallel
to them ; those which are on the north side of the equinoctial
will be unequally cut by the horlzon MCL, having larger por-
tions above the horizon than below it, and the more s, as th
are ncarer to the circle of perpetual apparition ; but the mnz
happens to those on the south sidé of the equinoctial, whilst the
equinoctial is divided in two equal parts by the horison.
Hence, by the apparent turning of the heavens, the northern
stars describe gveater ares or pdrtions of circles above the ho-
rizon than below it; and'the greater, as they sre farther from
the equinoctial towards the cirdle of perpe son, ‘Whilst
the contrary happens to all stars'south of thé equinoctial ; bttt
those upoh it deseribe equal arcs both dbove and below the fo®
rigon, and therefore they are just as long above o» below it.  *

128. An observer on the equator has no circle of perpereml’

c t
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?ﬁﬁmwmw betatge all the stars, together with
Sun sud Moon, fise and set¥o him every day. But, asa
bare view of the ¢ sufficient to shew that these two
citcles DL and MO are just as far from the poles N and § s
thie observet &t § Yor one opposite to him at o) is from the cqua-
tor ECQ; 1 is plain, thet if an observer begins to travel from
the equator towards either pole, his circle of perpetual appa-
rition rites fipm that pole as from a point, and his circle of
occdltation from the other. As the observer ad-
vances towards the nearer pole, these two cucles enlarge themr
diameters, and come ncarer one another, until he comes to the
pole, and then they meet and coincide in the equinactial. On
different sides of the equator, to observers at cqual distances
from it, the cirle of petpetual apparition to one is the circle of
perpetual octultation to the other.

130. Because the stars never vary their distances
surs slmays  from the equinoctal, <o as to be sensible in an age,
doscrtbe the the lengths of their diurnal and nocturnal ares are
rm always the same to the satme places on the Farth.
sed e Bun But as the Earth goes round the Sun every vear m

the ecliptic, one-half of which is on the north mde of
the equinoctial, and the other half on its south side, the Sun
to change his place every day, go as to go once round
the circle YCX every year, § 114. Therefore, whilst the Sim
to advance northward, from having described the po-
a b X touching the ecliptic in X, the days continually
Tngthen and the nights shorten, until he comes to ¥, and de-
scribes the parallel y = 2, when the days are at the longest and
"the nights at the shortest; for then, as the Sun goes no farther
northward, the greatest portion that is possible of the diurnal
&re yx s above the horizon of the inhahitant §, and the smallest
sz below it. As the sun declines southward from y,
Peseri liurnal and greater notturnal arcs, or por-
"W of circles every day, which causcth the ddys to shorten
"atd nights Yo 'untll he arrives agwin st the parallel
ab X; which"héving enly, the smafl part a § above the horizon
' MCL, and the part 5 X'below it, the days are ‘it the
« shortest, and tH8 nights at the longest, becanse the Stmy re-
no farther south, buf retarns northiward saf'before. It
to see that the Sun must B W the eguipbitial ECQ
twite evéry yesr, and thel the days and hights are equally
) ]

[}
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long, that is 12 hours each. These hints sarve at present to
give an idea of some of the appesrances resulting from the-meo.
tions of the Earth, which will be moee particularly described
1 the 10th chapter.

181. To an observer at either pole, the horison w1,
and equinoctial are coincident, and the Sun and stars Ponlld,
seem to move parallel tosthe horizon ; therefore such :E‘.;’b..,
an observer is said to have a parallel position of ™
the sphere. To an observer anywhere, between either pole
and equator, thopumllelsdelcnbedbytheﬁnmdmn
are cut obhquely by the horizon, and therefore he is said to
have an obhque position of the sphere. To an observer any-
whcre on the equator, the parallels of moﬂondesmbedly the
Sun and stars, ave cut perpendicularly, or at right angles, by
“the borizon, and thetefore he is said to have a right position of
the sphere. And these three are all the different ways thas
the sphere can be posited to all people on the earth,

CHAP. V
L)
THT PHCNOMENA OF THE HEAVENS AS SEEN FROM DIFFERENT
PARTS OF THE SOLAR SYSTEM.

182. So vastly great is the distance of the starry heavens, that
if viewed from any part of the solar system, or even many mil-
lions of mles beyond it, the appearance would be the very
same to us. The Sun and stars would all seem to be fixed on
onie concave surface, of which the spectator’s eye would be the
centre.  But the planets being much nearer than the stars,
their appearances will vary comsiderably with the place from
which they ape viewed.

188. lf&eMnﬂmWMM&np&
mwdlmuhauthemdmmu&emwap
tinually changing their places with respect to the stars, and fo
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times slqwer, be lolhe'!ltumthe‘ esst ‘of the Sut,
. ang ot their gyen seem q ; »%dm
rdiion, exdent, and ol thon'pum in "
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where these digressions begin and end, would be more or Jess,
seoerding to the respoctive distances of the several planets from
the 8un; but iw the same planet they would continue invariably
the same at all times, like pendulums of unequal lengths oscil-
lating together, the shorter move quick and go over a small
space, the longer move oow and go over a large space.  If the
observer is at rest v.ithin the orbits of the plancts, but not near
the cémgon centre, thea apparent motions will be irregular,
but less so than in thg formier cese, , Each of the several pla-
nets will appear bigger and less by turns as they approach
pearer to or recede farther from the observer, the nearest vary-
ing most in their size. They will also move quicker or slower
with regard to the fixcd stars, but will never be retrograde or
stationary. -

134. If an observer in motion views the heavens, the same
apparent irregularitics will be observed, but with some varia-
tion resulting from his own motion. If he is on a planet which
has a rotation on its axis, not being scusible of his own motion,
ke will imagine the whole heavens, Sun, planets, and stars, to
reveolve about himn in the same time that his planct turns round,
bt the contrary way, and will not be easily convinced of the
deception.  If his planct moves round the Sun, the same irre-
gularities and aspects as above mentioned will appear n the
motions of the other planets; and the Sun will scem to move
among the fixed stars or signs, directly oppusite to those in
which his planet moves, changingits place every day as he does.
In a word, whether our observer be in motion or at rest, whe-
ther within or without the orbits of the planets, their motions
will seem irregular, intricate, and perplexed, unless he is in the
oentre of the system, and from thence the most beautiful order
and.barmony will be veen.

The sun'’s 185. The Sun being the centrs of all the pla-
-matre she  pets’ Mmotions, the only place from which their mo-
ﬂm tions could be truly aeen, 'is the Sun's centre, where
zum.r the observerbeing supposed not to tura yound with
places ot he Ahe Spm (which, in this case,.we must amagine to
mﬂhlmuparmlndy). would ‘e all thestars at
X rest, and seemingly equidistant from hiw. - To such
4n cbeerver, the planets would uppear to Sipve among thé fixed
starqyin a simple, regular, and uniforns magnar ¢ anly, that as
in egud] times thay dencribe equal avess, they would describe
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spachs somewhat unequal, because they move in elliptic orbits, §
155. Their motions would also'appegr to be what they are in
fact, the same way round the heavens, in paths which cross at
small angles in different parts of the heavens, and then separate
a little from one another, § 20. So that, if the solar astrono-
mer should make the path or orbit of any planet a standard,
and consider it as havimg no obliquity, § 201, he would judge
the paths of all the gest to be inclined to it, each planet having
onc-half of its path on one side, and the other half on the op-
posite side of the standard path or orbit. And if he should
ever sce all the plamets start from a conjunctidn with each
other,® Mercury would move so much faster than Venus as to
overtake her again, (though not in the same point of the hea-
yens) in a quantity of time almost equal to 145 of our days
and nights, or, hs we commonly call them, natural days, which
include both the days and nights. Venus would move so much
faster than the Earth, as to overtake it again in 585 natural
days. The Earth so much faster than Mars, as to overtake
him again in $78 such days. Mars so much faster than Jupi-
ter, as to overtakhe him again in 817 such days; and Jupiter so
much faster than Saturn, as to overtahe him again in 7236 days,
all of our time.
136. But as our solar astronomer could have no The i
idea of measuring the courses of the plauets by our m,"ﬁ'.
day», he would probably take the period of Mcrcu- ﬁn g
ry, which is the quickest moving planet, for a mea- probably
surc to compare the periodsof the others by. As all :‘::;3?;
the stars would appear quiescent to him, he would gistances and
never think that they had any dependence upon the wﬁ'
Sun; but would naturally imagine that the planets '
have, because they move round the Sun. And it is by ne
means improbable, that he would conclude those planets, whese
periods are quickest, to move in orbits proportionably less then
those do which make slower circuits. But being destitute of
a method for finding their parallaxes, or, more: propetly speak-
ing, as they could haye no perallax to himy he could never
know suy thing of their real distances or magnitudes. Their

4 s
pm”ammp&amm-a&ndn ﬂ“hﬂw
All de ros" from the sight; (mummuwmmh.

teruections of all thile ofbfls wite colncident, which they are nok: m'll,)lm
when they wese o1l in a live crossing thewiandard orbit at right sngless 4
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telative distances he might perhaps guess at by their pefiods,
wod from thence infer mmethmg of truth concerning their re-
lative bulks, by omparing their apparent bulks with one ano-
ther. For example, Jupiter appearmg bigger to Lim than
Mars, he would conclude it to he much ngger 1n fact ; because
it appears sv, and must be farther from him, on aceount of its
longer period. Mercury and the Earth would seem much
of the same bulk, but by comparing its pariod with the Larth's,
he would conclude that the Earth is muith farther from him
than Mercury, and, conscquently, that it must be really big-
ger, thoughsepparently of the samne bulk; and éo of the rest.
And as eath planet would appear somewhat bigger in one part
of it orbit than in the opposite, and to move quickest when it
seems biggest, the observer would be at no loss to conclude
that all the plnnets move in’ orbits, of which the Sun 1 not
precisely in the centre,
The plavet.  137. The apparent magnitudes of the planets eon-
ary motions 3 glly change as scen from the E tarth, which de-
my‘ soen from  twonstrates that tlu.y approash nearer to 1t, and re-
e e cede farther from it by turns. From these pheno-
mena, and their apparent motions among. the stars, they scem
to describe Jooped curves, which never 1eturn mito themclves,
Venus's path excepted.  And if %e were to trace out all ther
apparcnt paths, and put the figures of them together in one
diagram, they would appear s0 anomalous and confusd, that
1o man in his senses could belicve them ta be representations
of their real paths’; but would immediately conclude, that such
nt irrcgularitics must be owing to some optic illusions.
Aad, after a good deal of inquiry, he might perhaps be ata
-Joss to find out the true cause of theso irregularitics ; especially
if be were one of those who would rather, with the greatest
justice, charge frail man with ignorance, than the Almighty
with being the authar of such confusion.
Those o . 138 Dr. Long, in his first volume of Astronamy,
Mercury and has given us figures of the apparent paths of all the
mmlﬂ'- planets, separatcly fram Cassini ; and on sesing them
h 1 first thought of attempting to trace some of them
by gmachine (the Orvery, at.the beginnjng of the Plates) that
the motions,of the Sun, Mercury, Venus, the Earth, and
according to the Copernican systesp. Having taken off
the Sug, Mercury, and Venus, X put black lead pendils in their
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places, with the points turned upward; and fixed a circular
sheet of paste-board so, that the Earth kept constintly under
its centre in going round the Sun; and the paste-board kept
its parallelism. Then pressing gently with one hand upon the
paste-board, to make it touch the three pencils, with the other
hand I turned the winch that moves the whole machinery:
und as the Earth, together with the pencils in the places of
Mercury and Venus, had their proper motions round pigee 111,
the Sun's peneil, which kept at rest in the centre of Fig. 1.

the machine, all the three” pencils described a diagram, from
which the first figure of the third plate is truly eopied in a
smaller size. As the Earth moved round the Sun, the Sun's
pencil deseribed the ddtted circle of months, whilst Mercury's
Jencil drew the curve with the greatest number of loops, and
Venus's thet with the fewest. In their inferior conjunctions
they come as much ncarer the Farth, or “within the circle of
the Sun's apparent motion round the heavens, as they go be-
vond it in their superior conjunctions. On cach side of the
loaps they appear stationary ; in that part of cach loop next the
Farth retrograde; and in all the rest of their paths direct.

If Cassini’s figures of the paths of the Sun, Mercury, and
Venne, were put together, the figure as abpve traced out, would be
exactly like them. It represents the Sun's apparent motion round
the ecliptic, which is the same bvery vear; Mercury’s motion
for seven years, and Venus's for eight ; in which time Mercury's
path makes 23 loops, crossing itself so many times, and Venus's
only 5. In 8 years Venus falls so nearly into the same appa-
rent path again, as to deviate very little from it in some ages;
bit in what number of years Mercury and the rest of the
planets would describe the same visible paths over again, I
cannot at present detcrmine. Having finished the above figure
of the paths of Mercury and Venus, I put the ecliptic round
them as in the Doctor’s book ; and added the dotted lines from
the Earth to the ecliptic for shewing Mercury's apparent or
geocentric motion therein for one year; in which time his path
1oakes three loops, And goes on a little farther, which shews that
he has three inferide; wid as many superior, cotjunctions with
the Sun in that time ; hod also that he is sixitimes stationary, ,
anddnieereﬂogndd.' Let us now trace his motion for one
mjn the ﬁm €y '

Suppose’sMeicury to be .setting out from 4 towards B
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Fig L. (hetween the earth and left hand corner of the plate),
and as seen from the carth, his motion will then be
direct. or according to the order of the wens But when he
conies to B, he appears to stand stull mthe 21 of } at F, as
<hesn by the line BI. Whalst he go ~ trem B to €, the Iino
B F, suppos=d to move with im, goes bachwaid from #' to
or contrary to the order of Nigns 3 and*whan he is at €, he ap-
pears stationary at I', having gene back 115 Now, suppose
him stationary on the 1st of January at (, m) the 10th thereof
he will appear m the heavens as at 90, near 7°, on the 20th he
will be scem as at G ; on the 31st at J1; on the 10th of February
at I; on the 20th at A ; and on the 28th at L ; as the dotted
lincs shew, which are drawn through every 10th day’s motion
in his looped path, and continued to the eclipue.  On the Juth
of March he appears at M ; on the 20th at N'; and-on the 31+t
at 0. On the 10th of April he appears statonary at ; on
the 20th he scems to have gone back agam to (O, and on the
80th he appears stationary at Q, having gone back 11} . Thus
Mercury seems to go forward 4° 11, or 131 ; and 10 go back
only 11° or 12°, at a mean rate. From the 50th of Apnl to
the 10th of May, he seems to move fiom Q to R ; nnd on the
20th he is scen at S, going f in the same manncr agamn,
according to the oxder of Jetters, nnd bachward when they go
back ; which it is necdless to éxplnm eny farther, as the reader
can trace him out so easily, through the rest of the year. The
same appearances happen n Venus's motion; but a- she moves
slower than Mercury, there are longer intervals of time be-
tween them,
Having already, § 120, given some account of the apparent
diurnal motions of the heavens as seen from the different
planets, we shall not trouble the reader any more with that

subject.

CHAP. VI, .

ZHE PTOLEMEAN SYSTEM REFUTED.~ZHE m‘l AND FPHASES
OP MERCURY AND VENUS RXPLAINED. ,

189. Tz Tychonic system, § 97, being wiciently refuted by
the109th article, we shall say nothing more ahout.it.
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140. The Ptolemean system, § 96, which asserts the Earth
to be at rest in the centre of the universe, and all the planets
with the Sun and stars to move round it, is evidently false and
absurd ; for, if this hypothesis were true, Mercury and Venus
could never be hid behind the Sun, as their orbits arc included
within the Sun’s: and, again, thesc two plancts would always

,move direct, and be as 8ften in opposition to the Sun as _in con-
Jjunction with him. But the contrary of all this is true: for
they are just as often behind the Sun as before him, appear as
often to move backwards as forwards, and are so far from being
scen at any time in the side of the heavens opposite to the Sun,
that they were uever seen a quarter of a circle in the heavens
distant from him. '

« 141. These two planets, when viewed at different ,
tunes with a gou'd telescope, appear in all the various of Mercury
shapes of the moon ; which is a plain proof that they **4 Venus
are enlightened hy the Sun, and shine not by any light of their
own: for if they did, they would constantly appear round as the
Sun does ; and could never be seen like dark spots upon the
Sun when they pass directly between him and us.  Their re-
gular phases demonstrate them to be spherical bodies; as may
be shewn by the following *riment.

Ilang an ivory hall by a thread, and let any per- gyperimen
son move it round the flame of a candle, at two or to prove they
three yards distance from your eye; when the ball is are round.
beyond the candle, so as to be almost hid by the flame, its en-
lightened side will be towards you, and appear round like the
full moon: when the ball is between you and the candle, its en-
lightened side will disappear, as the Moon does at the change :
when it is half-way bétween these two positions, it will appesr
half illuminated, like the Moon in her quarters; but in every
other place between these positions, it will appear more or less
horned, or gibbous. If this experiment be made with a flat
circular plate, you may make it appear fully enlightened, or
not enlightened at all; but can never make it seem either
borned or gibbous. . *

142. If you remove about six ot seven yards fron *
the candle, and place yourself so that its flame may Fxeinet
be just about the height of your eye, aid then de- the motims
sire the dther person to taove the ball slowly round ¥, Jfe
the candle as before, keeping it as near of an equal ‘
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height with the lame as he possibly can, the hall will appear to
you not to move in a circle, but to vibiate backward and for-
ward like a pendulum, moving quichest when it is directly be-
tween vou and the candle, and when directly beyond it; and
gradu: nll\ slower as 1t goes farther to the nuht or left side of
the flame, unul it sppears at the greatest distar ee from the
flame ; and then, though it continues o move with the spme
velocity, it will sean to staad still for a moment  In ervery re-
volution it will <hew all the above phases, § 1i1; and if two
balls, 2 smaller and a greater, be moved in this manner reund
the candle, the smaller hall being kept nearest the flumne, and
carried round almost three times as often as the greater, vou
will have a tolerahle good representation of the apparent mo-
tions of Mercury and Venus ; especmlly, i’ the bigger ball de-
scribes a circle almost twice as large in dianieter a< the circle
described by the lesser.
Plae 1L 148. Let 4 B C D E be a part or segment of the
Fig. 3. visible heavens, in which the Sun, Moon, plancts,
and stars, appear to move at the samedistance from the Farth
E. Tor there are certain Jimits beygnd wluch the eve cannot
judge of different distances; as is plun {from the Moon's appear-
ing to be as far from us as thefun and Stars are.  Let the
circle f£g ki k1 m n 0 be the orbit in which Mercury m moves
round the Sun §, according to the order«f the letters  When
Mercury s at £, he disnpptm to the Earth at E, because his
The elonga- cnhghtened side is turned from it; unless he be then
éiens or di- in onc of his nodes, § 20, 25 ; in which case he will
ercory  appear like & davk spot upon the Sun.  When he s
from theSun. gt o in his ombit, he appears at B in the ITegvens,
Westward of tha Sun §, which,is at ('~ when at 4 he appears
at 4, at hix grestest western clongation or distance from the
" Bun; and then seems to stand etill. But, a» he moves from 4
" to i, he appears to go from 4 to B; and scems to be in the
samb place when at 4, as when he was at 2, but not near so big:
~gk k he is hid from the esrth K by the Sun §'; being then in
his superior conjunction. In goiug from k to /, he appears to
move frot C to ); and when be is at % he appesrs slationary
. ot E; being scen as far East from the Sun then, as he was
West from him at 4.* In guing from ® to o in his, arbit, he
to go back again in the Heavepn, from EtoD; sndis
i» the same place (with respect to the Syun) at o, ag when
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he was at 7; but of & larger diameter at o, because he is then
nearet the Earth E : and when he comtes to /; he again passes
by the Sun, and disappears as before. In going from n to A in
his orbit, he seems to go bachward in the 1lcavens from K to
A ; and in going from % to n, he seems to go forward from 4
to E. As he goes on from /. a little of his enlightened side at
,& is scen from K ; at hthe appears 'half full, because half of his
enlightened side is seen ; at i, gibbous, or more than half full ;
and at k he would appear quite full, were he not hid from the

larth F by the sun §. At/ he appears gibbous agdin : at »
half decreased, at o, borned, and at fngw, like the Moon at her
change. e goes gooner from his eastern station at m, to his
vcstern rtation at /%, than from & to » again ; because he goes
Jhrough less than half his orbit in the former case, and more in
the latter. *

144. In the same figure,let FGHIK L M N Plate 11
be the orbit in which Venus v goes round the Sun Fi- 3
S, according to the order of the letters: and let E be the Earth,
as before.  When Venasis at F, she is in her in- 4y, longs-
ferior conjunction; and dlmppears, like the new twncandphe-
Moon, bhecause her dark side is toward the Earth, o Veus
At G, she appears haif cnlightened to the Earth, hike the Moon
in her first quarter: at H she appears gibbous; at J almost full,
her enlightened side being then nearly towards the Liarth; at X
she would appear quite full to the Earth E; but 1s hid from it
by the Sun S': at L she appears upon the decrease, or gibbous;
at M more so; at N ouly half enlightened ; and at F she dis-
appears again. In moving from N to &, she seems
“I;’I[’; bachward in the heavens; and from & to N, 3;'..’,,;{,’.?,.":}
forwards ; but as she describes a much greater por. Jfercury and
tion of her orbit in going from G to N, than from
N to @, she appears much longer direct than retrograde in her
motion. At N and G, she appears stationary, as Merownty
does at n and A.  Mercury, when stationary, seqms to be only
28° from the Stn; #nd Venus, when so, 47°; which is a de-
amonstration that Mercury’s orbit is included within Venus's,
and Venus’s within the Earth’s.

145. Venus, from' her superior conjunction at X to herm-
ferior ¢onjunction at F', is seen on theEastndeoftheSunS
todleEth, snd therefore she shines in the ev qa.,
the Sun sets, and ix called thte evemng star: for, th beiug
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‘ L
Moringand then to the westward of Venus, he must set first.
evening Star, From her inferior conjunction to her superior, she
appears on the west side of the Sun; and therefore
rises before him, for which rcason she is called the morning star.
When she 1s about 2V or G, she shines so bright, that bodies
cast shadows in the night-umed
146. If the Larth kept Always at B, it is cvident that the
stationary places of Mercury and Venus would always be in the
same points of the heavins where they were before.  For ex-
ample : whilst Mcrcury m goes from A to n, according to the
The station. OF0er Of the lettery, he appears to describe the arc
sry places of 4 B C D E in the heavens diregt; and whilst he
ml‘“ goes from n to A, he scems to describe the sanie are
back again, from E to 4, retrograde : always at »
and A he appears stationary at the same poiats ‘E and 4, as be-
fore. But Mercury goes round his orbit from fta fagnin, m
88 days; and yet there are 116 days from any onc of his con-
junctions, or apparent stations, to the same again: and the
places of these conjuctions and station» me found to be about
114° eastward from'the points of the heasens where they were
last before; which proves that the Farth has not kept all that
time at E, but has had a progressive motion in its orhut from £
to¢ Venusalso differs cvery time in the places of her con-
junctions and stations ; but much more than Mercury ; because
as Venus describes a much larger orbit than Mercury docs, the
Earth advances so much the farther in its annual path before
Venus comes round again. '
The dongs- 147. %s Mercufy and Vﬂl}ll, secn from the Earth,
tios of all have their respective elongations from the Sun, and
m"p'h& stationary places; so has the Earth, scen from Mars;
as seen frgm and Mars, seen from Jupiter; and Jupiter, secn from
bim. - Saturn : thut is, to every superior planct, alk the in-
ferior ones have their stations and elongations; as Venus and
Mercury bave to the Earth. As seen from Saturn, Mercury
never goes more than 2}° from the Sun; Venus 4} ; the Earth
6; Mars 9} ; and Jupiter 33} 5 so that Mercury, as secn from
the Earth, has almost as great a digremion or elengation from
.mun,sJupim-eenfromSum ' .

# o plenet Veous i brightest 36 deys batboe aw afhe hee infirior conjncion
ngummmwm . .
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148. Becausc the Earth’s orbit is ineluded within o

the orbits of Mars, Jupiter, and Saturn, they are (e pr;:d“
scen on all sides of the heavens : and are as often in ool mo.
opposition to the Sun as in conjunction with him.
If the Earth stood «till, they would always appear direct in
their motions; never retrograde nor stationary.  But they
scem to go just as often backward as forward; which, if gra-
vity be allowed to exist, affords a sufficient proof of the Earth's
annual motion: and without its ewistence, the planets could
never fall from the tangents of their orbits towards the Sun,
nor could a stone, which is once thrown up from the Earth,
ever fall to the Larth again.

149. As Venus and the Earth are superior planets to Mer-
cury, they shew much the same appearances to him that Mars
2nd Jupitet do to us!  Let Mercury m be at £; Venus v at F,
and the Farth at E; in which situation Venus hides

. L. ate I

the Farth from Mercury; but, being in opposition  Fig. 3.
to the Sun, she shives on Méreury with a full illu- General phe-
mined orb ; though, with respect to the Earth, she m ':h:
is in conjunction with the Sun,aod invisible. When net o an in
Mercury isatf; and \ enus at G, her enlightened side

not being directly tgwards him, she appears a little gibbous, as
Mars does in a like situation to us: but, when, Venus is at 7,
her «nhghtened side is so much toward Mercury at £, that
she appears to him almost of a round figure. At K, Venus
disappcars to Mercury at f; being then hid by the Sun; as
well as all our superior planets are to us, when in conjunction
with the Sun. When Venus haa, as it were, emerged out of
the Sun-beams, as at L, she appesrs almost full to Mercury
at f; at M and N, a little g'lbbous; quite full at F, and
largest of all ; being then in opposition to the Sun, and con.
sequently nearest to Mercury at F; shining atrongly on him in
the night, because Mer distance from him then is somewhat less
than a fifth part of her distance from the Earth, when she
appears roundest to it between J and X, or between X and Iy
as seen from the Earth £. Consequently, when Venus is op-
poﬂte to the Sun, as seen from Mercary, she appears more than
25 times as large to him as she does to us when at the fullest. |
Our cae is almost similar with respect to Mars, when he is
opposite to the Sun; because he is then so near the Earth,
and has his'whole enlightened side towards it. But, because
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the orbits of Jupiter and Saturn are very large in propartion
to the Earth's orbit, these two planets appear much less j
fled at their oppositions, or diminished at their conjum'lion:m:
Mars does, in proportion to their mean apparent diuneters,

CHAP. VIL.

THE, PHYSICAL CAUSES OF 1IE MOTIONS OF THL PLANETS=~
THE ECCENTRICITIES OF THEIR ORBITS—THL TIMES IN
WHICH THE ACTION OF GRAVITY WOULD BRING THEM TO
THE SUN——ARCHIMEDES'S IDEAL PROBLEM OF MOVING THI
EARTH~—THE WORLD NOT ETERNAL.

Gravintion 150. F'rox the uniform projectile motioh of bodies
and projec-  in straight lines, and the universal power of attrac-
P 1.  tion which draws them off from these lines, the cur-
Fig 4. vilineal motions of all the planets arise. If the
body 4 be projected along the right lihe .{B.Y, iu open space,
where it meets with no rosistan'g-, and i~ not drawn asde by
any other power, it wijl for eser go ou winh the same velocity,
Circular or. and in the same direction. 1%r the force which
bits. movés it from A to B m any given time, will carry
it from B to .Y in as much more tine, and <o on. there beng
nothing to obstruct or alter its motion. But if, whcn thus pro.
jectile force has carried it, suppose to B, the body S begins
to attract it, with a power duly adjnsted, and perpendicular to
jts motion at B, it will then be drawn from the straight line
ABX, and forced to revolve about § in the circle BYTU.
When the body 4 comes to U, or any other part of its orbit,
if the small body #, within the sphere of (/s attraction, be
projected as in the right line Z, with a force perpendicular to
the attraction of U, then u will go round {"in the orbic W,
and accompany it in its ‘whole course round the body &
Here § may represent the Sun, U the Earth, and « the
Moon. oo
"151. If & planet at B glavitates, or is attracted, toward the
Sun, 50 as to fall from B to yin the time that the projectile
force would have carried it from B to X, it will describe the
curve B Y by the combincd action of these two forces, in the
same fime that the projectile force singly would have carried
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it from B to X, or the gravitating power singly have caused it
to descend from B to y ; and these two forces bemgdulypro.
portiotied and perpendicular to each other, the planet obeying
them both, will move in the arcle BYTU S

152. But if, whilst the projectile force would carry the pla.
net from B to b, the Sun’s attraction (which constitutes the
planet‘s gravitation) shauld bring it down from Bto 1, the
‘gravitating power would then be too strong for the projectile
force, and would cause the planct to describe the curve B C.
When the planet comes to C, the gravitating power Elliptical
(which always increases as the square of the dis. orbite-
tance from the Sun § diminishes) will be yet stronger for the
projectile foree ; and by conspiring in some degree therewith,
will accelerate the planet’s motion all the way from C to K,
dausing it tq describe’the arcs BC, C D, DE, EF, &c. all in
equal times. Having its motion thus accelerated, it thercby
guins so much centrifugal force, or tendency to fly off at X in
the line A k, as overcomes the Sun's attraction; and the cen-
trifugal force being too great to allow the planet to be brought
nearer the Sun, or even to move round him in the circle Kimn,
&c. it goes off, and ascends m the curve KLMN, &c. its
motion decreasing as gradually from K to B, as it increased
from B to K, because the Sun’s attraction now acts against
the planet’s projectile motion just as much as it acted with it
before. 'When the planet has got round to B, its projectile
force is as much diminished from its mean state about G or N,
as it was augmented at K; and o the Sun’s attraction being
more than sufficient to keep the planet from going off at B, it
describes the same orbit over agsin, by virtue of the same
forces or powers.®

s Tomnhthemechhfmhhadnmnmmnmly,u&uth
, body may move in a circle, the projectile velocity of the body must be such as it
* would have acquired by gravity alons, in falling through half the radius of the cirdle.

§ If the planet at B is projected in the direction BX, with a velocity equal to that
which 1t would acquire by falling through half the distance BS, by the action of the
gental body S, it will describe a circle round the centre S.  If the velocity of pro-
Jection be equal to that which the body would acquire by falling thzough & distance
greater than one half of BS, it will move in an elliptical orbit, one of whess foci is
8. If the velocity of the projectile be equal to that which it would acquire in falling
through BS, its path will be a parabola, having  for its focus ; and if the velocity be
agqual to that which it would acquire by falling through a space greater than BS, the
body will move in a hyperbola.—£d.

VOL.'1. r
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138, A double projectile force will always balance a quad-
ruple power of gravity. et the planct at B have twice as
great an impulse from thenee towards .Y, as it had before ;
that is, in the same length of time that it was projected from
B to b, as i the last v\.nnplv let it now be projected from B
to ¢, and it will n-quuo tour times as much gravity to retain it
inits orbit; that is, it must fall as for as from 2 to 4 in the
time that the projecul foree would carry it trom B0 ¢, other
wise it could not deseribe the curve B2), as is evident by the

Fig. 4. figure  But, in as much time as the planet moves
The planets fiom B to ' m the higher part of its orbu, it
deseribeequal . , .
areas inequal MOVeS from 7 to K, or from K to L, in the Jower
tuues, part thereof, because, from the jomt action of thes
two forees, 1t must always deseribe equal areas in equal times
throughout its annual course.  These ardéas dre represented by
the trangles BSC. CSD, DSE, ESF, Ne. whose contonts
arc equal to one another quite round the figure.

A difficulty 154. As the planets approach nearer the Sun, and
removed. recede farther from him o every revolunon, than
may be some difficulty in conceiving the reason why the powa
of .gm\ ity, when it once gets the better of the projectule foree,
docs not bring the planets nearer and nearer the Sun m overy
revolution, till they fall upon and unite with him 5 or why the
projectile foree, when it once gets the better of gravity, docs
not carry the planets farther and farther trom the Sun, ull n
removes them quite out of the sphere of his attraction, and
causes them to go on in straight lines for ever afterwards.  Bui,
by considering the effects of these powers as deseribed in the
two last articles, this difficulty will he removed.  Suppose a
planct at B to be carried by the projectile force as far as from
B w0 b, in the tine that gravity would have brought it down
from B to 1, by these two forces it will deseribe the curve BC.

When the planet comes down to & it will be but half as far
from the Sun ¥ as it was at B; and thercfore, by gravitating
four times as strongly towards him, it would fall from A to V"
m the same length of time that it would have fallen from 2 to

1 in the higher part of its orbit; that i is, through four timcs
as much space ; but its projectile force is then so much in-
oreased at K, as would carry it from A to k in the same time,
being double of what it was at B, and is therefore too strong
for the gravitating power, either to draw the planet to the Sun,



CH. VII. THE PLANETS' MOTIONS. 67

or causc it to go round him in the circle Kimn, &c. which
would require its falling from X to w, through a greater space
than gravity can draw it, whilst the projectile force is such as
would carry it from K to &, and therefore the planet ascends in
its orbit KLILN, decreasing in its velocity, for the causes al-
ready assigned in § 152,

‘ 15.'5.. 'J'hc: orbits of dl.tllc planets are e]l?p.svs, The planet.
very little different from cireles ; but the orbits of ary orbits el
the comets are very long ellipses, and the lower liptical.
focus of them all is in the Sun. It we suppose the mean dis-
tance (or middle between the greatest and least) of every pla-
net and comet from the Sun to be divided into 1000 equal
perts, the eecentricities of their orbits,” both in such Their eccen.
parts and in English nules will be as follow : Mer- triaties
cury’s, 210. parts, ot 6,720,000 miles; Venus's, 7 parts, or
413,000 miles; the Earth's, 17 parts, or 1,377,000 miles; Mars’s,
913 parts, or 11,439,000 miles; Jupiter’s, 48 parts, or 20,352,000
miles ; Saturn’s, 535 parts, or 42,735,000 miles. Of the near.
est of the three fore-mantioned comets, 1,458,000 miles; of
the middlemost, 2,025,000,000 miles; and of the outermost,
6,600,000,000.

156. By the above mentioned law, § 150 of seg. . apove
bodies will move in all kinds of ellipses, whether lawssuffire
Jong or short, 1f’ the spaces they move in be void of fr, o
resistance. Ouly those which move in the longer ¢l- cular and el
hpses have so much the less projectile force impreas. UPUcorbits:
ed upon them in the higher parts of their orbits; aud their
velocitics, in commg down towards the Sun, are so prodi-
" giously increased by his attraction, that their centrifugal forces
in the lower parts of their orbits are so great, as to overcome
the Sun’s attraction there, and cause them to ascend again to-
wards the higher parts of their orbits; during which time the
Sun’s attraction, acling so contrary to the motious of those
bodies, causes them to move slower and slower, until their
projectile forces are diminished almost to nothing, and then they

_are brought back again by the Sun’s attraction, as before.

7 The eccentricity of a planet or comet is the distance between the centre and focus
of the elliptical orbit in which they move, or half the distance betwezn the two foc.
For more accurate numbers representing the eccentricities of the planets, see the table
in the Supplement,emfd,
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Inwhattimes  TO1- 1Y the projectile forces of all the planets and
the planets  cowets were destroyed at their mean distances from
;:’:::nm e the sum, their gravities would bring them down so,
power of gra- that Mercury would full to the Sun in 15¢ 188
iy Yenus in 894 17°; the Earth or Moon in G 10,
Mars in 121 days: Jupiter in 290 duys; Saturn in 767 days,
and the Georgium Sidus m 5406 du\& The nearest comet m
18,000 days: the niddlcmost in 23, 000 davs; and the outer!
most in 66,000 days. ‘Tl Moon would fall to the Farth
4% 20" ; Jupiter’s first moon would fall to him in 7", his second
in 15, his third in 30", and his fourth in 71  Saturn’s first
nroon would fall to him in 8% his sccond 0 12" his third 1n
19", his fourth in 68% and his fifth in 336" A stone would
full to the Earth's centre, if there were an hollow paseagy, m
21™ 9. Mr. Whiston gives the following rule for cuch cotte
putations® ¢ It is demonstrable, that hnlf the petiod of any
planet, when it is diminished in the sesquialteral proportion of
the number 1 to the number £, or nearly in the proportion of
1000 to 2528, is the time that it would lall to the contre of ats
orbit.”  'This proportion 1s, when a quantity or number contamns
another once and a half as much more.?
The prodi. 158. The quick m(‘niona of the moons of Juputer
gous atrue. and Saturn round their primaries, demonstrate that
uonoftheSun thege two planets have stronger attractive powers
and plandts . .

than the Earth has: for, the stronger that one body
attracts another, the greater must be the projectle foree, and
ennscquently the guicher must be the motion of that other body
to keep it from falling to its primary or central planct.  Juju-
ter’s sccond moon i 124,000 miles farther from Jupiter than
our moon is from us; and yet this second moon gocs almost
eight times round Jupiter whilst our moon goes only once
round the Earth. What a prodigious attiactive power must
the Sun then have, to draw all the planets and satelhites of the
system towards him ; and what an aniaziug power must it have

% Astronomical Principles of Religion, p. 66
® The time in which any planet or comet would full to the Sun, may be found
more emily by dividing the tune of half ita revolution round the Sun by 2.82847,
ot by multiplying the time of & whole revolution by 0.176776. The squares of the
times in which the plancts would fall to the Sun are as the cubes of their dis-

tances.—Ld.
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required to put all these planets and moons into such rapid
motions at first! Amazing indeed to us, because impossible to
be cffected by the strength of all the living creatures in an un-
limited pumber of worlds ; but nowise hard for the Almighty,
whose planetarium tahes in the whole universe !

159. The cclebrated Archimedes affirmed he could . .

. . Archimedes's
amove the Farth, if he hatl a place at a distance from problem for
it to .s-mm.l upon to manage b nlm-hnwr_v.“ '1? hi« 'ﬁ‘:‘t‘lﬁ““
assertion 1 tiue m thcor_v. but, upon cxammation,
will be found absolutely imposable in fact, even though a pro-
per place and materials of sufficient strength could be had.

The «implest and easiest method of moving a heavy body a
little way is by a lever or crow, where a small weight or power
gpplied to the long arm will raisc a great weight on the short
one.  But then, the small weight must move as much quicker
than the great weight, as the latter is heavier than the former ;
and the length of the long arm of the lever must be in the
same proportion to the length of the short one.  Now, suppose
2 man to pull, or press the end of the long arm with the force
of 200 pound weight, and that the Earth contains in round
numbers, 4,000,000,000,000,000,000,000, or 4000 trillions of
cubne feet, cach at a mean rate woighing 100 pound ; and that
the prop or ecntre of motion of the lever is 6000 miles from the
Larth’s eentre; i this case, the length of the lever from the
fulerum or centre of moton to the moving power or weight
ought to he 12,000,000,000,000,000,000,000,000, or 12 quad-
nilhons of wiles ; and so many miles must the power wove, in
order to raiw the Larth but one mile; whence it is easy to
compute, that if Archimedes, or the power applied, could move
as swift as a cannon-bullet, it would take 27,000,000,000,000,
cr 27 billions of years to ruise the Karth one inch.

I any other machine, such as a combination of wheels and
screws, was proposed to move the EKarth, the time it would
require, and the space gone through by the hand that turned
the machine, would be the same as before.  Hence we may
learn, that however boundless our imagination and theory may
he, the actual operations of man are confined within narrow
bounds, and more suited to our renl wants than to our de- .
sires.

} Ai a7 ¢d, ani viv xerpor xiview, i. ¢. Give me a place to stand on, and I shall
move the Karth?



70 THE PHYSICAL CAUSES OF CH. Vi1,

Hard to de.  160. The Sun and planets mutually attract each
termine what other : the power by which they do so we call gra-
™Y vity. “But whether this power be mechanical or not
is very much disputed. Observation proves that the plancts
disturb one another’s motions by it, and that it decreases ac-
cording to the squarcs of the distances of the Sun and planets;
as light, which is known to be material, likewise does. Hence,,
gravity should secm to arise from the ageney of some subtle
matter pressing towards the Sur: and planets, and acting hike all
mechanical causes by contact. But, on the other hand, when
we consider that the degree or force of gravity is exactly in
proportion to the quantities of matter in those bodies, without
any regard to their bulks or quantities of surface, acting as
freely on their internal as external parts: it seems to surpass
the power of mechanism, and to be either the immediate agency
of the Deity, or affected by a law originally established and
impressed on all matter by Him.  But some affirm that matter,
being altogether inert, cannot be impressed with any law cven
by Almighty power; and that the Deity, or some subordinate
intelligence, must therefore be constantly impelling the planets
toward the Sun, and moving them with the same irregularities
and disturbances which gravity would cause, if it could be sup-
posed to exist.  But, if a man may venture to publish his own
thoughts, it seems to me no more an absurdity, to suppose the
Deity capable of infusing a law, or what laws he pleases into
matter, than to suppose him capable of giving it cxistence at
first. The manner of both is equally inconceivable to us, but
neither of them imply a contradiction in our ideas; and
what implies no contradiction is within the power of Omnipo-
tence.

161. That the projectile force was at first given by the
Deity is evident; for, since matter can never put itself in
motion, and all bodies may be moved in any dircction whatso-
ever ; and yet the planets, both primary and sccondary, move
from West to East, in planes nearly coincident; whilst the
comets move in all dircctions, and in planes very different from.
one another ; these motions can be owing to no mechanical
rause or necessity, but to the frec will and power of an intelli-
gent Being.

162. Whatever gravity be, it is plain that it acts every mo-
soent of time ; for if 1ts action should cease, the projectile force
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would instantly carry off the planets in straight lines from those
parts of their orbits where gravity left them.  But, the planets
heing orce put into motion, there is no occasion for any new
projectile foree, unless they meet with some resistance in their
orbits: nor for any mending hand, unless they disturb one
another too much by their mutual attractions.

163. Tt i» found that there are disturbances I T
*the planets in their motions, unung from their mu- gaturb one
tual attractions when they are in the same quarter of pother's mo-
the heavens ; and the best modern observers find that
our years are not always precisely of the same length.?  Besides,
there is reason to believe that the Moon is somewhat nearer the
Larth now than she was formerly, her periodical month being
shorter than it was in former ages.  For our astro- o
Tomical tables, Which in the present age shew the quences
times of solar and lunar eclipses to great precision, Hhereof.
do not answer so well for very ancient eclipses.  Ilence it ap-
pears, that the Moon does not move in a medium void of all
resistance, § 174 ands therefore her projectile foree heing a
little weahened, whilst there is nothing to diminish her gravity,
she must be gradually approaching nearer the Earth, deseribing
smaller and smaller circles round it in every revolution, and
finishing her period sooner, although her absolute motion with
regard to space be not so quick now as it was formerly, and
therefore she must come to the Earth at Jast ; unless that Being
which gave her a sufficient projectile foree at the beginning,
adds a hittle more to it in due time?  And, as all the planets

“ If the plancts did not mutually attract one.another, the areas described by them
would be exactly proportional to the times of dencription, § 1563.  But obscrvations
prove that these areas are not 1n such exact proportion, and are most varied when the
greatest number of planets are in any particular quarter of the heavens. “VWhen any
two planets are tn conjunction, thewr mutual sttractions, which tend to bring them
nearer to one anothier, draws the inferior onc a litde farther from the Sun, and the
superior onc a hutle nearer to him, by which means the figure of their orbits is some-
what altered ; but this alteration is too small to be discovered in several ages.

3 'The acccleration of the Moon's motion, to which Mr. Ferguson here alludes,
amounts tu about 11” 8” in a century. It was generally ascribed to some resistence
opposed to the motion of the Moon ; but M. de Ia I'lace has lately discovered, that
it arises from a diminution in the eccentricity of the Earth's orbit. This, as well as
other irrcgularities in the solar system, generated by the mutual action of the planetss
are all periodical : they are confined within narrow limits, and are balanced by irre-
gularitics of an equal and opposite kind. There is no possibility, therefore, of that
general union Yf the planets in the centre of the system which our author apprehends.
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move in spaces full of ether and light, which are material sub-
stances, ‘they, too, must meet with some resistance ; and, there-
The werld  fore, if their gravities are not diminished, nor their
mot etemal.  projectile forces increased, they must necessarily ap-
proach nearer and nearer the Sun, and at length fall upon and
unite with him.

164. Here we have a strong philosophical argument against
the eternity of the world. Tor, had it existed from eternity,
and been left by the Deity to be governed by the combined
actions of the above forces or powers, generally called laws, it
had been at an end long ago; and if 1t be left to them, it must
come to an end. But we may be certain that it will last as long
as was intended by its Author, who ought no more to be found
fault with for framing so perishable a work, than for making
man mortal.

CHAP. VIIL

OF LIGHT=—ITS PROPORTIONAL QUANTITIFS ON THE DIFFERENT
PLANETS=—ITS REFRACTIONKR IN WATLR AND AIR—THE AT-
MOSPHERE—ITS WEIGHT AND PROPERTIES—THE HORJZON-
TAL MOON,

165. Licur comsists of exceelingly small particles of mat-
ter, issuing from a luminous body; as from a lighted
candle, such particles of matter constantly flow in all direc-
tions. Dr. Niewentyt! computes, that in one second of time

By the most simple law, the diminution of gmvity, as the square of the distance
increases, the planets are not only retained in their orits, when whirling round a
central Sun, but an eternal stability is insured to the solar system. ‘The little de-
rangements which affect the motions of the heavenly bodies are apparent only to the
eye of the astropomuer ; and even these, after reaching a certain hmit, gradually di-
minish, till the system, regaining its balance, returns to that state of harmony and
order which preceded the commencement of these secular inequalities. Even amidst
the changes and inequalities of the system, the general harmony is always apparent ;
and those partial and temparary derangements which, to vulgar minds, may seem to
dndicate & progressive decay, serve only to evince the stability and permanence of the
whole. In the contemplation of such a scene, every unperverted mind must be
struck with that astonishing wisdom which framed the various parts of the universe,
.ﬂwmwﬂb’mﬁﬁl'ﬂeh'ﬂ—u ‘
3 Religious Philosopher, vol iii, p. 65.
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there flows 418,660,000,000,000,000,000,000,000, The amm
000,00,000,000,000,000 particles of light out of a .n.un.:.',.f‘
burning candle, which number contains at least 6,337, 3;:;‘:"‘"
242,000,000 times the number of grains of sand in
the whole Earth, supposing 100 grains of sand to be equal in
length to an inch, and consequently every cubic inch of the
. Earth to contain 1,000,000 of such grains.

1G6. These umazingly small particles, by striking The dresdful
upon our eves, excite in our minds the 1dea of light ; e‘f:ﬁ enﬂ‘:tu
and, if (ln-y were as large as the smallest particles of from tiseir be-
matter discernible by our best microscopes, instead ing larger.
of being serviceable to us, they would soon deprive us of sight
by the force arisng from their immense velocity, which is above
164,000 miles every second, (see chap. xi) or 1,230,000 times
swifter thah the motion of a cannon-bullet.? And therefore, if
the particles of light were so large, that 1,000,000 of them were
cqual in bulk to an ordinary grain of sand, we durst no more
open our eves to the light, than suffer sand to be shot point
blank agaiust them.  °*

167. When these <mall particles, flowing from g o objects
the sun or from a candle, fall upon bodms, and are become visi-
therchy reflected to our eyes, they excite in us the ble to us.
idea of that body, by forming its picture on the retina® And
singe bodies are visible on all <ides, light must be reflected from
them m all directions.

168. A ray of light is a continued stream of these
particles, flowing from any visible body in a strmght light ' nerural-
line. That the rays move jn straight, and not in ¥ :;;?h;:.
crooked lines, unless they be refracted, is evident
from bodics not being visible if we endeavour to look at them
through the bore of a bended pipe ; and, from their ceasing to
be setn by the interposition of other bodies, as the fixed stars
by the interposition of the Moon and planets, and the Sun
wholly or in part by the interposition of the Moon, Mercury, or

2 As the mean distance of the Sun from the Farth is nearly 95,000,000 English
miles, and as light moves through this space in 8’ 7, its velocity per second will be
195,072 English miles, which is about 10,313 times groater than the mean velocity
of the Earth in its orbit.—Ed.

3 A fine net-work membrane in the bottom of the eye. Somephxlmphmhn
maintained, that the choroid coat, situated behind the retina, is the seat of vision.
‘The sensation,is conveyed from the seat of vision to the bmnbydnopﬁcnlrvll.
which enter the back part of the eye.eEd.
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A proof that Venus. And that these rays do not interfere, or
they hinder  jyct]e one another out of their ways, in flowing from
not one an- - . . . . .
other's mo- different bodies all around, is plain from the follow-
tions, ing experiment.  Make a little hole in a thin plate
of metal, and set the plate upright on a table, facing a row of
lighted candles standmg by one another ; then place a sheet of
paper or pastchoard at a- little distance from the other side of
the plate, and the rays of all the candles, flowing through the
bole, will form as many spechs of light on the paper as there
are candles before the plate, cach speck as distinet and large as
if there were only one candle to cast one spech, which shews
that the rays are no hindrance to cach other in their motions,
although they all cross in the hole.

169. Light, and therefore heat, so far as it depends on the
Sun’s rays (§ 83, towards the end), deereases in proportion to
the squares of the distances of the planets from the Sun.  T'his
is easily demonstrated by a figure which, together with us de-
scription, I have taken from Dr. Smith's optics (book i, art. 57).
PleeIl.  Let the hght which flows from a point A, and

Fig 1. passes through a square hole B, be received upon a
plane €, parallel to the plane of the hole 1 or, if you please, let
the figure C be the shadow of the plane 225 and when the dis-
tance of C is double of B, the length and breadth of the <hadow
In what pro. C Will be cach double of the length and breadth of
porwon lght the plane B, and treble when AD is tieble of 4B,
:iic?tif;y and so on, which may be casily examined by the
gvenditance Jight of a candle placed at A, “Therefore the sur-
from the Sun. face of the shadow (', at the distance A€ double of
AB, is divisible into 4 squares, and at a treble distance, into 9
squares, severally equal to the square B, a- represented in _tlw
figure. The light then which falls upon the plane B beirig
suffered to pass to double that distance, will be mufm:mly
spread over 4 times the space, and consequently will be 4 times
thinner in every part of that space, and at a treble distance
it will be 9 times thinner; and at a quadruple distance, 16
times thinner than it was at first, and so on, according to the
increase of the square surfaces B, C, D, E, built upon the dis-
tances AB, AC, AD, AE. Conscquently, the. quantities of
this rarefied light received upon a surface of any given size and
shape whatever, removed successively to these several distances.
will be but }, 3, /' of the whole quantity received by it at the
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first distance AB. Or, in general words, the densities and quan-
tities of light reccived upon any given plane, are diminished in
the same proportion as the squares of the distances of that plane,
from the luminous body, are increased ; and, on the contrary,
are increased in the sume proportion as these squares are dimi-
nished.4
, 170 The more a telescope magnifies the dises of why the
the Moon and planets, they appear so much dimmer planets ap-
pear dimmer

than to the bare c¢ye, hecause the telescope cannot when viewed
magnify the quantity of light as it does the surface; 1‘:"';“8" ol
and, by spreading the same quantity of light over a by the bare
surface so much larger than the naked eye beheld, €y
Just so much dimmer must it appear when viewed by a tele-
geope than hy thc h..m' eved

171. When a ray of h;.,ht passes out of one medium into an-
other, 1t is refracted or turned out of its first course, more or
less, as it falls more or less obliquely on the refracting surface
which divides the two mediums.  This may be proved by se-
veral experiments, of which we shall only give three for exam-
ple’s wahe. 1, In a bhasin FGH put a piece of
money as DB, and then retire from it as to 4, till
the edge of the bason at E just hides the.money from your
sight 3 then, keeping your head steady, let another person fill
the basm gently with water.  As he fills it, you will Refraction of
see more and more of the plcce DB, which will be the rays of
all in view when the basin is full, and appear as if Lght-
hfted up to (. For the ray AEB, which was straight whilst
the basin was empty, is now bent at the surface of the water
in E, and turned out of its rectilineal course into the direction

Fig. 8.

4 This proposition is true only when the given plane is perpendicular to the direc-
tion of the hight which fallv upon it ; for, when the plane is inclined to this direction,
the density and quantity of light or heat i« diminished, and this dimunution is pro-
portional to the cosine of the angle of inclination.— d.

5 This position has been controverted by Dr. Herschel, who maintains, that tele-
scopes have a penctrating power. In a dark night, when the eye could not penctrate
far into space, his 20 feet telescope shewed the clock on a distant steeple when the
naked eye could not see the steeple itself. ‘T'he penetrating power depends upon the
quantaty of reflected or refracted light upon the apertures of the mirrors or lnm,
and the size of the pupil. See Phil. Trans. 1800, Part 1.—Ed.

6 A medjum, in this sensc, is any transparent body, or that through which the
says oflnglnun Ppass, as water, glass, diamond, nr,undemuvmnmummel
called & medium.
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ED. Or, in other words, the ray DEK, that proceeded in a
straight line from the edge D whilst the basin was empty, and
went above the eye at 4, is now bent at E; and instcad of go-
ing on in the rectilineal direction DEX, goes in the angled di-
rection DEA, and by entering the cye at 4, renders the ohject
DB visible. Or, 2, Place the basin where the Sun shines ob-
liquely, and observe where the shadow of the nm £ falls on
the bottom as at B, then fill it with water, and the shadow will
fall at D; which proves, that the rays of hght, fulling obliquely
on the surface of the water, are refracted, or bent downwards
into it.

172. ‘The less obliquely the rays of light fall upon the sur-
face of any medium, the less they are refracted s and if they
fall perpendicularly thereon, they are not refracted at all.  For,
in the last experiiment, the higher the Sun rises, the less will
be the difference between the places where the edge of the <ha-
dow falls in the empty and full basm  And, 8, If a stich be
laid over the basin, and the Sun’s rays being reflected perpen-
dicularly into it from a looking glass, the shadow of the suck
will fall upon the same place of the bottom, whether the bason
be full or empty.

173. The denser that any medium i, the more is hght re-
fracted in passing thruugh it.

The atmo- 174 The Earth is surrounded by a thin flud
sphere. mass of matter, called the air or atmosphere, which
gravitates to the Earth, revolves with it n ats diurnal motion,
and goes round the Sun with it every year. This flusd is of
an elastic or springy nature, and its lowermost parts bemg com-
pressed by the weight of all the air above them, are pressed
the closer together, and are therefore densest of all at the Farth’s
surface, and gradually rarer the higher up. It 15 well known
(Newton’s System of the World, p. 140,) that the air ncar the
surface of our Earth possesses a space about 1200 times greater
than water of the same weight” And therefore. a cyhndric
column of aiz 1200 feet high, is of equal wcight with a cylinder
of water of the same breadth, and but one foot high. But a
cylinder of air reaching to the top of the atmosphere is of equal
‘weight with a cylinder of water about 33 fect high ;® and there-

T Airis on.ly 900 times denser than water.—Ed,
8 This 1 evrdent from common pumps.
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fore, if from the whole cylinder of air, the lower part of 1200
feet high is taken away, the remaining upper part will be of
equal weight with a cylinder of water 32 feet high; whercfore,
at the height of 1200 feet, or two furlongs, the weight of the
incumbent air 18 less, and consequently the rarity of the com-
pressed air is greater than near the Earth® surface, in the ratio
of 33 to 32, And theair at all heights whatsoever, supposing
the expansion thereof to be reciprocally proportional to its com-
pression; and this proportion has been proved by the experi-
meuts of Dr. Hooke and others.  The result of the computa-
tion I have set down in the anneved table; in the first cclumn
of which you have the height of the air in miles, whereof 4000
maohe a semi-diameter of the Farth ; in the sccond the compres-
ston of the air, or the incumbent weight; in the third, its ra-

“nty or expansidn, slipposing gravity to decrease in the duplicate
ratio of the distances from the Earth's centre.  And the small
numeral figures are bere used, to shew what number of cyphers
must be jomned to the numbers expressed by the larger figures,
as 0.17122¢ for 0.000000000000000001224 and 26956'° for
26956000000000000000.

TABIL Ol IHE AIR'S COMPRESSION AND BARITY
AT DI1 11 RENT HEIGHTS.

AIR™S

A

Height. | Compression. | Expansion.

0483..... R |
5178515 .. . . 1.8486
19 96717 .. |. . 8.4151
20 2852 ... .1L571
40 02525 .. |. 18683
400 0.!'71224. |. 2095615
4000{ 0.1°%4465° [ . 7907 1?
40000| 0.'971628 |. A263189
400000 0.21°7895 |. 41798207
4000000, 0.2'20878 |. 8t414209
Infinite. | 02120041 |. 54622209

From the above table, it appears that the air in proceedin_g
vpwards is rareficd in such a manner, that a sphere of that air
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which is nearest the Earth, but of one inch diameter, if dilated
to an cqual rarefaction with that of the air at the height of 10
semi-diameters of the Earth, would fill up more space than is
contained in the whole heavens on this side the fixed stars.
And it likewise appears that the Moon does not move in a per-
fectly free and unre~1~tmg medium, although the air, at a height
equnl to her distance, is at least 34001 times thinner than at
the Earth's surface, and therefore eannot resist her motion so
as to be sensible in many ages.
Tts weight 175. The weight of the air at the Earth’s sur-
bow found. fyce is found by experiments made with the wr-
pump, and alvo by the quantity of mercurs that the atmo-
sphere balances in the barometer, in which, at a mean state,
the mercury stands 29! inchcs lngh.  And it the tube were
a square inch wide, it would at that hogit centain 29;
cubic inches of mercury, which 15 just 15 pound weight;
and so much weight of air every square inch of the Earth's
surface sustaine; and every square foot 1## tunes as much,
because it contains 144 square inchess Now, as the Eartl's
surface contains, in round numbers, 200,000,000 square miles,
it must contain no less than 5,375,650,000,000,000 square
feet; which, being multiplied by 2160, the number of pounds
on cach square foot amounts to 12,043, 168,5800,000,000,000
pounds for the weight of the whole atmosphere. At this rate,
a middle-sized man, whose surface 1s about 15 square feet, i
pressed by 82,400 pound weight of air all around ; for luds
press equally up and down, and on all <des. But, because
this enormous weight is equal on all sides, aud counterbalanced
by the spring of the air diffused through all parts of our
bodies, it is not in the least degree felt by us.
A 176. Oftentimes the state of the air is such, that
common
mistakeabout we feel ourselves languid and dull; which is com-
"m"::“h‘ ' monly thought to be occasioned by the air's being
foggy and heavy about us.  But that the air is then
too light, is evident from the mereury’s sinking in the barome-
ter, at which time it is generally found that the air has not suf-
ficient «trength to bcar up the vapours which compose the
clouds for, when it is otherwise, the clouds mount high, and
‘the air is more elastic and welghty about us, by which means
it balances the internal spring of the air within us, braces
up our blood-vessels and nerves, and makes us brisk and lively.
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177. According to Dr. Keill (Astronomy, p. 282), and other
astronomical writers, it is entirely owing to the atmosphere that
the heavens appear bright in the day time. For, with- wWyhout an
out an atmosphere, only that part of the heavens stmosphere
would <hine in which the § laced : and if we yaid e

hine in which the Sun was placed : and if we yould atuays
could live without air, and should turn our bachs appear daik,
R anud we should
toward the Sun, the whole heavens would appear as have no twi-
dark as in the night, and the stars would be seen as light.
clear as in the nocturnal shy.  In this case we should have no
twilight; but a sudden transition from the brightest sunshine
to the blachest darkness immediately after sun-set ; and from
the blachest darkness to the brightest sunshine at sun-rising ;
wlueh would be extremely inconvenient, if not blinding, to all
Jnort: als.  But, l)\ means of the ntmmphcro we enjoy the Sun’s
haht, refleeted from the acrial particles, for some time before he
rises and after he st~ For, when the Earth, by its rotation,
has withdrawn our sight from the Suy, the ntnmsphcre lnmg still
Ingher than we are, has the Sun™s light imparted to it; which
gradually diercases umtil he has got 18 below the horizon
and then, all that part of the atmosphere which is above us is
dark.  From the lougth of twilight, the Doctor has caleulated
the hdght of the atmosphere (so far as it is dense enough to
refleet any light) to be about #4 miles.  But it is seldom dense
enough at two miles height to bear up the clouds.
178. The atmosphere refracts the Sun™ rays so as
eSS 27 0 1t brings the
to bring him in sight every clear day, before he rises §un 1 view
in the horizon; and to keep him in view for some before he

inutes after he i really set below it.  F: e
minutes after he is really set below it.  For, at some yeeps him in
times of the year, we see the Sun 10 minutes longer "'z afier be
above the horizon than e would be if there were ™
no refractions: and about 6 minutes every day, at a mean
rate

179. To illustrate this, let 7 E K be a part of the
Earth’s surface, covered with the atmosphere H G
F (; and let H E O be the sensible horizon® of an observer at
E. When the Sun is at 4, really below the horizon, a ray of
light 4 C proceeding from him comes straight to C, where it
falls on the surface of the atmosphere, and there entering a
denser medium, it is turned out of its rectilineal course 4 Cd G

Fig. 9.

e As far as one can see round him on the earth.
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and bent down to the ohserver’s eye at E; who then sces
the Sun in the direction of the refracted ray E d ¢, which lies
above the horizon, and being extended out to the heavens,
shews the Sun at B, § 171.

180. The higher the Sun rises, the less his rays are refract-

ed, because they fall less obliquely on the surface of the atmo-
sphere, § 172, Thus, when the Sun is in the direction of the
line E £ L continued, he is so nearly perpendicular to the sur-
face of the carth at E, that lis rays are but very little bent
from a rectilineal course.
The quantity 181. The Sun is about 82/’ of adegree in bicadth,
of refraction. when at his mean distance from the Earth ; and the
horizontal refraction of his rays i< 33 %', which, bemg more
than his whole diameter, brings all his dise in view, when his
uppermost edge rises in the horizon. At I0* height, the ré-
fraction is a little more than 5 ; at 20 only 2 35”; at 30 but
1’ 38" ; between which and the zenith it is scarce sensible : the
quantity throughout is shewn by the annexed table.!

1 Instead of Sir Iaaac Newton's wthle of refractions, which was published in all
the former editions of this work, and was verygnaccurate, we have inserted a new
table, founded upon the correct abservauons of Dr. I'radley, and suited to a mean
state of the atmorphere, when the barometer is at 30.00, and Fahrenhert's thermo-
meter at 55°.  If the barometer be lugher than 307, and the thermometer lower thun
53°, the refraction 13 greater than that which the table acagns ; and if the barometer
be lower than 30°, and the thennometer higher than 55 . the refraction assigned by the
table 11 too small.  In low alutudes, this vanation n the refraction, ariang from a
variation 1n the state of the atmosphere, 13 very considerable ; but when the alutude
exceeds 60°, 1t may be safely neglected.——Ed.

-
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182. A Table shewing the Refractions of the Sun, Moon, and Stars,
adapted to their apparent Allitudes, and (o a mean slate of the Al-
mosphere, when the Barometer is at 30.00, and the Thermometer of
Fahrenhett at 55",

TAppar. Al [ Refracion.” [ Ap. Alt.] " Refracuon. | Ap. Alt.] Refraction.
D. M. A W D. M. 8. De M. N,
o™
00 32 54 Q1 Q a7 56 0 38
015 30 30 QR Q) 57 0 97
0 30 98 17 23 Q13 58 0 35
0 13 26 16 Q4 2 7 59 0 34
1 0 24 24 23 Q1 60 0 33
1 15 29 43 W 1 56 61 0 32
1 30 Q1 11 Q7 1 51 62 0 30
—t 19 48~ o8 1 46 63 029
2 0 718 41 1) 112 G4 028
Q30 16 20 30 1 88 65 0 26
3 0 11 82 31 1 3% 66 0 Q5
350 18 3 . 92 1 81 67 0 Q4
4 0 11 {8 33 197 68 0 23
4 30 10 45 3% 1 24 69 0 22
5 0 9 a1 33 121 i 0 20
5 30 9 5 36 118 71 019
6 0 8 25 37 115 e 018
6 30 7T 50 38 113 73 017
70 7 2 39 110 T 016
7 30 6 53 40 1 8 5 015
8 0 6 29 +1 1 5 6 014+
8 30 6 7 12 1 3 s 0 1
9 0 5 48 43 11 8 012
9 30 5 30 44 0 59 i 011
10 0 5 1% 45 0 57 80 010
11 0 4 46 46 0 55 81 09
12 0 4 Q23 49 0 53 8 0 8
13 0 4 2 48 0 51 83 07
14 0 3 45 49 0 49 84 06
15 0 3 80 50 0 47 85 0 5
16 0 3 16 51 0 46 86 0 4
17 0 3 4 52 0 44 7 0 3
18 0 2 54 53 0 42 88 0 2
19 0 * 2 44 54 0 41 89 0 1
2 o0 2 35 55 0 39 90 0 0
VOlL. 1.
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183. In all observations, to have the true altitude of the
Sun, Moon, or stars, the refraction must be subtracted from
"The incon. the observed altitude?  But the quantity of refrac-
stancy of 1e- tion is not always the same at the same altitude ;
fractions.  Jocause heat dinnmishes the airs refractive power
and density, and cold increases both; and, therefore, no one
table can serve precisely for the same place at all seasons, nor
even at all times of the same day ; much less for different cli-
mates; it having been observed, that the horizontal refractions
are near a third part less at the cquator than at Paris, as
mentioned by Dr. Smith in the 870th remark on his Optics,
where the following account is given of an extraordinary re-
. fraction of the hun-lwmm by cold :—* There i a
A very re-
markablecase famnous observation of’ tlis kind made by some Hol-
concerning  Ianders that wintered in Nova"Z&hbla .in the yem
refraction. 15
1596, who were surprised to find, that, after a con-
tinual night of 8 months, the Sun began to rise 17 days sooner
than according to computation, deduced from the altitude of
the pole, observed to be 76 : which cannot otherwise be ac-
counted for, than by an extrsordinary refraction of the Sun's
rays, passing through the cold denee air m that climate. Keplor
computes, that the Sun was almost 5 below the horizon when
he first appeared ; and, ccmsequcnll\, the refraction of lua
rays was about 9 times greater than it is with us.
Plate 11 184. The Sun and Moon appear of an oval figure,
Fg.10. a3 FC G D, just after their rising, and before their
setting : the reason is, that the refraction being greater in the
horizon than at any distance above it, the lowermost limb @
appears more elevated than the uppermost.  But, although the
refraction shortens the vertical diameter F G, it has no sensible
effect on the horizontal diameter C D, which is all equally cle-
vated. When the refraction is so small as to be imperceptible,
the Sun and Moon appcar perfectly round, as A E B F.
Ourimegina-  189- We daily observe, that the objects wl.xich ap-
tion cannot  pear most distinct are generally those which are
julge neby hearcst to us ; and, consequently, when we have no-
ofinaccessible thing but our imagination to assist us in estimating
objects. distances, bright objects seem nearer to us than those

2 The observed altitude of the celestial bodies must also be eommd by the ap-
plication of parsllax,.Ed.
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which are less bright, or than the same objects do when they
appear less bright and worse defined, even though their distance
in both cases be the same.  And if), in both cases, they are seen
under the same angle,® our imagination naturally suggests an
idea of a greater distance between us and those objects which
appear fainter and worse defined, than those which appear
brighter under the same®angles ; especially if they be such ob-
jects as we were never near to, and of whose real magnitudes
we can be no judges by sight.

186. But, it is not only in judging of the different __

. X . Nor always
apparent magnitudes of the same objects, which are of those

better or worse defined by their being more or less Which are

. 1. 5 uccesstble.
bright, that we may be deceived : for we may nake

" » H W) . » " l' » "

a mnp:.go!uqu(:wm when we view them under equal de-
grees of brightness, and under equal angles; although they be
objects whose bulks we are generally acquainted with, such as
houses or trees: for proof of which, the two following instances
may suffice.

L)

An :.mglc is the mclmauon of two night hines, as 7 I7 and K J1, Plate 11, Fig. 5.
mecting in a pumnt at }/; and mn desenibing an angle by three letters,
the nuddle letter always denotes the angular point ; thus, the above lines 7 /i and
K H mecung cach other at 71, make the angle 7 I K. And the point H is sup-
posed to be the centre of a arcle, the circumference of which contans 360 equal
parts, called degrees. A fourth part of a cirele, called a quadrant, as G E, con-
tans 90°; and every angle 18 measured by the number of degrees in the arc it cuts
off; as the angle £ H P 1 407, the angle £ H F 33°, &c. and so the angle
E H F s the same with the angle € /7 N and alvo with the angle A I M, because
they all cut off the same arc or portion of the quadrant £ G ; but the angle E H F
1s greater than the angle ¢ /7 1) or A 1T L, because it cuts off a greater arc.

‘The ncarer an object 15 to the eye, the bigger 1t appears, and under the greater
angle is 1t scen.  T'o illustrate this a little, suppose an arrow in the position 1K,
perpendicular to the right hine //4, drawn from the cye at If through the middle of
the arrow at O. It is plain that the arrow is secn under the angle JJ/K, and that
110, which 15 its distance from the eye, divides into halves both the arrow and the
angle under which 1t is scen, viz. the arrow into 70, OK, and the angle into JHO
and KHO : and this will be the case Whatever distance the arrow is placed at. Let
now three arrows, all of the same length with 7K, be placed at the distances H A,
HC, HE, still perpendicular to, and bisected by, the right line /14 ; then will AB,
('D, EF, be equal 'to, and represent Of ; and AB (the same as OI) will be seen
from J{ under the angle AF{B; but (D (the same as () will be seen under the
angle CHID or AIIL; and EF (the same as OI) will be seen under the augle
EHF, or CIIN, ov AIIM. Also EF or Of at the distance JTE will appear as
long as ON would at the distance J/C, or as A7 would at the distance HA ; and
CD or 10 at <he distance HC will appear as longas 4/, would at thedistance H.A4.
So that as an object approaches the eye, both its magnitude and the angle under which
3t is seen increase ; and as the object recedes, the contrary.
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"The reason First, When a house is scen over a very broad
sssigned.  river by a person standing on low ground, who sces
nothing of the river, nor knows of it beforehand, the breadth
of the river being hid from him, because the banks scem con-
tiguous, he loses the idea of a distance equal to that breadth ;
and the house seems small, because he refers it to a less dis-
tance than it really is at. But, if he gbes to a place from which
the river and interjacent ground can be seen, though no farther
from the house, he then perceives the house to be at a greater
distance than he imagined ; and therefore fancies it to he bigger
than he did at first ; although in both ecases it appears under
the same angle, and, conscquently, makes no bigger picture
on the retina of his eye in the latter case than it did in the
former. Many have been deceived, by faking a reg.cqgt of
arms, fixed upon the iron gate in Clare-hall walks af Cambridge,
for a brick house at a much greater distance *

Secondly, In foggy weather, at first sight, we generally ima-
ginc a small house, which is just at hand, to be a great castle
at a distance ; because it appears so dull and ill defined, when
seen through the mist, that we refer it to a much greater dis-
tance than it really is at; and, therefore, under the same angle,
we judge it to be much bigger. For, the near ob-
ject FE, scen by the eye 4 B 1), appears under the
same angle G C H that the remote object G H T does: and
the rays GFCN and HE CM crossing one another at (' in
the pupil of the eye, limit the sizc of the picture A N on the
retina; which is the picture of the object FE, and if FE
were taken away, would be the picture of the object G H 1,
only worse defined ; because G H I, being farther off, appears
duller and fainter than F E did. But when a fog, as KL,
comes between the eye and the object F E, the object appears

Fig. 12.

4 The fields which are beyond the gate rise gradually till they are just seen over
it; and the arms being red, are often mistaken for a housc at a considerable distance
in those fields.

I once met with a curious deception in & gentleman's garden at Xlackney, occa-
sioned by a large pane of glass in the garden wall at some distance from his house.
The glass (through which the sky was seen from low ground) reflected a very faint
image of the house; but the image seemed to be in the clouds near the horizon, and
at that distance looked as if it were a huge castle in the air. Yet, the angle under
which the image appeared, was equal to that under which the house was seen : but
the image being mentally referred to a mmuch greater distance than the house, ap-
peared much bigger to the imagination.
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dull and ill defined like G H I; which causes our imagination
to refer F E to the greater distance C' H, instead of the small
distance C E which it really is at. And, consequently, as mis-
judging the distance does not in the least diminish the angle
under which the object appears, the small hay rick F E seems
tobeas bigas GH 1.

187. The Sun and Moon appear bigger in the Why the
horizon than at any considerable height above it. Sun'and
These luminaries, although at great distances from M°°°.'P"
the Earth, appear floating, as it were, on the sur- in the hori.
tace of our atmosphere HGFfeC, a little way be- ™™
vond the clouds ; of which those abont F, directly Fig. 9.
over our heads at E, are nearer us than those about H or ¢ 1n
the harizon I E ¢, Therefore, when the Sunor Moon appears
m the horizon at ¢, they are not only seen in a part of the sky
which is really farther from us than if” they were at any con.
siderable altitude, as about £ but they are also scen through
a greater quantity of air and vapours at ¢ than at £ Here we
have two concurrmg appearances which deceive our imagina-
tion, and cause us to refer the Sun and Moon to a greater dis-
tance at their rising or setting about ¢, than when they are con-
sidcrably high, as at £ first, their sceming o be on a part of
the atmosphere at ¢, which is really farther than £ from a spec.
tator at F; and, secondly, their heing seen through a grosser
medinm when at ¢, than when at £ which, by rendering them
dimmer, causes us to imagine them to be at a yet greater dis-
tance.  And as, in hoth cases, they are seen® much under the
same angle, we naturally judge them to be biggest when they
seem farthest from us; like the above-mentioned house, § 186,
seen from a higher ground, which shewed it to be farther off
than it appeared from low ground ; or the hay rick, which ap-
peared at a greater distance by means of an interposing fog.

188. .\uy one may satisfy himself that the Moon eis
appears under no greater angle in the horizon than rep d,:,l:,P:
on the n'leri(-lian, ])y Mkilag a lm"ge sheet o!' paper, e & hot
and rolling it up in the form of a tube, of such a meridian
width, that, observing’the Moon through it when thanin the
she rises, she may, as it were, just fill the tube; then .

* The Sun and Moon subtend a greater angle on the meridian than in the houzon,
being nearer the obscrver’s place when they aic in the meridian, by the wholv semi-
diameter of the Earth.
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tie a thread round it, to heep 1t of that size; and when the
Moon comes to the meridian, and appears much less to the
cye, look at her again through the same tube, and she will fill
it just as much, if' not more, than she did at her rising.

189. When the full Moon i~ in perigee, or at her least dis-
tance from the Farth, she 15 seen under a larger angle, and
must therefore appear bigger than wken sheis full at other
times; and if that part of the atmosphere where she rises be'
more replete with vapours than usual, she appears so much the
dimmer ; and, therefore, we fancy her to be <ull bigger, by
referring her to an unusually great distance ; knowing that no
objects which are very far distant can appear Ing unless they
be really so.

-~y . RN -

CHAP. IX

THE METHOD OF FINDING THI DINTANCES OF TH1I SUN, MOON,
AND PLANLTS.

1520- Thuose who have not learned how to take the! altitude
of any celestial object by a common quadrant, nor know any
thing of plain trigonometry, may pass over the first article of
this short chapter, and take the astronomer’s word for it. that

! The altitude of any celestial abjcet 1 an are of the shy intercepted betwedn the
horizon and the object. In ¥ig. 6 f Plate 11 It 24 O X be a Lonzontal line, sup-
posed to be extended from the eye at 4 to X, where the shy and Barth scam o mect
atthe end of a longand levd plan 5 and let  be the Sun.  The are X ¥ will be the
Sun’s height above the honzon at X, and 1 fourd by the mstrument E € 1, which
is a quadrantal board, or plate of mctul, divided into 90 equal parts or degrecs on 1s
limb D P (' ; and has a couple of little brass plates, as @ and ¢, with a sumdl hole 1n
each of them, called vight-holes, for luoking through. paralll to the (dge of the quad-
rant whereon they stand. To the centre £ isfixed one end of a thread F, called the
plumb line, which has a small woight or plumet £ fiaed to its other end.  Now, 1f an
observer holds the quadrant upright, without inchinuig it to exther sude, and so that the
horizon at X is seen through the sight holes a and b, the plumb hine will cut or hang
over the beginning of the degrces at 0, in the edge 2 € ; but 1f he clevates the quad-
rant 80 as to look through the sight holes at any part of the heavens, supposc the Sun
at §'; just s0 many degrees as he elevates the sight hole 4 above the horizontal line
1 O X, so many degrees will the plumb line cut iff the imb (' £’ of the quadrant.
For, let the obnerver’s eye at A4 be in the centre of the celestinl are X ¥ # (and he

*may be said to be in the centrc of the Sun’s apparent diurnal orbit, let him be on
what part of the Farth he will), in which arc the Sun is at that tine, suppose 25° Ingh,
and let the observer hold the quadrant so that he may see the Sun thruugh the mght
holes ; the plumb line frecly playing on the quadrant will cut the 25° in the limb €' P,
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the distances of the Sun and planets are as stated in the first
chapter of this book. But, to every one who knows how
to tuke the altitude of the Sun, the Moon, or a star, and can
solve a plain right angled triangle, the following method of
findiug the distances of the Sun and Moon, will be easily un
derstood. . )

Let B 4 G e one-half of the Farth, 4 €' its se- Plaee 1V,

“midiameter, § the Sun, m the Moon, and E XK 0 L P 1
a quarter of the circle described by the Moon in revolving from
the meridian to the meridian again.  Let € R 8 be the rational
horizon of an observer at 4, extended to the Sun in the hea-
vens; and I A O his sensible horizon, extended to the Moon's
orbnt. A L (i~ the angle under which the Earth’s semidiameter
L C s peen from the Moon at L, which is equal to the angle
0 A L, hecause” the right hnes 4 O and ¢ L, which include
both these angles, are parallel.  (Euclid, book I, prop. 29.)
8 Cas the angle under which the Earth’s semidiameter 4 ('
is seen from the Sun at S, and 15 equal to the angle O A f; be.
cause the limes 4 O and (" R N are parallel.  Now, it is found
by observation, that the angle O .f L is much greater than the
angle O A f:but O A L is equal to . L C, and O 4 15 equal
to AN C. Now,as .t S Cis much less than 4 L C, it proves
that the Larths semidiameter 4 C appears much greater as secn
from the Moon at Z, than from the Sun at .§'; and, therefore,
the Earth i~ much farther from the Sun than from the Moon.
(Note on § 183).  The quantities of these angles may be de-
termimed by observation in the following manner.

Let a graduated instrument, as D A E (the larger the het-
ter), hining a moveable index with sight-holes, be fixed in such
2 maner, that its plane surface may be parallel to the planc of
the equator, and its edge A D in the meridian : so that when the

cqual to the n ber of degrers of the Sun's alutude at the tune of observation.®

XN B. Whoever looks ut the Sun must have a smoked glas betore his cyes tosave
them from hurt.  The better way 1s not to look at the Sun through the sight holes, but
to hold the quadrant fucing the cye, at a little distance, and so that the Sun shining
through onc hole, the ray mry be seen to fall on the other.

w Thos who how s0 e d ¢f mah mtis, as that the thice angles of ety tnangle are cqual
trtwoght amp o (Laadid, b 1, prop. o2, will casily understand how the quadrant grees us the
altitude of any cdectal body. Smee H O X 1y 8 honzontal Iing, and L FI* peaper dicnlas to the
honzon, 4 1 1 will be a night angled triangh, and the two angles .1 E M, 11 A E, «quat to s ught
angli. Butas 1K ¢ ivaught angle, A4 K Hand H L C arc togather cquat to 4 ught angle  Tiom
tach ot thes takg the avgle 161, aud the semander, HE (ot PF ¢ willbeequalto H 11 the

altitudd of the celestal body S—Ed.
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Moon is in the cquinoctial, and on the meridian 4 D E, she
may be seen through the sight-holes, when the edge of the move-
able index cuts the beginning of the divisions at 0, on the gra-
duated limb D E ; and when she is so seen, let the precise time
be noted. Now, as the Moon revolves about the Earth, from
the meridian to the meridian again, in about 24" 48, she will
go a fourth part round it in a fourth prt of that time, viz.'in
6" 12", as scen from C, that is, from the Earth's centre or pole.*
But as seen from 4, the observer's place on the Farth's surface,
the Moon will seem to have gone a quarter round the Farth
when she comes to the sensible horizon at O ; for the indey,
through the sights of which sheis then viewed, will be at d, 90
from D, where it was when she was seen at £, Now, let the
exact moment when the Moon is scen at O (which will be when
she is in or near the sensible horizon) be @rlly poted,? That
it may be known in what time she has gone from E to O ; which
The Moon's tilie subtracted from G" 12® (the time of her going
horizontalps- from K to L), leaves the time of her going trom O
rallax, what. ¢, L., and affords an casy methad for finding the angle
O A L (called the Moon's horizontul parallar, which is equal to
the angle 4 L C) by the following analogy : as the time of the
Moon’s describing the are £ O is to 90, so is G* 122 to the de-
grees of the arc D d E, which measures the angle E A4 L; from
which subtract 907, and there remains the angle O 4 L, cqual
to the angle 4 L (', under which the Farth’s semidiameter A ¢
1s seen from the Moon. Now, since all the angles of a right-
lined triangle are equal to 180", or to two right angles, and the
sides of a triangle are always proportional to the sines of the
opposite angles, say, by the rule of three, as the sine of the angle
The Moon's 4 L C at the Moon Lis to its opposite side A4 C, the
distance de- Earth’s semidiametcr, which is known to be 3,985

miles, 50 is radius, viz. the sine of 90, or of the right
angle 4 L C, to its opposite side 4 D), which is the Moon's dis-
tance at L from the observer’s place at 4 on the Earth’s surface;
or, so is the sine of the angle C' 4 L to its opposite side C' L,
which is the Moon’s distance from the Earth’s centre, and comes
out at a mean rate to be 240,000 miles. The angle €' 4 L is
equal to what O 4 L wants of 90".

2 Here proper allowance must be made for the refraction, which being about 33
mnumohdegmmmelmmn,wﬂluu-etthmuanmtolppmaamum
above the horizon when her centre is really in it.



CH. IX. OF THE SUN, MOON, AND PLANETS, 89

191. The Sun's distance from the Earth might be my . .1
found the same way, though with more difficulty, if distance can.
his horizontal parallax, or the angle O 4 8 cqual to m’,m
the angle 4 8 C, were not so small, as to be hardly mined as the
perceptible, being scarce 107, or the 360th part of a Moon's.
degree.  But the Moon’s horizontal parallax, or angle 0 4 L,
equal to the angle 4 LJC, is very discernible, being 57’ 187, or

“3438" at its mean state; which is more than 340 tunes as great
asthe Sun's : and, therefore, the distances of the heavenly bodies
being inversely as the tangents of their horizontal parallaxes,
the Sun's distance from the Earth is at least 340 times as great
as the Moon's; and is rather under-rated at 81,000,000 of miles,
when the Moon's distance is certainly known to be 240,000.
But because, according to some astronomers, the Sun’s ho-
Tizontal perallax”is 117, and, according to others, only 107,
the former parallax making the Sun’s distance to be about
75,000,000 of miles, and the latter 62,000,000; we may take
it for granted, that the Sun’s distance is not less, than as de-
duced from the former, nor more than as shewn by the latter:
and every one who is accustomed to make such observations,
knows how hard it is, if not impossible, to avoid an error of a
second ; especially on account of the inconstancy of' horizontal
refractions. And here, the error of one second, 1n so small an
angle, will make an crror of' 7,000,000 of miles in so great a
distance as that of the Sun’s.  But Dr. Halley has shewn us
how the Sun's distance from the Earth, and, conscquently, the
distances of all the planets from the Sun, may be known to with-
in a 500th part of the whole, by a transit of Venus over the Sun’s
disc, which will happen on the 6th of June, in the year H

. . . : . ow near the
1761; till which time we must content ourselves with g 3t may
allowing the Sun’s distance to be about 81,000,000 :ﬂ‘;‘ deter-
of miles, as commonly stated by astronomers.?

192. The Sun and Moon appear much about the The Sun
same bulk ; and every one who understands geome- ‘P;W";’m‘l:’
try, knows how their true bulks may be deduced b.emcmun
from the apparent, when their real distances are the Moon.
known. Spheres are to onc anpther as the cubes of their dia-
meters; whenee, it the Sun be 81,000,000 of miles from tlu.:

3 From observations on the transt of Venus in 1761 and 1769, the horizontal
parallax of the Sun was found to be nearly £”.6G1 which gives us for the meun distance
of the Sun fréu the Larth 95,000,000 of miles.mwEd.
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Earth, to appear as big as the Moon, whose distanee does not
exceed 240,000 miles, he must, in solid bulk, be 42,875,000
times as big as the Moon.

193. The horizontal parallaxes are best observed at the equa-
tor: 1. Because the heat is so nearly equal every day, that the
refractions are almost constantly the same: 2. Because the pa-
rallactic angle is greater there, as at .f (she distance from thence
to the Earth's axiv being greater), than upon any parallel of
latitude, as a or &. )

The relative 194-.. The Eart.h‘.s distmllco from the Sun bang
distances of determined, the distances of all the other plancts trom
n"';..ﬂ:'é':. him are easily fouud by the following analogy, then
areknownto Periods round him being ascertained by obsery ation.
;l:;*‘hm As the square of the Earth’s period round the Sun, 1s
theirreal ds. o the cube of its distancefrom the Sun, so 1s the square
'::ﬁ‘;:;';m of the period of any other planet to the cube of 1 dis.
" tance in such parts or measures a~ the Earth's distanc:

was taken; see § 111, 'This proportion gives the relative mean
distances of the planets from the Sun to the greatest degree of ex-
actness; and they are as follows, having been deduced from then
periodical times, according to the law just mentioned, which was
discovered by Kepler, and demonstrated by Sir saae Newton 4
195. These numbers shew, that although we have the rela-

4 The following calculations, except those n the two last hine , were prnted i
former editions of this work, before the year 1761, Since that tng, these two hines
(as found by the transit A. D. 1761) were added ; and also § 195,

PERIODICAL RLVOLUTIONS TO THE SAME 1IXI D STAR IN DAYY AND

DECIMAL PARIS OF A DAY
Mercury Venus The Larth Mar« Jupier Saturn
8#7.9692 24,6176 365.2368  GRG.OT8S  L332.0014  10750.27.
Relative mean distances from the Sun.
38710 723338 100000 152369 520006 95 10063
From these numbers we deduce, that if the Sun®s horizontal parallax be 107, theical
mean distances of the planets from the Sun in English nules are
31,742,200 50,313,060 H2,000,000 124,942,680 426,478,720 742,204,920
But if the Sun’s parallax be 117, their distances are no more than
21,032,500 54,238,570 75,000,000 114,276,750 390,034,500 715,504,500
Firrors in distance arising from the nustuhe of 1”7 1n the Sun’s parallax,
2,709,700 5,074,490 7,000,000 10,665,830 36,114,220 66,780,120
But, from the late transit of Venus A. b. 1761, the Sun's parallax appears to he
only #” 135 and, sccording to that, therr real distances in nules ure
36,841,168 68,801,480 95,173,127 145,014,148 494,990,076 907,956,130
And their diameters in miles arc .
3100 9360 7970 3150 94,100 77,990
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tive distances of the plancts from the Sun to the greatest nicety,
yet the best obscrvers could not ascertain their true distances,
until the late long-wished for transit appeared, which we must
confess was cmbarrassed with several difficultics. But there
will be another transit of Venus over the Sun on the 3d of June
1769, much hetter suited to this great problem. We wish the
sky may be clear at all places of observation, since there will not
*be such an opportunity again in less than 105 years afterwards.

196. The Earth’s axis produced to the stars, being carried®
parallel to itself during the Earth's annual revolution, describes
a circle in the sphere of the fixed stars equal to the orbit of the
Earth. But this orbit, though very large, would why e ee-
scem no bigger than a point if' it were viewed from lestial poles

. . . secm to keep
the stare; and, congequently, the cirele deseribed in gl in the
the sphere of thestars by the axis of the Earth pro- priod ll'l“ei.n:
duced, if viewed from the Earth, must appear but as en, notwith-
a point, that is, its diameter appears too little to be ;‘3’“““}8 the

. Jarth’s mo-
measured by obscrvation: for Dr. Bradley has as- uonroundthe
sured us, that if it had @nounted to a single second, Sun-
or two at most, he should have pereeived it in the great num-
ber of ohservations he has made, especially upon ¥ Draconis, and
that it secmed to him very probable that the annual parallax of
this star is not so great as a single second, and consequently that
it 1s above 400,000 times farther from us than the Sun. Ience,
the celestial poles secem to continue in the same points of the
heavens throughout the vear, which by no means disproves the
FEarths annual motion, but plainly proves the distance of the
stars to be exceeding great.

197. The small apparent motion of the stars, § 113, dis-
covered by that great astronomer, he found to be nowise ow-
ing to their annual parallax (for it came out contrary thereto),
but to the aberration of their light, which can result {from no
known cause besides that of the EKarth’s annual motion; and
as it agrees so exactly therewith, it proves beyond dispute that
the Earth has such a motion; for this aberration completes
all its various phenomena cvery year, and proves Theamuzng

. . . .. locity of
that the velocity of star-light is such as carries it gy o

L]
* By this is meant, that if a line be supposed to be drawn parallel to the Earth's
axis in any part of its orbut, the axis keeps parallel to that line in every other part of
ity orbit; as in 1g. L. of Plute V', where a b ¢ d e f g & represents the Farth®s orbat
n an obliquc \'l'ﬂ\, and N; the Faarth's axis keeping always parall] to the ine 7N
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through a space cqual to the Sun's digtance from us in 8=
18* of time. Hence the velocity of light is (Smith’s Optics,
§ 1197), 10,210 times as great as the Earth's velocity in its
orbit ; which velocity (from what we know already of the
Earth’s distance from the Sun) may be asserted to be at least
between 57 and 58,000 miles every hour; and supposing it
to be 58,000, this numher multiplied by the 10,210, gives
592,180,000 miles for the hourly motion of light, which last
number divided by 8600, the number of seconds in an hour,
shews that light flies at the rate of more than 164,000 miles
every second of time, or swing of a commen clock pendulum.
See § 166, note.

CHAT. X

THE CIRCLES OI' THhL GIOBE DESCRIBED—THEF DIFFERENI
LENGTHS OF DAYS AND NIGHTS, AND THE VICINSITUDES O1
SEASONS EXPLAINED=—THI EXPLAXATION OF THF PHFNO-
MENA OF SATURN'S RING CONCLUDFD.  (sE1 § 81 anp 82)

Circles of the 198. Ir the reader be hitherto unacquainted with
spherc. the principal circles of the globe, he should now
learn to know them, which he may do sufficiently for his pre.
sent purpose in a quarter of an hour, if he sets the ball of a
Plate 1v.  terrestrial globe before him, or looks at the figure
Fig-2.  of it. wherein these circles are drawn and named
The equator is that great circle which divides the northan half
of the Earth from the southern.  The tiopies are lesser circles
parallel to the cquator, and cach of them is 23}* from it, a de-
gree in this scnse being the 360th part of any great circle¢ which
divides the Earth into two equal parts. The tropic of Cancer lies
on the north side of the equator, and the tropic of Capricorn
wtor. " the south. The arctic circle has the north pole
ml;;,ﬂ,' po. for its centre, and is just as far from the north pole
lar arcles, gy the tropics arc from the equator ; and the antare-
and tic circle (hid by the supposed convexity of' the fi-
. gurc) is just as far from the south pole cvery way round
it. These poles are the very north and south points of the
globe; and all other places are denominated northward o
southward, according to the side of the equator they lic on,
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and the pole to which they arc nearest. The Earth’s Fath
axis is a straight line passing through the centre of ‘
the Earth, perpendicular to the equator, and terminating in
the poles at its surface. This, in the real Earth and planets,
is only an imaginary line, but, in artificial globes or planets, it
is a wirc by which they are supported, and turned round in
orreries, or such like machines, by wheel-work. The Meridian
*circles 12, 1, 2, 3, 4, &c. are meridians to all places -
they pass through; and we must suppose thousands more to
be drawn, because every place that is cver so little to the east
or west of any other place, has a different meridian from that
other place.  All the meridians meet in the poles, and when-
ever the Sun’s centre is passing over any meridian in his appa-
reut motion round the Earth, it is mid-day or noon to all places
on that mendian.

199. The broad space lying between the tropices like a girdle
surrounding the globe, is called the torrid zone, of
which the equator is in the middle all around. The
space between the tropie of Cancer and aretic circle is called
the north temperate zone.  That between the tropic of Capri-
corn and the antaretic circle, the south temperate zone. And
the two circular spaces bounded by the polar circles are the
two frigid zones, denominated north or south, from that pole
which is in the centre of the one or the' other of them.

200. Having acquired this easy branch of knowledge, the
learner may proceed to make the following experiment with his
terrestrial ball, which will give him a plain idea of the diurnal
and annual motions of the Earth, together with the different
lengths of days and nights, and all the beautiful variety of
scasons depending on those motions.

Take about seven feet of strong wire, and bend Pl IV,
it into a circular form, as abed, which being viewed  Fig- 3.
obliquely, appears elliptical as in the figure. Place e‘:m
a lighted candle on a table, and having fixed onc shewing the
end of a silk thread X to the north pole of & small jpere ;¢
terrestrial globe H, about three inches diameter; days and
cause another person to hold the wire circle, so that ¢& »
it may be parallel to the table, and as high as the of seasons
flame of the candle Z, which should be in or near the centre.
Then, having twisted the thread as towards the left hand,
that, by ufitwisting, it may turn the globe round eastward,

axis,

Zones.
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or contrary to the way that the hands of a watch move; hang
the globe by the thread within this circle, almost contiguous to
it, and as the thread untw ists, the globe (whuh is enlightened
half round by the candle, a~ the Earth is by the Sun) will
turn round its axis, and the different places upon it will be
carried through the light and dark hemispheres, and have the
appearance of a regular succession of days and nights, as our
Earth has in reality by such a motion. As the globe turns,
move your hands slowly, so as to carry the globe round the
candle according to the order of the letters aficd, keeping its
centre even with the wire circle : and you wiill pereeive, that
the candle being still perpendicular to the equator, will en-
iighten the globe from pole to pole in its whole motion round
the circle, and that every place on the’ Jobe goes_equally
through the light and the darh, as it turns round by the un-
twisting of the thread, and therefore has a perpetual equinoy or
equality of dav and night.  The globe thus turning round re-
presents the Earth turning round its axis; and the motion of
the globe round the candle represents tla: Farth's annual motion
round the Sun, and shews, that if the Farth’s orbit had no in-
clination to its axis, all the days and nights of the year would
be equally long, and there would be no different seasons. But
now, desire the person who holds the wire to hold it obliquely
in the position ABCD, Yaising the side 5z just as much as he
depresses the side 14, that the flame may be still in the plane of
the circle ; and twisting the thread as before, that the globe
may turn round its axis the same way as you carry it round the
candle, that is, from West to East, lct the globe down into the
lowermost part of the wire circle at 18, and if the circle be pro-
perly inclined,! the candle will shine perpendicularly on the
Summer  tropic of Cancer, and the frigid zone, lying within
solstice. the arctic or north polar circle, will be all in the light,
18 in the figure; and will keep in the light, let the globe turn
ound its axis ever so often. From the equator to the north
polar circle, all the places have longer days and shorter nights ;
bit from the equator to the south polar circle, just the reverse.
"The Sun does not set to any part of the north frigid zone, as
_stewn by the candle's shining on it, so that the motion of the

1 At an angle of 23}° to the horizon, or to thepluneofﬂwhblevhwhluppom

2
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globe can carry no place of that zone into the dark ; and at the
same time the south frigid zone is involved in darkness, and the
turning of the globe brings none of its places into the light. If
the Earth were to continue in the light part of its orbit, the Sun
would never set to the inhabitants of the north frigid zone, nor
rise to those of the south. At the equator it would be always
equal day and night; amd as places are gradually more and more

sdistant from the equator towards the arctic circle, they would
have Jouger days and shorter nights, whilst those on the south
side of tie equator would have their nights longer than their
days. In this case there would be continual summer on the
north «ide of the cquator, and continual winter on the south
sde of it

But as the globe_turns round its axis, move your haud slowly
forward, <o asto (?rrv the globe from H towards E, and the
boundary of hight and darkness will approach towards the north
pole, and recde tow ards the south pole ; the northern places
will go through less and less of the light, and the southern
plves through more and more of' it, shewing how the northern
days decrease in length, and the southern days increase, whilst
the globe proceeds from 27 to £. When the globe Autumna
iv at £, 1t 1s at 2 mean state between the lowest and equinox.
highest parts of its orbit; the candle is directly over the equator,
the boundary of light and darkness just reaches to both the
poles, and all places on the globe go equally through the light
and dark hemispheres, shewing that the days and nights are
then equal at all places of the Earth, the poles only excepted,
for the Sun is then setting to the north pole, and rising to the
south pole.

Continue moving the globe forward, and as it goes through
the quarter 4, the north pole recedes still farther into the dark
hemisphere, and the south pole advances more into the light, as
the globe comes nearer to o5 ; and when it comes there at F, the
candle is directly over the tropic of Capricorn, the Winter
days arc at .the shortest, and nights at the longest, sobtice.
in the northern hemisphere, all the way from the equator to the
arctic circle, and the reverse in the southern hemisphere from
the equator to the antaretic circles; within which cirele, it is dark
to the north frigid zone, and light to the south.

Continue both motions, and as the globe moves through the
quarter B, *the north pole advances towards the light, and the
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south pole recedes towards the dark ; the days lengthen in the
northern hemisphere, and shorten in the southern: and when
the globe comes to G, the candle will be again over the equator
(as when the globe was at E), and the days and nights will again
Vernal be equal as formerly, and the north pole will be just
equinox.  coming into the light as the south pole is going out
of it. .

Thus we sce the reason why the days lengthen and shorten
from the equator to the polar circles every year ; why there is
sometimes no day or night for many turnings of the Earth,
within the polar circles; why there is but one day and one night
in the whole year at the poles; and why the days and nights
are equally long all the year round at the equator, which is
always equally cut by the circle bounding light and tarkness.

201. The inclination of an axis or orbat 15 moroh,
relative, because we compare it with some other axis
or orbit which we consider as not inclined at all.  Thus, our
horizon being level to us, whatever place of the Farth we are
upon, we consider it as having no inclination ; and yet, if we
Fie. 3. travel 90° from that place, we shall then have an
ig . . . T
horizon perpendicular to the former, but it will still
be level to us. And if Plate IV be held <o that the crele?
ABCD be parallel to the horizon, both the circle abed, and the
thread or axis K, will be inclined to it. But if tne plate be
held so that the thread be perpendicular to the horizon, then
the orbit ABCD will be inclined to the thread, and the orbit
abed perpendicular to it, and parallel to the horizon. We ge-
nerally consider the Earth’s annual orbit, as having no inclina-
tion, and the orbits of all the other plancts as inclined to it,
§ 20.

202. Let us now take a view of the Earth, in its annual
course round the Sun, considering its orbit as having no incli-
nation; and its axis as inclining 23}° from a line perpendicular
to the plane of its orbit, and keeping the same oblique dirce-
tion in all parts of its annual course, or, as commonly termed,

keeping always parallel to itsclf, § 196.

* All circles appear elliptical in an oblique view, as is evident by looking oblique-
ly at the rim of & basin ; for the true figure of a circle can only be seen when the
eye is directly over its centre. The more obliquely it is viewed, the more elliptical
it appears, until the eye be in the same plane with it, and then it appears like a
straight line.
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Leta, b, ¢, d, e, f; Wil I be the Farth in eight piae v,
different. parts of its orbit, equidistant from one an- Fis- 1.
other; N s its axis, N its north pole, # its south pole, and §
the Sun nearly in the centre of the Earth’s orhit, § 18. As
the Earth goes round the Sun according to the order of the
letters abied, &c. its axis Ns keeps the same obliquity, and is
still parallel to the line MNs. When the Earthis , ...
At @, its north polc inclines towards the Sun §, and wview of the
brings all the northern places mere into the light **™*
than at any other time of the year. But when the Earth is at
« in thebpposite time of the year, the north pole declines from
the Sun, which occasions the northern places to be more in the
dark than in the light; and the reverse at the southern places,
g js epidle he, fjrure which I have taken from Dr. Long’s
astronomy. «When the Earth is either at ¢ or g, its axis in-
tlimes netther to nor from the Sun, but lies sidewise to him ;
and then the poles are in the boundary of light and darkriess,
and the Sun, being directly over the cquator, makes equal day
and night at all places. When the Earth is at b, it is half-way
between the summer solstice and harvest equinox ; when it is
at d, it is half-way from the harvest equinox to the winter sol-
stiee; at £, half-way from the winter solstice to the spring
cqumox ; and at &, half-way from the spring equinox to the
summer solstice.

203. From this oblique view of the Karth’s orbit,
let us suppose ourselves to be raised far above it,
and placed just over its centre §, looking down' upon it from
its north pole ; and as the Earth’s orbit differs but very little
from a circle, we shall have its figure in such a view represent-
od by the circle ABCDEFGH. Let us suppose this circle to
be divided into 12 equal parts, called signs, having their names
aflixed to them ; and cach sign into 30 equal parts, called de-
grees, numbered 10, 20, 80, as in the outcrmost The seasons
circle of the figure, which Tepresents the great ccliptic "'ﬂ:ﬂ n an
in the hoavcns The Larth is shewn in elght. dif- g F.':t:
ferent positions in this circle, and in each position and its orbit.
ZE is the equator, 7" the tropic of Cancer, the dotted circle the
purallel of London, U the arctic or north polar circle, and P
the north pole, where ol the meridians or hour-circles meet, §
198. As the Earth goes round the Sun, the north pole kecps

vOL. L. ° H
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constantly towards one part of the heavens, as it keeps in the
figure towards the nghl hand side of the plate.

When the Earth is at the beginning of’ Libra, namely, on
the 20th of March, in this figure (as at g in Fig. 1) the Sun
¥ as scen from the Farth appears at the beginniug of' Aries in
Vernal the opposite part of the heavens,' the north pole is
fquInOK. st coming into the light, and the Sun is vertical
to the equator; which, together with the tropie of Cancer, pa
rallel of London, and arctic circle, are all equally eur by the
eircle hbounding light and darkness, coinciding with the sin

o'deck hour circle, and thevéfore the days and mghts ate equal-
ly long at all places ; for every part of the meridian L7 La
comes into the light at six in the morning, and resoiving with
the Farth according to the order of the hour-lettegn, «oes mito
the dark at six in the cvening.  There are™TF A nduns o
hour-circles drawn on the Earth in this figure, to <hew the time
of' Sun rising and setting at different seasons of the vaar,

As the Farth moves in the ecliptic according to the order of
the letters ABCD, &ec. through the sigus Lalia, Seorpio, and
Sagittarius, the north pole P comes more aud more mto the
light ; the days increase as the nights deercase in lcn;,lh. at all
places north of the equator JZ, wlmh i~ pl.un by viewing the
Earth at b on the 5th of May, when it is in the 15th de. wree of
Scorpio,* and the Sun as seen from the Farth appears in tlw 151h
degree of Taurus.” For then, the tropic of Cancer 7715 m the
light from a little after five in the morning till aAlmost seven 1w
the_evening ; the paralld of London from hal” an hour pas
four till half an hour past seven; the polar circle U fiom thiee
till nine: and a large tract round the north pole 2 has day all
the 24 hours, for many rotations of the Earth on its axis.

When the Earth comes to ¢, at the beginning of (' aprworn.
and the Sun as scen from the Earth ‘appears at the be ginning of’
Cancer, on the 21st of June, as in this figure, it is in the posi-
tion ¢ in Fig. 1; and its north pole inclines towards the Sun,
80 as to bring all the north fngul zone into the light, and the
northern parallels of latitude more into the light than the dark.

5 Ilere we must supposc the Sun to be no bigger than an ordinary point (as . )
-because he only covers & circle halt’ a degree in didmeter in the heavens ; whereas in
the figure hehides a whole sign at once from the Farth,

¢ Here we must suppose the Farth to be a nduch smaller polm than that in the
preceding note marked for the Sun,
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from the equator to the polar circle, and the more %o as they
are farther from the equator.  The tropic of Cancer is in the
light from five in the morning till seven at night, the parallel of
London from a quarter before four till a quarter after eight ;
and the polar circle just touches the dark, so that the Sun has
anly the lower halt' of his disc hid from the inhabi- gummer
tants on that circle for e« few pinutes about mid- *obbew
anht, supposing no inequalives in the horizon, and v refrac.
tions, .

A bare view of the fieure is enbugh to shew, that as the
Larth advanees from Capricorn towards Aries, and the Sun
appears to move from Cancer towards Libra, the north pole
recedes towards the dark, which causes the days to decrease, and
lhu mnhh to mercasg length, ill the Earth comes Autumnal
1o |‘he IManmu of Aries. and then they are equal as equino.
hefore, for the houndary of light and darhness cuts the equator
and all s parallels -qu.lllv, or in halves. The north pole then
goes mto the dark, and continnes therein until the Farth goes
halt” wav round its orbite or from the 23d of September till the
M of March.  In the middle between these times, viz. on
the 23 of December, the north pole is as far as it can be in
the dark, which is 23}, equal to the inclination of ywinter
the Earth's axis from a perpendicular to its orbit, sbtee.
nd then the novfhern parallels are as much in the dark as they
were m the light on the 215t of June: the winter nights being
as long as the summer days, and the winter days as short s tho
summer nights, It is needless to enlarge farther on this sub-
jeety ‘s we shall have oceasion to mention the seasons again in
deseribing the Orrery, § £39. Only this must be noted, that
all that has been said of the northern hemisphere, the contrary
must be understood of the southern; for, on different sides of
the equator the seasons are contrary, because, when the northern
hemisphere inclines towards the Sun, the southern declines from
i,

204. As Saturn goes round the Sun, his obliquely o, . pheno-
posited ring, like our Karth's axis, keeps parallel to mens of Sa-
itself, and is therefore tumned edgewise to the Sun turn’s ring:
twwe .in a Saturnian ycar, which is almost as long as 30 of our .
year, § 81. But the ring, though considerably broad, is
thin to be seen by us when it is turned edgewise to the Qun,
‘Which time # is also edgewise to the Earth; and therefore it
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disappears once in every 15 ycars to us. As the Sun shines
half a year together on the north pole of our Earth, then disap-
pears to it, and shines as long on the ~outh pole ; so, during one
half of Saturn’s year, the Sun shines on the north side of s
ring, then disappears to it, and shines as long on its south side.
‘When the Earth's axis inclines neither to nor from the Sun,
but sidewise to him, he instantly ceases to shine on one pole,
Appearance and bLg'ms to enlighten the other; and when Sa-
J‘?snp. turn’s ring inclines m.-nhu' to nor from the Sun, but
m;:g sidewise to him, he ceases to,shine on the one side
of it, and begins to shine upon the other.
Plate V., Let § be the Sun, ABCDEFGH Saturn’s orbnt,
Fig. 3. and IJKLMNO the Earth’s orbit.  Both Saturn and
the Earth move awordlng to the order of the lette T and when
Saturn is at A his ring is turned cdgewi ise 07 the it S, and
he is then secn from the Earth as if he had lost his ring, let the
Earth be in any part of its orbit whatever, exeept between N
and O; for whilst it describes that space, Saturn is apparently
so near the Sun as to be hid in hisdeams.  As Saturn goes
from 4 to C, his ring appears more and more open to the
Earth: at C the ring appears most open of all ; and seem. to
grow narrower and narrower as Saturn goes fiom Cto £ and
when he comes to E, the ring is again turned edgewise both to
the Sun and Earth; and as neither of its sidds are illaminated,
it is invisible to us, becauw its edge is too thin to be percep
tible, and Saturn appears again as if he had lost his ring. But
as he goes from E to G, his ring opens more and nore to our
view on the under side, and scems just as apen at G as it was
at C, and may be scen in the night-time from the Farth in any
part of its orbit, except about Af, when the Sun hides the planet
from our view. As Saturn gocs from G to 4, his ring turns
more and more edgewise to us, and therefore it seems to grow
narvower apd marrower, and at 4 it disappears as before.
Hence, while Saturn gacs from 4 to £, the Sun shines on the
upper side of his ring,. and the under side is dark ; and whilst
he goes from E to 4, the Sun shines on the under side of his
ring, and the upper sidc is dark.
It may perhaps be imagined, that this article might have
*been placed more properly after § 81 than here; but When
Fig dand 5. the candid reader considers, that all the various phe-
nomena of Saturn’s ring depend upon avause similar
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to that of our Earth's scasons, he will readily allow that they
are best explaingd together, and that the two figures serve to
illustrate each other.

205. The Earth’s orbit being elliptical, and the The Torh
Sun mnstzml}y keeping in its luwcr' focus, which is o ;lil:u
1,977,000 miles from the middle point of the longer ihan i sum~
anis, the Earth comes wice so much, or 2,754,000 mer

*mnles nearer the Sun at one time of the year than at another ;
for the Sun appearing under a larger angle in our winter than
summer, proves that the Earth is nearer the Sun in winter
(see the note on article 185). But here this natural question
will arise, YWhy have we not the hottest -weather when the
Farth is nearest the Sun? In answer, it must be Whytheweu.-

Jbseryed, that the gecentricity of the Earth's orbit, theris coldest
or 1.377,000 nnies, bears no greater proportion to %"’i‘:
the Farth’s mean distance from the Sun than 17 nearest the
does 10 1000 ; and therefore this small difference of 5™
distance cannot occasion any great difference of heat or cold.
But the principal causesof this difference is, that in winter the
Sun’s rays fall < obliquely upon us, that any given number of
them is spread over a much greater portion of the Earth's sur-
face where we live, and therefore cach point must then have
fewer rays than in summer.  Moreover, there comes a greater
degree of cold in the long winter nights than there can retwn of’
heat 1 so short days, and on both these accounts the cold must
mciease.  But in scummier the Sun’s rays fall more perpendicu-
larly upon us, and therefore ‘come with greater force, and in
greater numbers on the same place, dnd, by their long conti-
nuance, a much greater degreé of heat is imparted by day
than can fly off by night.

206. That a greater number of rays fall on the same place,
when they come perpendicularly, than when they come oblique-
Iy on it, will appear by the figure. (Sec § 169, note.) For,
let AR be a certain number of the Sun’s rays falling Prae VI

» @@ CD (which let us suppose to be London) on the Fig 2
214t of June; but, on the 22d of December, the line C D, or
London, has the oblique position Cd to the same rays, and
thercfore scarce a third part of them falls upon ig, or only
those between 4 and ¢, all the rest ¢ B being expended on the'
space d/P, which is more than double the length of (D or ('d.
Bedides, those parts which are once heated, retain the beat for
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some time, which, with the additional heat daily imparted,
makes it continue to increase, though the Sun declines towards
the south, and this is the reason why July is hotter than June,
although the Sus has withdrawn from the sumner tropic, as
we find it is generally hotter at three in the afternoon, when
the Sun has gone towards the west, than at noon, when he is
on the meridian.  Likewise, those plases which are well cooled
require time to be heated again, for the Sun’s ray¥ do not heate
even the surface of any body till they have been <ome time
upon it. And therefore we find Jamuagy for the most pant
colder than December, although the Sun has withdrawn from
the winter tropic, and begins to dart his beams e perpench.
cularly upon us, when we have the position CF. - Au uwon bar
is not heated immediately upon being pyt into the lire, nor
grows cold till some time after it has heen tahth ol

CHAP. XI..

I‘EE METHOD OF FINDING THL LONGIIIDI BY JH) IC1ipss
OF JUPITER'S SATFELLITLN=—-THI. AMAZING VILOCIT: 0O}
LIGHT DEMONSTRATLD BY THESL ECLIPsL S,

Fimt mes. 207 Grocrarmens arbitrardly choose to call the
irst men- . 3 . - . .
diao and  meridian of some 1emarkable place the first meri-
m;: dian. There thcxb(-gil.l their reckoning, and ju?t
“ s0 many degrees and minutes as any other place i
to the eastward or westward of that meridian, so much east
or west longitude they say it has. A degree is the 360th part
of a circle, be it great or small, and a minute the 60th part of
a degrec. The English geographers reckon the longitude from
the meridian of the royal observatory at Greenwich, and the
French from the meridian of Paris. oo
Plate V. 208. If we imagine 12 great cireles, one of which
Fig. 2 is the meridian of any given place, to interscet cach
other in she two poles of the Earth, and to cut the equator JF
t every 15th degree, they will be divided by the poles into 24
semicircles, which divide the equator into 24 equal pdrts: and
as the Earth turns on its axis, 1Me plance of these emicircies
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come successively after one another every hour t0 4 i
the Sun. As in an hour of time there is a,re. ﬁ.bo:;:
volution of 15° of. the eghator, in a minute of §&¢ “I"
time there will be a revolution of 15 of the or, gt '
and m a second of time a revolution of 15”. There are two
tables annexcd to this ¢hapter for reducing mean solar time in-
to degrees and minutes of the terrestrial equator, and also for
vouyerting degrees and parts of the equator into mean salar
tune.

209. Becanse the §un enlightens only one-half of the Earth
ut once, as 1t turns round its axs, he rses to some places at the
sune moments of absolute time when he scts to others; and
@hen it 1 wid-day to some places, it is mid-night to others.
The AL on the middle of the Earth’s culightened side next
th Sun stands “for nud-day, and the opposite XIT on the
nuddle of the dark wide for nudnight. If we suppose this
aucle of howrs to be fixed in the plane of the equinoctial, and
the Larth to turn round within it, any particular meridian will
comie to the different hours, so as to shew the true time of the
dayv or mght at all places on that mendian. Therefore,

£10. 'To every place 15° eastward from any given nieridian,
1t 15 noon an hour sooner than on that meridian ; because their
meridian comes to the San an hour sooner ; and, to all places
15 westward, it 1s noon an hour later, § 208, because their
meridian comes gn hour later to the Sun, and so on; every 15°
of motion causing an hours difference of time. There- And

» conse-
fore, they who have noon an hour later than we, guenily to
have ther meridin, that 15, ther longitude, 15° 13 o longi-
ude.
westward from us; and they who have noon an
hour wooner than we, have their mgridian 15° eastward®from
ours, and so for every hour's difference of time 15° difference
of longitude. + Consequently, if the beginning or ending of a
luna echipse be observed, suppose at London, to be exactly at
nud-night, and in some other place at 11 at night, ;oo cclipn
that place is 15° westward from the meridian of ses useful
London: if the same eclipse be observed at 1 in f;‘;‘“:ﬁd?
the morning at another place, that place is 15° east-
ward from the said meridian.!

S .
! The longtude may be determined also, by observing the arriral of the Farths
shudow at the different spots 'n the Moon’s surece. This method mow dbtuns
umversally smong astiohomers, snd is pretty accurate, as we oun take the incduun of
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' 211. Bat @8 it is not easy to deterpine the exact moment
pither of the heginning or ending of & lunar eclipre, because
the Earth's shadow through which the Moon passes, is faint
"and ill defined gbout the edges, we have recourse to the
Eddipees of cclipses of Jupiter's satcllites, which disappear so
ma =- instantaneously as they enter into Jupiter's +hadow,
for that #NU emerge so suddenly oyt of it, that we may fix
lmrpﬂ- the phenowenon to a second of time. The first, or
nearest satellite to J upiter, is the most ndvmngwus for this
, because its motion is quuker thnn the motion of any
of the rcst, and therefore its immersions and cmersions me
more frequent.
212. The English astronomers have calculated tables il
shewing the times of the cclipses of Jupiter's atellites o
precision, for the meridian of Gireetwich’? Now, et ‘an
erver, who has these tables, with a good telcsope, and a
well regulated clock, at any other place of the Farth, observe
How to sive 1h¢ beginning or ending of an cclipse of one of Jupn-
this impart- ter's satcllites, and note the precise moment of tnue
ant that he saw the satellite cither immerge into, or
emerge out of the shadow, and compare that time with the time
shewn by the tables for Greenwich; then, 15° dufference of
l(mg'lmde being allowed for cvery lwur's difference of timie,
will give the longitude of that place from Greenwich, as aboue,
§ 210; and if there be any odd minutes of, time, for evary
minute a quarter of a degree,. easy or west, must be allowdd, as
the time of observation is later ur carlier than the time shewn
by the tables. Such eclipses are very convenient for this pur-
pose at land, because they happen almost every day ; but are
of no'use at sea, because ghe rolling of the ship hinders all nice
telescapical observations.
Plate V. 218. To cxplain thishy a ﬁgure, leb J be Jupiter,
Fig. 2. K, L, M, N, his four satellites in their respective

a grest number of observations. It is necessary, however, to be acquainted with the
names and position of the lunar spots. SeeduSuppkummydupuonSM

2 'l‘b eclipses of all J’upwer'l nmmmuihanmﬁdAlmmd:
every year, and are computed from the accurate tables of Delambre. The eclipses
he firet apd second satellites are most proper for finding the longitude, not only
¢ their theory 15 much more perfoet than that of the other two 3 but because
in Alflicult to observe meu‘:tdme-hnmmdudmmdhwlnm

L juto, wnd emerge from, the shadow of JupitereeEd. ,



CH. XI.  THE METHOD OF FINSIWaVeRE thidestoes. ' 305

orhits 1, 2, 8, 4; and,Jet the Earth be at f{suppost in Novem-
ber, although that manth is no otherwise materisl than to find
the Earth readily in this scheme, where it is shewn Tmowatedny
in eight different parts of its orblt) Let Q be a ® exaniple.
place on the meridian of Greenwich, and R a place on some
other meridian eastward from Greenwich. Let a person at'®
obrerve the instantaneous vanishing of the first satellite X into
* Jupiter's shadow, suppose at 3 o'clock in the morning; but hy
the tables he finds the immersion of that satellite to be at mid-
night at Greenwich : he can then immediatcly determine, that as
there are 8 hours diﬁ'erenee of time between Q and R, and
that R is 8 hours forwarder in reckoning than Q, it must be
45" of east longitude from the meridian of Q. Were this me-
1qul as pmctlcnb]e 2t sea as at land, gny sailor might alost as
m-xl\, “ind with cqual certainty, find the longitude as the
latitude.
214. Winlst the Farth is going from C to F in its
orhit, only the immersions of Jupiter’s satellites into .,"heb,_
his shadow are generally seen; and their emersions &'ﬂhs ;:l
out of it while the Earth goes from G to B. Indeed, syme
hoth thew appearances may be seen of the 2d, 3d, “f"? Ju-
- #th, satellite when cclipsed, whilst the Earthis & oo
between D and E, ot between G and 4; but never of she
It satellite, on account of the smallness of its orbit and
the bulk of Jupiter; except only when Jupiter is directly op-
posite to the Sun; that is, when the Earth is at g: and even
then, strictly speaking, we cannot see either the immersions or
cmersions of any of his <atcllites, because his body being di-
rectly between us and his conical shadow, his satellites xe hid
by his body a few moments before they touch his shadow ; and
are quite omcrgvd from thence before we can see them, as it
were, just dropping from him. And when the Earth is at ¢,
the Sun, being between it and Jupiter, hides both lnm and his
moons from us. d
In this diagram, the orbits of Jupiter’s moons are dmwn in
true proportion to his diameter; but, in proportion to the Earth s
orbit, they are drawn 81 times too large.

215. In whatever month of the year Jupiter is con;ulm-.
tion with the Sun, or in opposition to,him, in the nl:}l'yhrqv‘
will' be a month later at least, For, whilst the Karth goes
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" Juper'toms fmoe round'the Sun, Jupiter describes a 12th part
fuwonsvith of his ofit. And, thercfore. when the Earth has
oppositionato finished its annual period from heing in a line with
him,;‘e_'ﬂ‘y the San and Jupjter, it must go as much forwarder
%Pﬂ; as Jupiter has noved in that time, to overtahe him
the hee- again: just like the minute-hand of a watch, which
must, from auy conjunction #ith the hour-hand, go
once romnd the dial-plate, and somewhat above a 12th part
more, td overtahe the hour-hand again.
£16. It is found by observation, that wheu the Farth is be-
tween the Sun and Jupiter, as at g, his safellites are echipsad
sbout 8 minutes sooner than they should be according to the
tables: and when the Earth is at B or () these eclipses happen
about 8 winutes later then the tables predjet them.  Hepee it
is undeniably certain that the motion of hght ‘18 not instanta.
neous, since it takes about 16} minutes of thne to go through
a space equal to the diamcter of thet Barth's orbit, wiich is
162,000,009 of miles in length : and, consequently, the particles
of light fly about 164,494 miles every sccond of time, which 1
above'1,000,000 of titmes swifter than the motion of a cannon
The suvpris. Dullet. And as light tahes, 16} minutes to travel
ing velocity across the Earth's orbit, it must be 8} mmutes m
coming from the Sun to us; therefore, if the Sun
were annihilated, we should see him for 8} minutes after: and
if he were again created, he would be 8§ minutcs old hefor
we could see him. ‘
Plate VI 217. To expluin the ]u!:)-_:r(-s«ivc motion of light,
Fig. 5. let 4 and B be the Larth m two different parts of
its orbit, whose distance from cach other is 81,000,000 of miles,
THustrted by equal to the Earth’s distance from the Sun §: it
s figure. is plain, that if the motion of’ light were mstantune-
ous, the satellite 1 would appear to enter into Jupiter™s shadow
FF at the same moment of time to a spectator in A as to ano-
ther in B.  But by many years' ohservation it has been found,
that the immnersion of the satellite into the shadow, is seon *
minutes sooner when the Barth is at B, than whon it is at 4.
And so, as Mr. Romer first discovered, the motion of light s
thereby proved to be progressive, and not instantancous, as was
Hemaly helicved. Tt ip cnsy to compute in what time the
Earth mopes from A to B; for the chord of G0 of any circle

vens,
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is cqual to the semi-digmeter of that cirele; and as the Earth
goes through all the 860° of its orbit in & year, ifygocs through
G0 of those degrees in about G1 days. "Therefore, if on any
given day, suppose the 1st of Jung, the Earth is at 4, ot the
lsl of August it will be at B: the chord, or straight line 4 B,
being equal to D S, the radius of the Earth’s orbit, the same
with 4 § its distance from the Sun. +
o 218. As the Earth moves from D to C, thro the side
A B of its orbit, it 15 constantly mecting the light of Jupiter's
satellites sooner, which occasions an apparent acceleration of
thar celipses - and' as it moves thiough the other half 7 of its
orhit, from (' to D, it is receding from their hight, which occa-
<rons an apparent retardation of their eclipses, because their
Dight js ghen longer pefore it overtukes the Earth.

*a19. That thew acederations of the immersions of Jupiter's
atellites into his shadow, as the Earth approaches towards Ju-
piter, and the retardations of their inmmersions out of his sha-
dow, as the Earth is going from him, are not occasioned by
amy mequality arising f\om the motions of the sateilites in ce-
centiie orBitsy is plain, beeause it affects them all alike, in ‘what-
«ver parts of their orbits they are eclipsed.  Besides, they go
often round their orbits every year, and their witions arc no
way commensurate to the Larth™.  Therefore, a phenomenon
not to be acconnted for from: the 1eal motions of the satellites,
but o casily deducible fiom the Eath’s motion, and S0 answer-
able lluwto, must b allowed to result from it.” This affords
one very good proof of the Earth’s annual motion,
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230y, Tables for converting mean solur Time into Degrees and Parls
o the Terrestrial Equator ; and albso fior converting Degiees and
Paris of the Equator into mean solar Toue. *

TasrLx I. Forconverting Tie into

Taste IL Fos comerting I mc.a

Degrees and Parts of the Equator. and Parts of the Yiquator wnto T'mu.
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These are the tables mentioned in the 208th article, and are
so casy that they scarce require any facther jon than to
inform the reader, that if, in Table I, he reckons the columns
marhed with asterisks to be minutes of time, the other columns
give the equatorial. parts or motion in degrees and minutes ; if
he rechons the asterisk columns to be seconds, the others give
the motion in minutes and seconds of the equator ; if thirds, in
scconds and thirds ; and if, in Table I1, he reckons the asterisk
columns to be degrees of wotion, the others give the time an-
swering thercto in hours and minutes ; if inutes of motion, the
tune mninutes and seconds ; if seconds of motion, the corre-
sponding time i3 given in seconds and thirds. An example i
cach case will make the whole very plain. .

¥ 2WAMPLL I.

In 108 15™ 24 20th, Qu.
How much of the cquator re-

EXAMPLE II.

In what time will 158° 51’ 5*
of the equator revolve through

volves through the marNian? | the meridian ?

DY M. B He M. 8. T,

Hours 10 150 0 O De 150 10000

Mm 15 345 0 &1 38 12 0 0

See. R4 6 0| Min. 51 824 6

Thuds 20 5 | Sec. 5. 20

Auswer 153 51 5 Answer 10 15 24 20
(HIAP. XII.

OF SOLAR AND SYICREAL TIME.

Sydere dn 221. Tue stars appear to go round the Earth in
shorter than 28 56™ 4%, and the Sun in 24": so that the stars
wlardays,nd ggin 5™ 56* upon the Sun every day, which amounte
bl to one diurnal revolution in a year ; and, therefore,
in 3659, as measured by the returns of the Sun to the meridian,
there are 366%, as measured by the stars returning to it: the
former arc called solar days, and the latter sydereal.

The diameter of the Earth’s orbit is but a physical W :
proportion to the distance of the stars; for which reason, and
the Earth's uniform motion on its axis, any given meridian wilk
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revolve from any star to the same star again in every abwlute
. tarn of the Earth oa its axis, without the least perceptible dut
ference of time shewn by a clock which goes exactly truc.

If the Earth had only a diurnal, without an annual motion,
any given meridian would revolve from the Sun to the Sun
again in the same quantity of time, as from any rtar to the <mue
star again ; because the Sun would never change lus place with
respect to the stars.  But, as the Earth advanees almost a de o
gree eastward in its orbit in the time that it turns castwand
round its axis, whatever star passes over the mernhian on any
day with the Sun, will pass over the same mandian on the nest
day, when the Sun is almost a degree short of 1t; that i, 3 56
sooner. If the year contwned only 865 dayvs, as the «chiptu
doey 360 degrees, the Sun’s apparent place, <o far as s motun
is equable, would change a degree every day ; avl than the
sydercal days would be just # wnutes shorter than the whu
Plate 111 Let ABCDEFGHIKLM be the Larth's orhat, i

Fig 2 which it goes round the Sun everv year, according to
the order of the letters, that is, from moest to cast: and tuins
round its axis the same way from the Sun to the Sun agun
every 24 hours. Let & be the Sun and R a fived star, at such
an immense distance, that the diameter of the Barth™s orlnt boas
no sensible proportion to that distance.  Let .V w he any par
ticular meridian of the Karth, and ¥ a given point or place upon
that meridian. When the Lath is at A, the Sun $ nde« the
star R, which would be alwar s hid of the Farth never removed
from 4 ; and, consequently, as the Larth turns round us avis,
the point .V would always come roumnd to the Sun and star at
the same time. But when the Barth has advanedd, suppose a
12th part of its orbit from 4 to B, its motion round 1ts axis will
bring the point N a 12th part of a natural day, or 2 hours,
sooner to the star than to the Sun; for the angle V 8 n 1 cqual
to the angle 4 8 B; and, therefore, any star which comes to
the meridian at noon with the Sund when the Farth isat 4, will
come to the meridian at 10 in the forcnoon, when the Earth is
at B. When the Earth comes to C, the point N will have the
star on its meridian at 8 in the morning, or 4 hours sooner than
it comes round to the Sun: for it must revolve from N to n,

:? has the Sun.n its meridian. When the Earth comes
to D] the poiat IV will have the star on its mefidian at 6 in the
morping, but thay point must revolve 6 hours more from N to
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n, before it has mid.day by the Sun: for now the angle 4 § D
i a right angle, and so is N D'n; that is, the Earth has ad.
vanced 90° in its orbit, and must turn 90° on its axis to carry
the point V from the star to the Sun’: for the star always comes
to the mendian when N m is parallel to B S 4; because D §
1 but a point in respect of B §.  When the Earth isat E, the
star comes to the meridian at 4 in the morning; at F, at 2in
otbe morming ; and at G, the Farth having gone half round its
orbit, N” pomts to the star R at midnight,’it being then directly
oppusite to the Sun; and, therefore, by the Earth’s diurnal mo-
tion, the star comes to the meridian 12 hours before the Sun.
When the Earth 1s at Z7, the star comes to the meritian at 10
m the evemng ; at 7 it comes to the meridian at 8, that is, 16
hours before the Sun; at X 18 hours before him; at L 20
Liouts , “at 37 92 hours; and at 4 equally with the Sun again.
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over the Meridian in ony part of a mcun Solur Day, and
Bow much the Fired Stars gnin upon the mean Solur T'ime

every Day, for a Month.
Time] Mouon. [Tune] Motwn. |Tumed Motwn. T
Aeedorwion '

*Min [Deg Viu S [*Mm {Iag Min S ot U
Finad M ‘t
Set. m See Th] Sv MmN 1Y t
Hours | Dep. Min Secf The {See. Th th |~ In N ojuow st
1(15 295 1/015 281|746 16 0 356
230 4 21030 50328 119) 2{0 7 54
3|45 724 8|0 45 831816 2 3011 1y
4160 951 4|1 010/ 3468124 {015 8}
51% 12 ml 5111512358 626 7]0 19 3y
f

61901447 6118015469 1299 6G|023 5%
THO5 17T 15| T 14517 479 16 mu Y0875
8112019 43 8|2 02 58| Q3134 8|051 2
985 22 11 9215230 91-6:;6l 910 35 2,
10 [150 24 34 10 | 2 50 25] 40 {10 1 59} 10 | 0 39 19
11 165 27 611|245 27 41 ]10 16 41 11 | 0 43 13
12 {180 29 84 12 |3 0 30| 42 {10 31 48] 12| 0 47 11
13 195 82 1813 15 82 #3110 16 46] 13| 0 51 =
14 210 34 141830 34 #4111 148 1+ |0 55 4
15 225 36 58/ 15 | 8 45 37| 15 |11 16 51§ 15 | 0 58 38
16 240 39 261 16 [ 4 0 39 #6 |11 41 53] 16 {1 2 5
17 855 41 53] 17 | 4 15 41| 47 |11 16 56§ 174 1 6 50|
18 270 44 21] 18 | 4 30 44] 18 12 1 35 18| 1 10 46
19 46 19144543049 (1217 1 10|11+ 12
20 4017120 |5 0 49 50 {12 32 31 20 |1 18 3%
21 B15 51 21 |5 15 59 51 [12 47 6].21 |1 22 81
22 54 221530 54521013 2 s122]1 26 80
28 1345 50 23 | 5 45 57 53 {13 17 11 23 | 1 40 26
U 59 8246 059 541332 13) 24 |1 34 12|
e5 876 1 261616 9| 55 13 47 16§ 25 | 1 88 17]
2 391 4 2016 31 606 M 218 26| 1 42 13
63%9 27646 S5TN4 17 211 2711 46 ¢
2l 9 2817 1 58 (14 32 23] 28 | 1 50 5
] 11 2917 16 11 59 {14 47 1154 1
30 18 50130 |7 81 1460 |15 2 30|1575
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229. Thus 1t is phm, that an sbeolute turn of ., 4.0
the Farth on its axis (which is always completed tum of tha
when any particular meridian comes to be paralle] Eanth on fts
to its situation at any time of the day before) never finuhes a so-
brings the same meridian round from the Sun to day.
the Stih agaifi Thut that the Earth requires as much more than
one turn on 1ts axis to figish a natural day, as it has gone for-
ward in that time; which, at a mean state, is a 865th part of
a circle  Hence, 1n 365 days, the Earth turns 366 times
round 1ts anis, and, therefore, as a tmin of the Earth on its
axis completes a sydercal day, there must he one sydereal day
more n a year than the number ot wolar days, be the number
what 1t will, on the Earth, or any other planet ;—one turn be-
mg lost with respect to the numbcr of solar days in a year, by
the planct™s going round the Sun . just as it would be lost to
a traveller, who, n gong 10und the Larth, would lose one day
by following the apparent diurnal motion of the Sun; and,
conscquently, would rechon one day less at his return (let him
tahe what time he would to go round the Earth) than those
who remamed all the while at the place from which he set
out So, 1t there were two earths revolving equally on their
a‘es, and it one remaimed at A until the other had  piace 111,
gone round the Sun from 4 to . agan, that earth Fiz- 2.
which kept 1ts place at A4 would have 1ts solar and sydereal
days always of the same length ; and so would have one solar
day more than the other at Ius return, Hence, if the Earth
turned but once 10und 1ts axis 10 a year, and if #hat turn was
made the sam¢ way as the Luth goes round the Sun, there
would be contmual day on one «ade of the Earth, and con-
tinual mght on the othe

223 The fist part of the preceding table shews how much
of the celestial equator passes over the meridian in any given
part of a mean <olar day, and 1~ to be understood. the same way
as the table n the 220th article The latter part, entitled,
Acccleration of the fived Stars, affords us an easy Tolmow by
method of knowing whether or not our clocks and 3:"""""'

a clock
watches go true* for if, through a small hole in a goes true or
window-shutter. or i a thin plate of metal fixed to "o
a window, we observe at what time any star disappears Le%ind
a chimney, or corner of a housc, at a little distance ; and if the
same star digappears the next night 3 minutes 56 seconds sooner

voL. 1 X
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the cloch or wateh, and on the second mght, 7 mmnutes 52
scconds sooner, the third night 11 minutes 48 seconds sooner,
and <o on, every night, as w the table, which shews thie dif-
ference for 3O natural days, 1t 15 an nfullible sign that the ma-
chine gocs true, otherwise 1t does not go true, and must be re-
gulated accordingly , and as the drappeannas6Ta «taf™is in-

stantaneous, we may depend on this mformation to hali a se-
cond.

CIIAP XIII

OF TUHE JQUAIION OF IV}

224. Tur Earths motion on it inis b nfg pofeethy “umform
and equal at all tunes of the veu, the swdarcd dns we alwaye
isely of an cqqual length . and o would the solar o natural
days be, of the Earth’s orbit ware v porfect aredes and it ans
The an sod perpendicular toats bt *Bui the 1 ai's dianal
docks equal  Wotion on an mchned avie and e annual motion
n‘"y‘:f:)" an ellipuc oibt, Cruse the Sun’s apparent motion
© the heavans to be unequal for omcmies b
volves from the mendian to the mandrue agam m ~omewhat
less than 2% homs, <hewn by a wdl-cgulaed dock | and at
other times 1 somewhat mote <o that the tme <shown Iy an
equal going dlock and a true sun diad s nevar the same but on
the 15th ot Apnl, the 16th of June, the 811 of \ugust, and
the 24th of Decembar The dock, af it goes cquably and true
all the year round, will be bofore the S from the 24h of
December till the 15th of Apnil  trom thu time ull the 16th
of June the Sun will be hodore the clock . trom the T6th of June
till the 81st of August the dock will be agam betore the Sun,
and from thence to the 2tth of December the Sun will he laster
thau the cloch
Use of the 225. The tables of the equation of natmal days,
Lquatwn  at the end of the following chapter, shew the time
Foke. that ought to be pomted out by a wellacgulated
dock or watch, every day of the year, at the precise moment
tiar noon ; that 1s, when the Sun’s centre 1s on the mendian,
or when a true sun-dial shews 1t to be precisely 12. Thus, on
the 5th of January, in leap-year, when the Sun 13 on the me-
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ridian, it ought to be 5 minutes 51 seconds past 12 by the
clock : and on the 15th of May, when the Sun is on the meri-
dian, the time by the clock should be but 55 minutes 57 se-
conds past 11: in the former case, the clock is 5 minutes 51
weeerde beforobapd with the Sun; and in the latter case, the
Sun is 4 minutes nds faster than the clock. The column
at the right hand of eXJi month shews the daily difference of
this equation, as it increades or decreases.  But without a me-
ridhan line, or a transit instrument fived in the plane of the me-
ridian, we cannot set a sun-dial true

226, The casiest and most evpeditions way of yroo a0
drawing a mendian line is this- make four or five s meridian
concentrie arcles, about a_ quarter of an inch from it
one anotleer, on a flatshoard, about a foot in breadth ; and let
the outermost arele be but little less than the hoard will con-
tan. I’y a pin perpendicalarly m the centre, and of such a
length that ws whole shadow may fall within the innermost
arele for at loast 1 houns i the middle of the day. The pin
ought to be about an 8th part of an inch thick, and to have a
round blunt pomt. The hoard being <et exactly level in a place
where the <un shines, suppose from 8 in the morning till 4 in
the afternoon, about which hours the end of the shadow should
fall without all the eircles; watech the times in the foienoon
when the extrennty of the shortening shadow just touches the
«everal creles, and there make marks.  Then, in the afternoon
of the same day. wateh the lengthening shadow, and where its
end touches the several cireles in going over them, make marks
also. TLastly, with a pair of compases, find exactly the middle
pomt between the two marks on any circle, and draw a straight
hne from the centre to that pomt ; which line will be covered
at noon by the shadow of a small upright wire, which should
be put in the place of the pin.  The reason for drawing several
circles is, that in case one part of the day should prove clear,
and the other part somewhat cloudy, if you miss the time when
the point of the shadow should touch one circle, you may per-
haps cateh it in touching another.  The hest time for drawing
a meridian line in this manner, is about the summer solstice,
because the Sun changes his declination slowest, and his al'u:
tude fastest, in the longest days. ‘

If the casement of a window on which the Sun shines at noon
be quite upright, you may draw a line along the edge of its
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shadow, oh the floor, when the shadow of the pin 1s exactly on
the meridiau line of the board : and as the motion of the shadow
of the casement will be much more sensible on the floor, than
that of the shadow of the pin on the board, you may know to
a few seconds when it touches the meridian ling.on the flear
and so regulate your clock for the day ofsbservation by that
line and the equation tables above meﬂzgn:l‘, § 225

wnot  227. Astheequation of téfme, or difference between
m the time shewn by a well-regulated clock and a true
pluned un-dial, depends upon two causes, namely. the ob-
liquity of the ecliptic, and the uncqual motion of the Larth in
it, we shall first explain the effects of these causes separately
considered, and then‘the united effects resulung from then
combination.

228. The Earth’s motion on its axis bemng perfectly equable,
or always at the same rate, and the? planc of the equator bang
perpendicular to its axis, 1t 1s ¢vadent that 1 equal times, cqual
portions of the equator pass over the weridan . and <o wounld
equal portions of the ecliptic, if 1t werd pmallel to, or comerdent
The frst part with, the equator. But, as the ecliptic 1s oblique to
of the equa- the equator, the equable motion of the Farth carnes
tion of ume. unequal portions of the ecliptic over the mendian in
equal times, the difference being proportional to the obliquity ;
and as wome parts of the ecliptic are much more oblique than
others, those differences are une.jual among themselves. There-
fore, if two suns should start, either from the beginnng of Arnies
or Libra, and continue to move through equal ares mn equal
times, one in the cquator, and the other in the echptic, the
equatorial sun would always 1eturn to the meridian 1n 24 hours
time, as measured by a well-regulated clock, but the sun m
the ecliptic would return to the meridian sometimes souner, and
sometimes later than the equatorial sun, and only at the same
moments with him on four days of the year, namely, the 20th
of March, when the Sun enters Aries; the 21st of June, when

3 As the motion of the Farth 1s deranged by the action of the Moon, Venus,
Mars, and Jupiter, the quantity of which 18 now computed, and employed in the cal-
culstion of the Sun’s longitude, the equation of time must also be affected by this

» {&am~ Ata maximum, however, 1t amounts only to 3} seconds.—Ed,

$ If the Earth were cut along the equator, quite through the centre, the flat sur-
Zace of this section would be the plane of the equator; as the paper contained within
sny cirde may be justly termed the plane of that circle. *
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he enters Cancer; the 28d of September, when he enters Libra;

and the 21st of December, when he enters Capricorn. But as

there is only one sun, and his apparent motion is always in the
ecliptic, let us henceforth call him the real Sun, and the other,
which i« sunnosed to move in the equator, the fictitious ; to
which last the mdtimg of a well-regulated clock always answers.

Let Z m x = be th¢Earth, ZF Rz its axis, a b piye vy,

tde, &c. the equator, 2B C D E, &c. the northern Fi.8.
half of the ecliptic from ¢ to = on the side of the globe next
the eye: and M N O P, &c. the southern half on the opposite
side from = to 7. Let the points at 4, B, C, D, E, F, &c.
quite round from ¢ to r* again bound equal portions of the
ecliptic, gone through in equal tinies by the real Sun ; and those
ataa, b, ¢, d, ¢, £, &c, equal portions of the equator described in
equal times by the fictitious sun; and let Z m 2 be the meri-
dian.

As the real Sun Mvcs obliquely in the ecliptic, and the fie-
titious «un directly in the equator, with respect to the meridian ;
a degree, or any number of degrees, between 7 and F on the
ecliptic, must be nearer the meridian Z o z, than a degree, or
any corresponding number of degrees, on the equator from o
to f; and the more so, as they are the more oblique; and,
therefore, the true Sun comes sooner to the meridian every day
whilst he 1s in the quadrant o F, than the fictitious sun does
n the quadrant o f; for which reason, the solar noon precedes
noon by the clock, until the real Sun comes to F, and the ficti-
tious to f; which two points being equidistant from the meri-
dian, both suns will come to it precisely at noon by the clock.

Whilst the real Sun describes the second quadrant of the
ecliptic FGIIKL from g5 to ==, he comes later to the meridian
every day than the fictitious sun moving throygh the second
quadrant of the equator from f to =; for the points at G, H,
I, K, and L, being farther from the meridian than their corres-
ponding points at g\ k, &, k, and /, they must be later of com-
mg to it: and as both suns come at the same moment to the
point =, they come to the meridian at the moment of noon by
the clock.

In departing from Libra, through the third quadrant, the
real Sun going through M/NOPQ towards 1§ at R, and e

,*TFclitious sun through m n o p g towards r, the former comes to
the merihan tvery day soonet than the latter, until the real Sun
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comes to 13, and the fictitious to v, and then they both come to
the meridian at the same time.

Lastly, as the real Sun moves equably through STT'VI¥,
from 1§ towards o ; and the fictitious sun through s {1 v a,
from r, towards v, the former comes later evervdqy to.the
meridian than the latter, until they both arvive at the pomt o,
and then they make it noon at the saieftime with the clock.

229. The annexed table shews hew much the Sun is fasta
or slower than the clock ought to be, so far as the difference
depends upon the obliquity of the celiptic; of which the wigns
of the first and third quadrants are at the head of the table.
A tabloofthe 304 their degrees at the Ieft hand ; tod m these the
equstion of Sun is faster than the clock : the agns of the second
ime :P:,f' and fourth quadrants are at the foot of the table, and
8un's place their degrees at the right hand ; 1 all which the sun
intheeciptic: 3¢ glower than the cloch , so thr entering the table
with the given sign of the Sun's place at jne head of the table,
and the degree of his place in that sjym at the lett hand, or
with the given sign at the foot of the table, and degrec at the
right hand; in the angle of mecting 18 the number of mmutes
snd seconds that the Sun is faster or slower than the ok
or, in other words, the quantity of tune m which the twal
Sun, when in that part of the ecliptic, comes sooner or later to
the meridian than the fictitious sun in the equator. Thus,
when the Sun's place is 8 Taurus 12, he 1« 9 minutes #9
seconds faster than the cloch ; and when his place 15 75 Cancer
18°, he is 6 minutes 2 seconds slower !

3 The Editor has computed the followng table ancw. upon the supposition that
the obliquity of the ecliptic 13 23° 27' 51 . When the obliquity of the «chptic in
creases or diminishes, the equation of time wall also nercase or dummsh, but by 4
quantily eo very small, that it amounts, at a maximum, to about a sccond and & haly
in the course of two centuriex. The signs 4 and — indicate that this part of the
equation of time is to be added to or subtracted from the apparent time. ‘The num-
bers in this table are the differences between the true longitude of the Sun, ard his
true right ascension, converted nto time, at the ratc of 15° per hour.—E£d.



CH. X111 OF THE EQUATION OF TIME 119

A Table of the equation of time depending on the obliquity of
the ccliptic.

" Nun faster than the Clock . |
q‘-— u——- 11— l“ Q-
| o— m— T— 18" Q
Degrees MA Ss: Mm Sec | M Sec |Igrees
3
0 | 0 W | 828 | 815 | 30
1 0 20 8 99 8 81 29
Q 0 40 8 1 5 21 93
3 1 0 8 59 512 Q7
$ 119 9 | 8§ 0 26
A\ 1 39 9 9 T & 55_
| 6\, 1,58 | 916 | 791 | 2
| <7} 218 9 23 7 20 293
8 2 97 9 29 75 Q9
9 2 56 9 35 6 50 a1
10 A1 9 39 G B4 Q0
LN
11 3 31 9 13 618 19
12 3 52 9 47 6 1 18
13 + 10 9 3 5 41 17
11 + 98 9 51 5 9 16
15 (ETH 9 53 5 8 15
16 5 31 9 33 4 50 1t
1 5 Q0 9 53 4 91 13
18 5 97 9 592 4 11 Q
19 353 9 30 3 51 1
Q0 6 9 a9 IR 3 31 10
21 6 25 915 311 9
Q2 6 10 9 11 ? 51 8
23 6 51 9 37 2 30 7
24 T8 9 31 29 6
25 7 o9 9 25 148 5
26 7 85 919 1 926 4
23 718 911 1 5 3
28 8 0 9 3 0 43 Q
Q9 812 8 5% 0 22 1
30 8 28 8 45 0 0 0
QI M 4+ | 0+ o + e
e Ql X 4| wd |54 [ DB
Sun slower ¢ n the Tock in
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230. This part of the equation of ime may perhaps be some-
mi, what difficult to understand by a figure, because both
3 halves of the ecliptic scem to be on the same side of
the globe, but it may be made very easy to any person who
has a real globe before hin, utting small patches_on ever
10th or 15th degree both ofb{iu’: equftor I:'(;ﬁ'];t;: b?;;;xx-
ning at Aries 7, and then turning thy(::m Iy 10und west-
ward, he will see all the patches from 4kies to Cancer come to-
the brazen mendian <ooner than the corresponding patchics on
the equator ; all those from Cancer to Labia will come iter to
the menidian than their cortcsponding patches on the «quator
those from Libra to Capiicorn roonet, and thosy fiom Capri-
corn to Aries later, and the patches at the bugingpings ot Anics,
Cancer, Libra, and Capricorn, heing eithet o ot «ven with
those on the equator, shew that the two suns athaismuet there,
or are even with one another, and o come t» the mendian at
the same moment. ‘
A machme 231 Let us suppose that there are two little halls
for shewng  moving equably round a celostial globe by dock-
‘d': and work, one always keeping m the ohpti, and gilt
theselsr  with gold, to represent the rcal Sun, and the otha
tume. keeping in the equator, and sthaied, to reprosent
the fictitious sun, and that whilst these balls move onee 10und
the globe according to the order ot sigus, the dock tutns the
globe 366 tmes round its axis westward,  The stars wall make
966 diurnal resolutions from the biazen mcndian to it agan,
and the two balls representing the 1cal and ficiious suns al-
ways gowng farther eastward from amy gnen sta, will come
later than it to the mendian every tollowmg day , and cach ball
will make 865 revolutions to the mendin, (oming equally to 1t
at the beginnings of Anes, Cancer, Libra, and Capricorn, but
in every other pomt of the echiptic, the gt ball will come erther
sooner or later to the mendian than the silvercd ball, hike the
above mentioned. This would be a prctty enough way
of shewing the reason why any given star, which, on a certamn
day of the year, comes to the meridian with the Sun, passes
over it so much sooner every following day, as on that day
twetvémonth to come to the mendian with the Sun agan, and
aleo to shew the reason why the real Sun comesto the meridan
gometimes souner, sometimes later, than 1t 1s noon by the
clock ;: and, on four days of the year at the same time, whlst
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the fictitious sun always comes to the meridian when it is 12 at
noon by the clock. This would be no difficult task for an artist

Jo perform, for the gold ball might be carried round the*eclip-
tic by a wire from its north pole, and the silver ball round the
equator by a wire from its south pole, by means of a few wheels
to each, which might be casily added to my improvement of the
celestial globe, descrinedbin No. 483 of the Philosophical Trans-
«ctions, and of which I shall give a description in the latter part
of this book, from the third figure of the third plate.

232. It i plain, that if the ecliptic were more Piats Vi,
obliquely posited to the equator, as the dotted circle ¥ig: 3-

& =, th equal divisions from o to z would come still
sooncr to the Neridian Z o, 7 than those marked 4, B, C, D,
and E (.lo; for{wo divisions containing 30°, from 7 to the se-
cond dot, alittl] short of the figure 1, come sooner to the me-
ridian than one diision containing only 15° from o to A does,
a» the ecliptic now\tands, and those of the second quadrant
from  to = wouldNge so much later. The third quadrant
would be as the first, and the fourth as the second. And it is
likewise plain, that where the ccliptic is most oblique, namely,
about Aries and Libra, the difference would be greatest, and
least about Cancer and Capricorn, where the obliquity is least.

233. Having explained one cause of the difference
of time shewn by a well-regulated clock and a true part of the
sun-dial ; and considered the Sun, not the Earth, as equation of

- . time

moving in the ecliptic; we now proceed to explain

the other cause of this differcnce, namely, the inequality of the
Sun’s apparent motion, § 205, which is slowest in summer,
when the Sun is farthest from the Earth, and swiftest in winter
when he is nearest toit  But the Earth’s motion on its axis is
equable all the ycar round, and is performed from west to east,
which is the way that the Sun appears to change his place in
the ecliptic.

944, If the Sun’s motion were equable in the ecliptic, the
whole difference between the equal time as shewn by the clock,
and the unequal time as shewn by the Sun, would arise from
the obliquity of the ecliptic. But the Sun's motion sometimes
exceeds a degree in 24 hours, though, generally it is less; and
when his motion is slowest, any particular meridian will revolve
-s86ner to him than when his motion is quickest, for it will over-
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take him 1n less ime when he advances a less space than when
he moves through a large:

235. Now, if there wete two suns moving m the plane of
the ccliptic, <0 as to go 1ound it m a year , the one descrng
an equal arc every 24 hows, and the other descubmg some-
umes a less arc n 24 hours, and at other umes a Luga, gam
mg at one timc of the year what 1t lovt at the oppositc, at s
evident that cithar of these suns woulddomd ~oma o latar te
the meridian than the other, as it happaned to be hihmd o b
fore the othar, and when thay were both in conjuuction, they
would cone to the mendian at the same woment
Plate VI, 236 A~ the 1 sun moves uncyuabhy m the
Fig 4 ciptic, et us suppose 1 ficitiouny sun o mos
equably 1n a ndde comerdent with the plwe of the cchiptu
Let A B ( D b the ecipuc or onbat an wheeh the raal Sun
moves, and the dotted ancle @ &« d the mmgmary orbat of the
ficitious un, cach going round m a verr according to the
order of lctters, or ftom west to ozt 3¢t I T AL both
Earth turmng 1ound 1ts axis the samc way ovay 24 hows,
and suppose both <uns to start from o amd e monght hne
with the plane of the mendian £ ot the same moment  the
real Sun at 4 bung then v s greatst distuce from the
Earth, at which ume his motion s slowest, ad the ficatious
sun at @, whose motion 15 always cquably, hocanse s distanc
from the Earth 15 supposed to be alwavs the sime In the
time that the menidian rcvolves trom [T to £ agam, according
to the order of the lesters £ 1 A 1, the 1cal Sun his movad
from 4 to I', and the fictiions with a quichar motion o a
to f through a larger are; thadfore, the maondim L/ will
revolve sooncr from H to A undar the rear Sun at 77 than
from H 1o A undar the icttions sun at /, and consequently
it will then be noon by the sun-cial soonct than by the dock

As the real Sun moves from A4 towards ¢, the swiftness ot
his motion ncieascs all the way to ¢, whao 1t s at the
quickest. But, uotwithstanding this, the hicitious sun gams so
much upon the real, soon afta his departing rom . that the
increasing vclocity ol the real Sun does not brmg am up with
the cqually-moving fichtious sun, ull the fonuer comes to (,
and the lattcr 0 ¢, when each hae gone half 10und its 1espective
orbit, and thcn being m conjunction, the mendun E H 1
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volving to E K comes to both suns at the same time, and
therefore it 1s noon by them both at the same moment.

«~ But the increased velocity of the real Sun, now being at
tha\quickest, carries him before the fictitious one ; and, there
fore, the same meridian will come to the ficitious sun soomer
than to the real: for, whilst the fictitious sun moves from
¢ to g, the real Sun moves through a greater arc from ('to G :

* consequently the point X has 1ts noon by the clock when it
comes to A, but not its noon by the Sun ull it comes to L
And althQugh the veloaity of the real Sun dimmishes all the
way trom § to A4, and the fictitous sun by an equable mo-
tion 1 sull\connng nearer to the real Sum, yet they are
not m conjuaction till the one comes to 4 and the other
» a; and thyn it is noon by them both at the same mo-
ment *

Thus, 1t appdgrs that the solar noon 1 always later than
noon by the cloef whilst the Sun goes from (' to 4 ; sooner
whilst he gocs fro to ', and at these two ponts the Sun
and clock bemg equal, 1t 15 noon by them both at the same
moment.

237 The pomt 4 1 called the Sun’s apogee,
because when he 1 there, he 1 at his greatest rm, and
distance from the Rarth; the pomnt C s perigee, 4 P"""-
because when m ot he 1 at his Jeast distance from
the Larth: and a nght Ime, as 4 E ¢ drawn P vI,
through the Earths centre, from one of these points Ig. 4.
to the other, 15 called the line of the apsidis.

238 The distance that the Sun has gone m any time from
his apogee (not the distance he has to go tot, thoagh ever so
htth), w called his mean anomaly, and is rechoned Mean ano-
m signs and deareds, allowmg 30 degrees to a sign, maly, what
Thus, when the Sun has gone, suppose 174 degrees fron has
apogee at 4, he 1s sad to be 5 signs 24 degrees from it, which
s lus mean anomaly , and when he 15 gone, suppose 855
degrees from his apogee, he 1s smd to be 11 sgns 25 degrees
from it, although he be hut 5 degrees <hort of 4 in connng
round to it agam,

239 Fiom what was sud above, it appears, that when the
Sun's anomaly 15 less than 6 gns, that is, when he 1s anywhere
Tetween .f and ¢, m the hall 4 B (' of ls orhit, the solar
nopn precedes the dock noon, but when lns anomaly I~ more
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than 6 signs, that is, when he is anywhere between C and 4,
ip the half C D 4, of his orbnt, the clock noon precedes the
rolar. When his anomaly is 0 signs 0 degrees, that is when he
is in his apogee at d, or & signs O degrees, which 15, when he
s in his perigee at C'; he comes to the meridian at the moment
that the fictitious sun does, and then 1t is noon by them both at
the same instant. .

240. The following table shews the variation, or equg,tion, of
time depending on the Sun's anomaly, and arsing from hus
unequal motion in the echipuc, as the former table, § 229,
shews the variation depending on the Sun's place, 2ad resulting
from the obliquity of the echiptic ; this 1s to be uj.del stood the
same way as the other, namely, that when the ygns are at the
head of the table, the degrecs are ot the left hnd . but when
the signs are at the foot of the table, the reslmg\ ¢ degives me
at the right hand ; and m both cases the equagion 1~ in the angle
of meeting. When hoth the above-menticoed equations are
either faster or slower, ther sum 15 thesabsolutc equation of
time; but when the one 1s faster, and the other <lower, 1t 14
their difference. Thus, suppose the cquation depanding on
the Sun’s place, be 6 mmutes #1 seconds too slow. and the
equation depending on the Sun’s anomaly, be $ mmutes 20 -
conds too slow, their sum s 11 nunutes 1 second too slow  But 1f
the one had been 6 minutes 41 seconds too fast, and the other
4 minutes 20 seconds too slow, their difference would have been
2 minutes 21 seconds too fast, because the greater quantity 1s

too fast.*

¢ The following Table, which 18 nothing more than the equation of the Sun's
orbit, or the difference between his mean and true plac, converted nto tune, has been
computed anew frum the accurate Solar Tables of M Ddlambre, and adapted to
the year 1803. But as the equation of the solar orbit dummnishes at the rate ot
188 1n & century, this part of the equation of time wall diminsh at the rate of
1%.25 in & century. 'There 1s also another vanation in the equation of time, anvung
from the motion of the Sun’s apogee, and amounting, at a maximum, o 14”.3 i a
century, when the Sun 18 in the apogeal or pengeal pownts of his orbit, but for com«
mon these vatiations may be safely neglected.—Ed.
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A TABLE OF THE EQUATION OF TIME, DEPENDING
SUN'S ANOMALY.

ON

Sun fuster than the Clock if his Anomaly be

135

THE

lO Signs| 1. —fu. —

Il =] IV, ~—

Yo —

|
=
L4
=
.

| M. S

=

s.

=
»

N

(=N =N R~

_—
.

IR LT U LT UTCr ST O Cr Sv O e o i

29
33 6 27
40( 6 32
4716 86

RWRWWLRICIW IS N0 WO s rd bt bd ot e st b O

SCPK I PR PRPR RS PR P PRPE PL RN PR PR g . P e e e I 1 - o o )
ot
=

42

55
48
41
34
26
19
18

4
56

COOCOCCTOmm i M mdONBRORDOODORNLRLRLSE

OHHNVWDLEBEND-ID®O

D. xlSignsI A+

n <+

7 6
7 6
7 6
i 6
T 6
1 6
7 6
7T 896
1 6
7 6
T )| 5
7 5
7 5
7 5
7 5
7 5
7 5
ki 3
v 5
7 5
|7 1735
( !
1 4
7 4
T 4
7 4
6 4
6 4
6 4
6 4
6 3
Vi +I v +

v1.+|

.

Sun slower than the Clock if his Anomaly be




L or rik Kdvavon o ‘rir. cn. xn1.
M. The obliquity of the eclipfic to the equator, which is
the first mentioned cause of the equation of time, would make
the Sun and clocks agree on 4 days of the vear; which are
when the Sun enters Aries, Cancer, Libra, and Capricorn ;-out
the other cause, now explained, would make the Sun and focks
equal only twice in a year: that is, when the Sun i« in his
apogee and perigee  Consequently, &hen these two, points
fall in the beginnings of (‘ancer and Capricorn, or of Afies and
Libra, they concur in making the Sun and clocks equa¥in these
pointa. But the apogee at present is in the 9th®degree of
Cancer, and the perigee in the 9th degree of Capfiecorn, and,
therefore, the Sun and clochs cannot be equal About the be-
gimnings of these signs, nor at any time of th8 year, cveept
when the swiftness or slowness of the aln.'ltim;' resulting from
one cause. just halances the slowness or swiftdess arising from
the other. ¢
248. The <econd table in the ﬁ)]lo\\ing"chnplvr shews the
Sun’s place in the ecliptic at the noon %f every day by the
clock, for the <ccond year after leap-vear: and also the Sun’s
anomaly to the nearest degree, neglecting the odd minutes of
that degree. Its use is only to assist in the method of making
a general equation table from the®wo fore-mentioned tables of
equation depending on the Sun’s place and anomaly, § 229,
241; concerning which mcthod we <hall give a few examples
presently. The next following tables are made from those two ;
and shew the abeolute equation of time resulting from the com-
bination of both its causes; in which the minutes, as well as
degrees, both of the Sun’s place and anomaly are consider-
ed. The use of these tables is already explained (§ 225) :
and they serve for every day in leap-year, and the 1st, 2d, and
8d years after: for, on most of the same days of all these years,
the equation differs, because of the odd 6 hours more than the
865 days of which the year consists.
Eaample I.  On the 15th of April, the Sun is in
m?hm'f' the 25thldcgrcc of 7 Aries, and his anomaly is 9
S:NTI- signs 15 degrees; the eguation resulting from the
former is 7T minutes 22 seconds of time too fast,
(§ 229); and from the latter, 7 minutes 21 seconds too slow
(§ 241); the difference is 1 second that the Sun is too slow at
the noon of that day, taking it in gross for the degrees of the
Sun's place and anomaly, without making proporftionable al-
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lowance for the odd minutes. Henoe, &t'noon, the swiftness of
the one equation balancing so nearly the slowness of the other,
uakes the Sun and clocks equal on some part of that day.
ample 11 On the 16th of June, the Sun is in the 25th
degred of 11 (.-ennm, and his n.nmnaly is 11 signs 16 degrees ;
the equition arising from the former is 1 minute 48 seconds too
fast , anfl from the latter, 1 minute 49 seconds too slow ; which

balancnf ene another at noon to 1 second, the Sun and clocks
are agm\equal on that day.
ExampNII1. On the 81st of August, the Sun’s place is 7

degrees 52 INnutes of 1Y Virgo, (which we call the 8th degree,
as 1t 1« so neay) and his anomaly is 2 signs 0 degrees ; the equa-
tiou arising frog the former, is 6 minutes 40 seconds too slow ;
and from the la¥er, 6 minutes 36 seconds too fast, the difference
heing ohly & «edgnds too slow at noon, and decreasing towards
an mequality, wilNmahe the Sun and clochs equal in the after-
noon of that day.

Eaawple TV On'We 23d of December, the Sun’s place is 1
degree #1 mumutes (call it € degrees) of 1§ Capricorn, and his
anomaly 15 5 signs 93 degrees; the equation for the former is
43 seconds too slow, and for the latter, 58 seconds too fast ;
tht differcnee is 15 seconds too fast at noon, which decreasing
will come to an equality, and so make the Sun and clocks equal
m the evenmg of that day.

And thus we find, that on some part of each of the above-
mentioned four days, the Sun and clochs are equal ; but if we
work examples for all other days of the year, we shall find them
different.  And,

211. On those days which are equidistant from
any equinox or wlstice, we donot find that the cqua-
tion 1 as much too {ast or too slow on the one side, as it is too
Jlow or too fast on the other  The reason is, that the line of the
apides (§ 238), does not at present fall cither into the equi-
noctial or solstitial ponts (§ 242).

245. The four followg equation tables for leap- The resson
year, and the first, second, and third years after, why why Su-
would serve for ever, if the Sun's place and anomaly are mm_
were always the same on every given day of the year Pormy:
as on the same day four years before or after. But since that
1ot the case, no general equation tables can be so constructed
as to be perpetual.

Remark.
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246. It has been already observed ,(§ 116), that by the
Earth's motion on its axis, there is more matter accumwated all
around the equatorial parts than anywhere clse on lhe‘]‘larth

The Sun and Moon, by attracting this redundancy of matter,
bring the equator sooncr under them 1n every retugn tow ards 1t,
then if there was no such accumulation  Therefgee, 1f the Sun
sets out as fram any star or other fixed puint i the heavens,
the moment when he is departing from the equriioctial or from
ether tropic, he will come to the same cquinoy or tropic again
20 minutes 17} scconds of time, or 50 second> of a degree, be-
fore he completes his course, so as to arrive at the same fived
star or point from whence he set out , For the equinoctial
paints recede 50 seconds of a degrec westward every year, con-
trary to the Sun's annual progressive motion.

When the Sun ammves at the same ' equinoctial or solstitial
point, he fimshes what we call the tropical year, wiich by obser-
vation is found to contam 365 days 5 hours 48 mmutes 57 ve-
conds ; and when he arnves at the <ume fived star agan, as
seen from the Earth, he completes the sydereal year, which con-
tains 365 days 6 hours 9 minutes 14} seconds. The <ydereal
year is therefore 20 minutes 17} scconds longer than the solar
or tropical year, and 9 mmutes 14} seconds longer than the
Julian or civil year, which we state at 365 days 6 hours, <o
that the civil year is almost a mean betwint the sydereal and

247. As the Sun describes the whole edliptic, or 360 degrees
in a tropical year, he moves 59 minutes 8 seconds of a degree
every day at a wncan rate, and consequently 50 seconds of a
degree in 20 minutes 17} seconds of time , therefore he will ar-
rive at the same equinox or solstice when he 15 50 seconds of a
degree short of the same star or fixed point n the heavens,

' The two opposite pownts 1o which the ecliptic crosses the equinoctial, are called
the Equenoctial porats ; and the two pomnts where the ecliptic touches the tropics
(which are likewise opposite, and 90 degrees from the former) are called the STan-

Nl points.



¢H. XIV. OF TWE PRECE&SION OF THF EQUINOXES. 129

from which he set out in the year before.  So that with

to the fixed stars, the Sun and equinoctial points fall back (as it
were) 30 degrees in 2160 years, which will make the stars ap-
prarvo have gone 30 dv«rrces torward with respect to the alguq
of theNeeliptic m that time, for the same signs always heep in
the sam} pomnts of the echiptic without regard to the constella-
tions,

o To explam this by a figure, let the Sun be in prae v,
conjuncticy with a fixed star at S, suppose in the ¥g 4
$0th dvm:’- of g, on the 214 day orf May 1756. Then
mahing 2166 rovolutions throngh the ccllpuc 'V, at the
end of so many sydereal years, he will be fonnd again at §';
but at the end of <o many Julian years, he will be found at M,
~hort of 8 and at lhu ‘end of <o many tropical years, he will
be found’short of M, in the ‘)()lh degree of Taurus at Ty which
has receded back from 8 to 7' in that time, by the precesdion
of the equmoctial points v Aries and = Labra.  The are ST
will be equal to the an ount of the precession of' the equinox in
2160 years, at the rate of 307 of a degree, or 20 minutes 17}
sceonds of time annually 5 this, In so many  years, makes 30
lavs 10" hours, whidi s the difference between 2160 sydereal
amd troprcad yans And the are 7" will be equal to the space
mored through by the Sun 1 2160 times, 11 minutes three
weondse or 16 dave 19 hours 18 nunutes, whick is the difference
betwcen 2160 Juln and tropical yews.

VOL. L. K
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CH. XIV.

A Table shewing the Precession of the Equinoctial Points 1n the Heavens, both
in Motion and Time, and the anticipation of the Equinoxes on Earth.

W@Fﬂl@ B:]uiw Points in Anurjp.mn of the
Julian the Heavens. + Kquinoxcsonthe
years. Eotion._ Time. KEarth.
s ° LA D. . M. 8. De M. M.

1] 0o 0 0350 0 020 17§ 0

21 0o 0 140 0 04035 0

S| o 0o 230 0 1 0524 o0

4| 0 0 32 0 12110 0

5] 0 0 410 0 1417 o0

L ]

G| o 0 5 0 0 2 145 0

71 0 0 550 0 222 2i 0

8] 0 0 6 40 0 242 20 0

9] o o 7 80 0 38 237} o

10| 0 0 8 ¢0 0 322 55 0

7

f 20| 0 0 16 40 0 6 45 50 0

0] 0 025 o0 010 8 45 0

40| 0 033 2 0138 31 40 0

50| 0 0 41 40 016 54 95 0

60] 0o 050 0 0 20 17 30 0
70| 0 0O 58 20 0 23 40 25 0 12 53 30
80{ 01 640 1 8 382 014 4+ 0O
90| 0 115 0 1 62015 0 16 3% 30
100} 0 1 23 20 1 949 10 018 25 0
20| 0 2 40 40 2 19 38 20 11250 0O
300 o 410 0 4 527 30 2 715 0
400]| 0 5 33 20 515 16 40 3 140 0
500| o 6 56 40 7 1 550 32 5 0
600 o 82 O 810355 0 41+ 30 0
700 | 0 9 43 20 9 20 44 10 5 855 0
800 011 640| 11 G 33 20 G 820 0
900| 01280 0] 12 16 22 50 621 45 0
1000 |« 0 18 53 20| 14 2 11 40 716 10 0
2000| 027 46 40| 28 423 20| 15 82 O
8000| 11140 0] 42 635 0] 25 030 0
4000 | 1 25332 | 56 8 40 40| 30 10 40 O
5000 2 92 40| 7010 58 20| 38 B 50 0
6000 22320 0| 841310 0| 46 1 0 O
7000 | 8 7 1820 | 98 15 21 40| 53 17 10 O
8000 | 8 2 640)112 17 3320 61 020 O
9000 | 4 5 0 01261945 0| 69 1 30 0
10000 | 4 18 53 20 | 140 21 56 40| 706 17 40 O
20000 | 9 7 46 40 | 281 19 53 20 | 153 11 20 O
80000112 0 © 0|35 6 0 010821 36 0
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218. From the shifiing of the equinoctial points, and with
them all the signs of the ecliptic, it follows, that those stars
~hich in the infancy of astronomy were in Arics are now got
aurus, those of Taurus into Gemini, &c. Hence, like-
s, that the stars which rose or set at any particular sea-
1w year, in the times of lesiod, Fudowws, Virgil,
. by no meanseanswer at this time to their deserip-
tons. “he preceding table <hews the quantity of this shifting
both in th\ heavens and on the Farth, for any number of years
to 25920, :hich completes the grand celestial period, within
which any nuanber and its quantity is caaly found; as in the
Inllm\mq example, for 5763 vears, which at the autumnal equi-
non, .. 1736, 1+ thought to be the age of the world.  So
that with reaard 1o thy fived stars, the equmoctml points in the
hoavans h.u ereccded €20 2 307 since the creation, which is
as much as the Sun moves 10 814 5° 0™ 52, And since that
tme, or m 3763 vears, the equmozes with us have fallen back
11° 5 el ¢, hanee, rechoning from the time of the Julian
cqumen, 4w, 1756, iz Scptember 11th, it appears that the
autmmnal equunoy at the ereation was on the 23th of October,

mlo
wise, 1
wn of
Pliny, )

!_—_ T T PraG 1wt the Lgumnoctal Points ' Anucipation of the
|

[ the Heavan. T.quinoxes an the
s | Motaon. Time. | Larth,

“~ v ! 'l) He M. 5 ” D. H. M. 8.

| 5600 @ 926 10 70 10 58 20, 38 8 50
000 94300 2'!41-10 5 855
G0 0 050 0] 0201730 011 38
300 25001 052 0 088

Llovoeco

| 5763 220 25081 5 052l 41 521

219, ."The anticipation of the equinoxes, and con- The antici-
sequently of the seasons, 15 by no means owing to mu:’.f
the precession of the umnm(tml and solstitial points noxes and
m the heavens (which can only affect the apparent Seasons-
motions, places, and declinations, of the fixed stars), but to
the difference botween the eivil and solar year, which is 11 mi-
nutes 3 seconds, the eivil year containing 865 days 6 hours,
and the solar year 365 days 5 hours 48 minutes 57 seconds,
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The next following table, page 135, shews the length, and con-
sequently the difference of any number of sydereal, civil, and
solar years, from 1 to 10,000.

"The reason 230. The above 11 minutes 8 seconds, by . nch
for altering  the civil or Julian year exceeds the solar, amgunts to
thestyle. 1y days m 1438 years: and <o much ouf seasons
have fallen hack with respect to the days of the monfhy, since
the time of the Nicene council in 1. n. 323, and thefefore, in
order to bring bach all the fasts and festival s to - theAlays then
settled, it was requisite to supiress 11 nommal dayf And that
the same ~casons might he kept to the same timed of the year
for the future, to leave out the bissextile day in February at
the end of every century of ycars not divisible by 4, rechomng
them only common vears, as the 17th, 18th, and 19th cen-
turies, siz, the years 1700, 1800, 1900, &c. because a day -
tercalated every fourth vear was too much, and retammg the
bissextile-day at the nd of thowe centurics of years which are
divisible by 4 as the 16th, 20th, and 24th wmurim, viz the
years 1600, 2000, 2400, &c.  Otherwise, m length of tune,
the seasons would he quite reversed with regard to the months
of the year, though it would havc required near 23,383 v
to have brought about <uch a total (h.uu;c- If the Yarth had
made exactly 365} diurnal rotations on its asis, whilst at re-
volved from any cqumoctlal or solstitial point to the same agamn,
the civil and solar ycars would always have hept pace together,
and the style would never have needed any alteration.

"Fhe preces- 251. Having already mentioned the cause of the
s10n of the precession of thc equmuctml points in the heavens
ﬂ?‘:‘:‘“" (§ 216), which occasions a clow deviation of the
e Earth’s axis from its parallehsm, and therchy a
change of the declination of the vars from the equator, toge-
ther with a slow apparent motion of the stars forward with re-
spect to the signs of the ccliptic, we shall now expluin the
phenomena by a diagram.

Plate VI, Let NZSTVL be the Earth, SONA4 its anis pro-
Fig. 6. duced to the starry heavens, and terminating in 4,
the present north pole of the heavens, which is vertical to N
the north pole of the Earth. Let £0Q be the equator, 7' os Z
the tropic of Cancer, and V7' 1§ the tropic of Capricorn: F'0Z




¢, XIv.  OF TITE PRILCESSTON OF TIE FQUINOXES. 133

the ecliptic, and BO its axis, both which are immoveable among
the stars.  But as the oquinoclial ? points recede in the ecliptic,
. WBarth’s axis SON is in motion upon the Earth’s centre 0,
in such a manner as to deseribe the double cone NOn and SO0s
round the axis of the ccliptic 20, in the time that the equinoe-
tial puu ts move quite ruund the ecliptie, which is 25,920 years,
and in hat length of thne the north ]mlc of the Earth's axis
pmducu. (lvwnbus the cirele ABCD. in the starry heavens,
round the pole of the echptic, which keeps inmoveable in the
centre of that arcle.  The Earths axis being 231 degrees in-
climed to the axis of the ecliptie, the circle ABC])A dvscrxlx 1
by the north pole of the Earth™s axis produced to 4, is 47 de-
grees m diameter, o double the melination of the Earth’s axis.
In convequence of this, the pomt 4, which at present is the
north pole of the heavens, and near to a star of the second mag-
mtude m the tal of the constellation called the Lattle Bear, must
be deseried by the Earth™s axis, which, moving backwards a de-
gree overy 72 vears, will he direeted towards the star or point
B G180 vears hanee, aud i double of that time, or 12,960
vears, it will be direeted towards the sar or point ¢, which will
then be the north pale of the heavens, although it is at present
8} degrecs south of the 2cmth of London L. The present
postion of the cquator £0Q, will then be changed into ¢Og,
the tropie of Cancer 7' - Z mto 't 5, and the tropic of (‘a-
pricorn It 1% into £ 1% Z, asis evident by the figure.  And the
Sun, m the same part of ‘the heavens where he is now over the
catthly topie of Capricorn, and makes the shortest days and
longest nights m the northan hennsphere, will then be over
the earthly tropic of Cancer, and mahe the days longest and
nights shortest.  So that it will require 12,960 years yet more,
or 253,920 from the then present time, to bring the north pole
N quite round, 0 as to he dirceted toward that point of the
heavens which 1« vertical Wit at present. And then, and not
till then, the same stars which at present desciibe the equator,
tropics, and polar circles, &c. by the Farth’s diurnal metion,
will deseribe them over again.

¢ The cquinoctial errcle interseets the ecliptie in two oppoate points, ealled Arnes
and Labra, trom the ugns which always h:cp m these pumts; they are called the
(quinuatial pomnits, becanse when the dun s m Uthirot them, ke 1 ducetly over the
terrestral equator, and th.n the days and Jughts are cqual.
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N. B. Asthe sydereal yoar is now found from the most accurate obscrvations to
be only 365¢ 6" 9’ 11”.6, the first part of the following table, containing the sydereal
years, will err in excess 2”.9 for every year. If a, therefore, be the number of aivi
years for which the sydereal time 1s required, » x 2.9 will be the correction «v be
added to the time given by the table. Thus, if we wunt the sydercal tun for 60
years, the table gives 21915¢ 9" 14’ 30” ; but n beang 1 this cave cqual b GO, the
correction = x 2.9 will be equal to 60 x 2.9, or 174, or 2’ 34, so thht the true
sydercal time will he 219134 9b 17 247 . o '

The solur year beng only 363¢ 5" 48" 48, the 2d part of the tablf contwnmg
solar time will err"9)’ in cxcess for every year. »o that 2 being the number of jcars as
before. n x 9’ will be the correction which 1s always to be added o the )imc guen by
the table,—-Ed.

TABLES
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4 Table shewing the Time contained in any number of Sydereal, Juhan,
and Solar Years, from 1 to 10000.

. Sydereal Ycars. Julian Years. Solar Years.
Yean. | Days. n.| II.I s Days. . Days. n.' u.' 5
“1 365 6| 14} 365| 6 365 | 5/48(57
2 730 [12118129 730 | 12 730 [11{87]54
3 1005 [1827}43) 1095 | 18 1095 [17]126]51
4 1461 | 08658 1461 | o 1460 [23|15(48
5 1826 olmuz&' 1826 | 6 1826 45
6 2191 (195507 | 2101 | 12 2101 [10}53/42
7 2556 (19 541} 2556 | 18 2556 |16]42[39
8 2022 1135(;' 2902 | 0 2921 [22|31/30
({9 3287 [.723]104 32871 6 3287
10| * 3052 l.,'l"95| 3652 | 12 3652
20 7305 | 8| 4150 7305 | o 7804
30 10957 1637015 10957 | 12 10957
40 13010 | 6| 940 14610 © 14609
50 18202 (1042 5 18262 | 12 18262

00 21915 1130 21915 | 6 21914

|
70 | 25567 22!40]55 25567 | 12 23566 s] sg

80 20920 12192 20220 O 29219 | 9{1
90 | 32873 1]51 15 32872 | 12 32871 (192
100 36525 1152410 36525 36524 | 5/
200 | 73051 6}48 20 73050 73048 [11[10
300 | 109576 (221230 | 1093875 109572 |16}45)
400 | 146102 [13/3610 |- 146100 146096 (22}20)
500 | 18268 | 5 os0 | 182625 182621 | 8|55
600 | 210153 |e0'25 219150 219145 | 9/30
700 | 253679 u|4910 255675 255669 [15] 5
800 | 292205 | shisleo | 292200 292193 [20/40
000 | 328730 [18'37]30 | 328725 328718 | 215
1000 | 365256 (10| 1{0 | 365250 365242 | 750
2000 | 730512 |20| si20 | 730500 780484 |15(40)
3000 | 1095769 | 6 5| | 1095750 1095726 F 0
4000 | 1461025 |16| 640 | 1461000 1460969 | 7|20
5000 | 1826282 | 2| 8/20 | 1826250 1826211 {1510
6000 | 2191538 12)1 2191500 2191453 23] 0
7000 | 2556794 k211|210 [ 2356750 2556696 | 6|50]
8000 | 2032051 | 81320 | 2922000 2921938 1110}
9000 | 3287037 1sl1é 8287250 3287180 2;43(
10000 | 3652564 | 4116140 || 3652500 3652423 | (|20
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TABLES OF THE SUN'> PLACK AND ANOMALY.

CIl. XIv.

4 Table shewing the Sun’s true Phece and Distance from his

Apogve, for the seond year qfler Leap-year. ¢
January. | February. | March. Apn! Muy. June.
@ w w |, P w |, 7 |,
55;»,,53,4,2;,Js?;_§g,§;_
3 a’ e §' ” § g s gz - E =’ w’ g E‘ " H !
Pl PR F BN F BN B B BT B |ES
= 2T | § | BFT § |7 E =
. l.rs n.|D. )I.(s. Db, Al n.:u. l|.i.s. nin. L PRSI TY [ M VT
g 76 21222397 0KG3n adtpwy g asie ol )
1286 13 407 N1 S8R 12 wwa 211 swte 0G0 2
13 96 ahia a7 ahz ads 2 osee w2 w22 osinog
ais 106 15 427 g3 bss BL BTy I3 SLI0 BB Bl
A3 Ll wie 7 gL S 4||:. R R T T
16 aly oy 238 Ao wae G150 S5 AL 6
7h7 ST 06 S3E GIT 310 G640l 616 B01) 5
18 4al7 107 330 gus sse w17 40 T7 w8
g a7 LI 388 wle 2w 4G 00 B 2w
10120 4617 1219 53(" :n|.m dny 1019 :mllo Wiy 2.'||| 10
' -
121 477 1320 a2 1020 200 20 3500 e 2
477 12t s2a il wwe 221 S 0 35002
qill7 1522 528 1223 20w 122 310 1222 1011
417 1628 528 1324 259 123 3010 1123 11 1
497 17134 Sl ul.':. MY 14 Bd0 Lzt wl L
26 177 407 1825 A8 1026 220 15 2010 ks 611 1
4k 16028 507 1926 318 1627 200 1726 20 1l 31117
261G 129 507 20027 S8 19 1827 '.!I!lo 1727 ol
2716 20l H17 21020 sos TN RU TR L ST
206 21 1 :.1{7 2220 490 179 zui-.m 1610 Ju28 5311 1
oG 22 2 .'.1"7 oaler a2l 1 150 110 2029 5211 e
s a5 587 24 1 ann 2 130 220 U L1 21f:s .mjn sl
2404 527 23 2 178 ny ullo 2201 a6l 2
2l 25 5 527 20/ 8 47w 109 1o 2 2 44)11 23
2 6 527 27| 4 b : 89 2 o 240 3 411 24
ol 7 oulr ' 5 4ils 6o 260 6 2o 23] 4 3ol 2
3506 280 8 A37 29) 6 450 49 27 5 oyl 20| 5 311 26
G201 0 538 o7 448 a0 28 6 56llo 27| 6 3N 27
0 Bo4sn 2 10 200 7 5410 200 7 3011 20
1 9 4xs 209 509 29§ 51110 2 8 2711 2
DTER R o a1'y | |0 4nn o
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A Table shewing the Sun's true Place and Distance from his
Apogee, for the second Year after Leap-year.

[ J
July. August. | Nepteminr. | October. | November. | December.
n 7. J . 4 17/
el el e el ] 2]s] g
I I S I < §é| < (2% s |24 ~ §§”'
Fl = 5y = E5 = B3 = |E3 = |28 = |BE
- & 8, - [ - B s o F o B,
: g |7 g 7 |7 ! A E I E | Ik ’
De M. DD, MY "-I Do M S, l|-; D. M. ;i- X)-i De M.|s. D.‘ D, Mofse D
| 920 ado oanai2 1ext0s 1 un o 20 s )
Ao 2 o w2 do 93 <o og 30 b 2
Tt 210472 310 B3 1 04 411 200 3
R A 2 410 b3 412 14 G2 21l 4
Al 130 4||-.» a2 AL 7;3 ais 1{4 111:: 225 :»I
c.iu 100 R T T
s 70 ol4 402 714 63 7‘l|:. Ay s 21 7
WG 10 s a2 &5 a3 6 24 96 23
wl7 10 MG a7z 916 43 917 241017 205 ¢
lu||7 g N7 02 1017 4I:l w|u= :il4 1118 2715 1
s ano 101s 342 108 83 e 34 12 20
1219 530 Oty 322 01219 33 1220 43 1320 2905 1
2o Suu 1220 312 1320 23 I:l|2l 44 1421 3005 12
12l 470 il 202 1120 23 1422 G4 1622 g
Loz 430 M2 202 1522 23 150 Ge 1628 2
e 420 l.'»:-_):; 22162 13 I Ge 1524
1724 390 24 202 1524 3 17026 74 186120
1825 360 1725 202 1625 13 16 74 1026
1926 3o 120 agl2 1926 1927 84 20027
2027 :uio m{_’; 2112 2027 20028 9;1 o2
2o 200 1obs 121 2028 -.'u}z 21'2y 2Ap0 oy 22
t.'."-.m 260 2020 101 2020 192 2220 03 24 F 104 23
20, 20 2y 81 2o w2 2 21 1l 2l
Px U o20028 1 6l 17224 0 ob 242 124 29 2
25 2 on syl 2 4:1 202 1622002 of 253 1342003
el 3 100 24 3 20 23l s a2 adl 3 ol 26 4 134 27} 4
27 4 120 23] 4 0;1 24 1422704 03 2| o 144 5
28 5 1000 260 4 581 27 5 132 20 5 0B 20 6 134 29/ 6
290 6500 27) & 561 200 6 122 29/ 6 0 290 7 168 20{ 7
B0 7 B0 26 ST 113 W7 ols 175 of 8
sl zogel7 a2z ol [ fa e 0l (9
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A Table shewing what Time it ought to be by the Clock mhen the Sun's
Centre is on the Meridian.

P

The Bissextile, or Leap-year.

January. | F'ebruary. { March, Apnil. May. dune.

¥
# .

H. M. S |H. M. b [H. M. S. Ill- M. 5. (M. M. Q.M. M. N,
I 3 50N 1E S 12 32\n 3 b 36 8% 57 20
o pwsl asael weae woed s6a0 57 a6
3 a3 1t 17 12 6 58 56 34 57 1))
b 5 :z:fh 14 28 11 52 2 50 56 28 5T 5
5 5 30 14+ 28 11 48 2 32 30 Q9 a8 6
Glxu 6 l','l\u 1% 32x11 11 *.'l-'\n 2 13k 50 17a 58 17
N 6 13 14360 11 9 1 38 56 14 AR el
8 7 o0 1+ 39 10 5% 1 M| 5610, 38 39
¢ T3 18 40 10 3 12y 50 6 38 50
1 T a9 1t 81| 1022 1 3] a6 4§ 59 @

ulxu 8 ‘.’:llxu 14 421 10 G 0 S1na 56 21 59 14

8 40 1+ 41 0 19 0 55 56 1 59 20
18 9 9 1t 10 9 32 0190 56 0 39 39
1 981 1sss 9l o o4 3550 59 51

15 9 53 1% 35 8 .T;Iu 39 19 55 59 0 3
lGIXII 10 146xmm 1% .‘il‘xu 8 1-0'\1 a9 Star 56 Opnm O 16
17l 10 3 14 20 8 22 5y Lo 56 ¢ 0 9
18 10 54 11 21 8 kK 50 0 56 4 0 42
19| 11 11f 1% 16 TR 38 a2 56 0 0 51
20 11 2 1+ 9 N L 50 9 17
Quixm 11 46)vi1 1+ 2x11 7 81 38 206xr 56 18xn 1 20|
ol 12 ¢ 13 5% 6 50 58 14 56 17 1 33
23 12 18 13 40 6 31 58 2 56 21 1 4
9 4 12 33 13 37 6 12 57 51 56 27 1 59
25 12 47 13 7 554 57 40| 56 82 2 11
26,x11 13 le" 13 l7'xu 5 35xr 57 80x1 56 39ixu 2 2
7 18 13 13 7 5 16 57 20 56 45 2 86
og] 13 24| 12 55 4 58/ 57 11 56 53 2 4¢
{y) 13 85 12 44 4 3 57 8 57 O 3 1
30 13 45 4 21 56 55 57 8 8 13
31 18 54' 4 Ql 57 17
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A Table shewing what Time it ought to be by the Clock when the Sun's
. Centre is on the Meridan,
The Bissentile, or Leap-y ear.

[

July. August. [ Septunber | Oceoer. | Novauber. | Decemiber.

c

&

v
H. M. W] H. M. & | He M. L. M. S| 1. M. S M. M. S.
i 3 25 5 508 39 dan1 ) 20a 3 17v0 19 18]
2 3 80 5 O o 14 19 7 3 87 30 0
gl e .'3. +7 s 11 a8 30 18 14y 3 18 o) 3
{ 1. 3 40 a8 50 18 o} 13 1Y 50 55
M 1 8 a5 30 a8 15 18 13 15 52 al 21
Oxfi 1 1ax 5 201 5T 5 I 17 S0 13 a5v 51 46
n IR 5 1t a7 90 7 10 13 39 02 13
& + 37 o 0 a7 15 7T % 1+ 5 a2 30
9 110 50 a6 55 Toal 1y 9 a5 7
m’l P53 kSl 5680 16 52 t1h 15 53 81
lll\u 5 ‘.’:\n o2l 30 13 £0 S0 11 23] ok ss
12 5 10 1 52 5o a2 29 4+ 31 ot 3
1: 5 17 1 21 20 3 i 9 44+ 10 a4 39
1% 5 24 ¥+ 10} 35 10 5 39 1+ 5 a0 28
15 5 30 3 58 S5t 19 15 12 1 1 29 a7
16xin 5 85w 8 #6lx1 58 28\1 85 S0p1 15 12 56 27
17 5 40 3 34 5y 7 15 14 45 25 36 50
18 5 45 320 59 46] 45 7 15 38] 57 206
19 5 49 3 7 53 Q) 41 o7 15 52 57 50
20 5 52 2 53 53 4 b 47 46 7 58 26
i 5 saxin 2 38x1 52 s#{x1 4 38/ 1 46 231 58 56
22 5 67 2 23 52 2 1+ 30 46 10] 50 20
J 5 50 2 8 a2 2 4 22 46 57 59 57
4 6 o 1 52 51 42 41 15 17 15|xn 0 27
5 6 1f 136 5122 44 9 47384 0050
6xiu 6 1xu 1 19|x1 51 2sr 4+ 4fx1 7 5S4 1 27
7 6 1 1 2 50 42] 13 50| 48 14 1 57
8 6 0 0 45 50 23 13 55 48 35 2 20
9 5 58 02 50 8| 43 52| 48 57 2 55
S 556| 0 9 49 4 43 50 19 20 3 24
1l 5 sslxn 59 51 | 43 a8l 3 58
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CIAP. X1V,

A Table shewing what Time it ought to be by the Clock when the Sun's

Centre is on the Meridian.

The first Year after Leap-year.

~

January. | I'ibruary. | March. Apnl. May. June.
&
[ 4
H M. » He M. \-’ Me Mo So|He Mo Se [ He Mo S| M. WM. N
I b 20N T Oan 12 S6AE G OBXE 36 30N 5T 28
Q Ly 11 lo"' 12 24 581 T B B R
3 317 1 12 10 N ¥ A 50 a7 18
4 5 uf 1 27‘ a6 2 aal s6oegl 5T 6
5 611 1432 1182 Pt BT LEEVY | I TSR
GAIr 6 8731 14 33a1 11 95 2 J0x1 50 19a1 38 13
- T8 1tas Ly, 2 o2b a6l ss e
8 TS LR 10 10 5T Lokl 56 10 38 83
0 TN 1+l oo 1erl soo7l o oasoar
1 817, 1 41! 10 20 LI 56 4 58 56
11xan 8 ml\n 14 #0110 O 0 34N 36 2\ 30 10
I A O R I BTt Y
13 925 1k 8T 9560 0L a6 5 39 35
EN 17 1t B0 TR (1 TR TY) BT I b
15' 10 bl 1t .‘.'l‘ 9 1X1t 59 52 a0 .’.,ulxn 0 o
— ]
16x11 10 *.'hl\u LE 27800 8 BEnn 54 371 30 u'ivm 013
71 w8l 1 22 8 26 S0 el a6 0 2
18 11 7 1k 1T 8 8 59 9 a6 0 59
19 1123 1k 11 T 58 56l 56 5 0 32
o0l 11 82| 1F T2l 813 56 B 1 &
o1'xt1 11 5910 15 57xn 7 18%1 58 S0 56 12fxu 1 18
e 12 15 13 1Y G 53] 58 18] 56 16 131
2g] 12 30 13 10 G 36 58 6] 56 21 1 44
oy 12 45 13 81 G I8 57 53] 506,26 157
25l 12 58] 13 21 5359 57 44 56 32 29
26X 13 11\ 13 l()':m 5 411 57 34/xn 56 38xn 2 22
527 15 280 1239 5e 57 2 5643 2 34
28] 13 34 12 48 5 4 5715 50 52 2 47
20| 13 44 245 57 6] 5650 2 50
90| 15 5 4 261 56 58 57 7 o 10}
sil 14 o | 4 8 57 16
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A Table sheuning what Time it ought to be by the Clock when the Sun’s
Centre is on the Meridian.
N

The first Year after Leap Year.

L ]
T July. August. | September. | October. | November. | December.
' He M. Seflle Mo S (L. Mo S [ Mo So| M. Mo S He Mo S
| |
P 3 wehar 3 50N 30 87 19 S0k 43 871 49 36
ol 833 5460 59 18] 19 11 43 4G6] 49 50
J ENY! 5012 a8 50 48 53 3 46 50 9
il a5 5860 38 sol 18 84 43 471 50 48
5 15 531 38 19 48 17 3 50 51 13
)
ot a5 28 57 SO 18 Olxr 43 33k 51 30
- 195 5 17| 37 8Y 788 43 570 52 5
151 oo 570 47 26 4+ 1 52 3w
9 143 310 56500 17 100 w7 52 50
1] 1 51 153 a0 38 16 53] 1% 18] 53 27
Hhar 5 (l'\u 1 i 30 ]8'“ 10 L()'n 14 20x1 33 39
T I toodl 35 57 16 26) 4 29| 54 23
11 511 £ 55 800 46 12 44 38 54 5
1 | 112 a5 15 15 58 4+ 48] 35 21
13 3 98 £ sE ot 15 45 w59l 55 5@
16X1L 35 33a11 3 Mg 51 SHx1 5 33x1 45 10kt 56 2
n S5 89 387 Sk 18 1522 4529 56 5
18 548 3 o8 38562 4511 4536 57 2
19 5 1h 31| 5331 45 0 45 500 57 50
20 552 257 53100 4+ 500 46 4 58 20
21xar 5 5o 2 Mg 52 49kt 44 1ixt 46 20x1 58 50
20 5580 . 228 5220 44 33 46 36] 59 20
23 G 0 2 19 52«8 4125 46 53 59 50
024 G 1 157 51 48] 4418 47 1lxir 0 20
2.5 6 2 141 5127 4+11 47 30 0 49
(i} 2|xn 1 24x1 51 7)x1 4+ Ox1 47 49xu 1 19
G 2 1 7 3047 44 1] 48 9 149
6 1 0 500 50 27 43 56 48 30 2 18
5 59 032 50 sﬂ 43 53 48 51 2 47
5 57 014 49 40| 43 500 49 13 316
Kesalx1 50 56 43 47 3 45
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A Table shewing what Tim it onght to be by the Clock when the Sun's
Centre is on the Merdian.

Il
The second Year after Leap-year.
|
January. | Fibruars. [ Marh. Apnl May. June.
5
. I |
H. M. S UL Me S| M. M. N M. M. S M. M. ST M. s
i .
Twvur ¢+ 15\ 1t lil\u 12 5T 5 52 56 50N 57 2
¢ LR L R 34 o6 w3 57 o
R T A T N I T T B o
d  aa 1 -::,I 1 .',.xl 2 58 5 :m[ 37 50
& 6 3 11 29 11t} oo a0 N0
) [ | -
Gy 6 B0NT T4 S 1L S0 2 228 5 19 38 1
h t .'uil 1 sty 11y ¢S 1t N 22
8 T 9l 11 58 11 o I 18 a0 10 58 93
o TH 1 10015 a1l ab o7 a5
m{ 8 10 11 11' 10 29 1 nl S0 a' 58 .'m'.

AP LE LA 1O 13N 0 45 36 2y 59 X

1
it 8 .‘H:

T I O T T O X I A B I |
1.'.-i [TRCT1 S W] 010 0 2o S 0] 5 88
1t 012 1t Hh, Guioe 011 5550 509 5
m; LTI LY Har 50 .'»(il 53 500 59 .',sl
6N 1O 23 18 201 & IS 59 b 56 ot o !
v 10 ¢t 14+ 214 S Lo N S01 0 24
i8] 11 8 1k 10 g 12l syl 86 o3 0 36
fol 11w 111 73R a8 a0 a6 5 00
t'i» 11 39 1t h‘i A N T 506 8 |
e 11 55N 18 30 T OIBNT 58 23t a6 11 115
sl 19 11 19 51 6 a0 a8 20 &6 15 198
gl 12 97 1 12 G 11 58 8 56 20 (Y]
gl 12 41] 13 82 G221 57 57 625 1 53
sl 12 58 15 ui 6 .¢i 57 46] 56 30 g6
G 13 7a 13 120 5 11'e 57 351 56 26 2 18
o~ 13 190 18 ll 5 o6l 5T @5 56 12 2 3]
8| 1380, 1249 5 7] 57 15 5649 2 43
g 13 40, 4 48, 57 6| 56 56 2 55
s0| 13 49, ) 4 29| 56 58 57T 4 8.7
31| 13 58] | sn 57 12 .
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A Tablc shen ing what Trime it vught to he by the Clock when the Sun’s
Centre is on the Meridian.

\
The sccond Year after Leap-year.
July. August. '.Scpmnbcr Qctober. | November. | IDecember.
=]
5
¥ |
n. A} Q.i H M. &I M S| H. M. ]I M. SN M. 8.
e o 19 3 At 59 120 19 85ha 43 47ha 49 31
Y 380 5 18] oy 98 19 10 13 16| 49 54
3 3 11 519 59 4 a8 58 43 471 50 18
1 Yy Se! S8 5y 15 48 10] 43 491 50 4
5 Lo 5493 8 es 1829 43 51 51 8
—|— \ |
O 1 l»'\u 527\ oh ()J\l 18 Flar 43 53\ 51 34
i 1 23 s w0 5T 16 47 48] 43 57 52 0
8 13 a1l a7 200 47 82| 44 9 52 27
9 112 5oa AT 5 7160 o+ 7 52 54
10 t 51 t 560 50 3] 47 O 44 13 53 21
FRVTER! 0 n 4 l'."\l 56 241 46 t3ha 14 21'\1 58 49
12 507 t 38] 56 q 16 311 44 28] 5% 17
14 511 4+ 928 5318 40 17 44 87 5% 46
1 S5 21 117 55 92 40 8 44 46] 55 15
15 5 98 + 5 5351 15 50 4% 57 35 44
l(i'\u 5 84 3 St S5 40\ 45 ST 45 8|1u 56 13
17 5 39 3 41| 54 10| 45 25 45 20 56 42
18 X | 3 Q2 53 58 5 14 45 324 57 12
19 5 18 315 5387 45 8| 45 46| 57 42
20) 5 59 3 1| 5316 44 53] 46 1| 58 12
21x11 5 531 2 #7an 52 5581 44 441 46 161 58 42'
292 5 57 2 39 52 31 44 85 46 32 50 12
23 5 59 2 16| 52 18] 44 271 40 49| 59 42
2 6 1 2 1| 5153 4419] 47 6xn 011
25 6 2 1 45 51 39 44 13 47 25 0 41
‘26|xu 6 2knn 1 28x1 51 12'\1 44 T7x1 47 44xu 1 11
Q7 6 1 111 5052 44 1| 48 4 1 41
28 6 0 0 54 50 32 43 57 48 25 211
5 59 0 36 50 18 43 53 48 46 2 40
30] « 5 57 0 18 49 54 43 51 40 8 3 9
s1] 5355 o o | 43 49l 3 38|
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A Table shewng what Time it ought to be by the Clock nhen the Sun's
Centre is on the Meridian,

The third Year after Leap-year.

1 r T-T -

January. | I'ibruary. | March. Apnl Ma:. June.

|
57\ 50 Al

Inu ¢ Fhnld dang 12 W0\ 38 37 10

o P o1 T WD C) S BT LN R T 72y

Ji 5 8 18 1215 5200 3T J8

5 805 1+ 2 12 < 300 50 %1 U B

5 558 1t 20 4] Wy 2 15i 306 25: DN
I

) ¥
n Gap 1501119 RIS (A [
1 T 16 11 U5 1o % YN

: Lav 561y
T 1t s 108 13 50 8
85 1L 10 8y 1

-
r
-
<

(A TE) ‘.’l-'\u P a1 3tar 2 27\ 50 20\
J lbl ah D

tHxn 8 20nn 1d s 10 17'\11 1 2\ 56 ::'u S0 o

e LIIST B I I L N (TR 0 le 61 69 17

1 015 1+ U8 0%, 0 2y 3% 50 5 2

1 9 37 14 30 9 20 01K 39 349 50t

15 9 58 14+ 3.3 9 99: 30 58 5% 390 59 5
=

160k 10 18 FE 2081 8 31 30 B2 55 30 0 0

17] 10 58 11 23 &3 S0 29 56 0 019

1IN 10 57 1# 19 d 100 30150 56 1 0 32
T 57 a9y 1 a6 3 0 15
()

T T I R

20 11 sﬂi It 6 309 38 17 a6 6 O 58

alar 11 5080 15 Subie 7 21l 58 Skv a6 ok 111

212 12 6 3 51 TR 58 2 o6 13 1 24

251 I PR L 15 34 O %4 58 100 a6 17 1 37
12 361 13 3% G 23l 57 58 a6 22 1 50

zq 12 50| 13 2% 6 6 57 471 56 26 2 3

.!l)l\u 13 8 13 14 5 48 57 37 50 34)xun 2 15
27 315 13 3 5 20 57 27 56 40 Q 28
» 13 27 12 52 511 57 17 56 47 2 4
) 13 37 4 59 T 8 506 55 2 53
30 13 47 4 33 50 0 57 8 3 5
1| 13 56 4 15 R
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A Talr skewing what Time it ought to be by the Clock when the Sun’s
Centre is on the Meridian.

\
The third Year after Leap Year.
* L ]
July. August. |September. | October. | November. | December.
3
ke
n M. B.|IL M. 8 | M. 9. | M. 8. |H. M. 8.] H. M. 8.
a3 17 5 58a1 59 471 49 40x1 43 48xx 49 2
2 3 28 5500 59 99 49 21| 43 47 49
3 .3 10 545 59100 49 8 4347 501
4 3 sl 541 58 500 48 45| 43 48] 50 87
5| 41 538 58 s1f 48 27| 48 500 51 2
Oaie 1 tiha 5 29lxr 58 11ar 48 gl 48 seha 51 2
H $ 21 599 57 311 47 52 43 5 51 5
8 + 31 513 57 80 47 35 44 52 1
« & 1) 5 % 57100 4T 19 44 5 52 46|
uq £ 1) 158 50 49 47 3| 441 53 13
s + 57 4 49‘\1 56 201 46 48[x1 44 17|x1 53 41
12 5 & 4 30| 356 8 46 33 4123 54 9
13 5 12 499 55147 46 19 4% 33 54 37
14 519 2190 5596 0 5 4% 42 55 6
15 5 25 + 8 55 5 45 52 44 58] 55 85
1 Ixu 5 3lxi1 8 56x1 5t 44(x1 45 sglu 45 4x1 56 5
17 5 47 348 51 u4 4527 451 56 34
18 5 42 831 5% 9 45160 4528 57 4
1 5 10 s 17l 5341 45 5| 45 42| 5T 84
2 5 50 8 H 5320 4+ 55 45 56| 58 4
]
21an 5 59 i1 2 50x1 52 39xi 4+ 451 46 12x1 58 34
2 55 235 5230 44387 46 28 59 4
3 55 22 52 18] 44 2| 46 59 35|
24 6 o 2 5 5158 4121 47 2xu 0 §
25 6 1' 149 5187 4+ 14 4721 0 35
I.‘.’(ixu 6 2xn 1 83x1 51 171 44 8x1 47 40(xun 1
|27I 6 2 11 50 571 44 8| 475 1 85
28 6 2 05 50 38 43 59| 48 2 3
20, 6 1 0 41| 50 18] 48 55| 48 41 23
30, _559 02 49 59| 43 52| 49 ]
1 55 0 6 | 43 49l $ 32

VoL 1.
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$,® OnsErvr, by a good meridian line, or by a transit in-
strument properly fixed, the moment when the Sun’s centre is
on the meridian ; and set the clock to the time marked in the
preceding table for that day of the year ;—then, if the clock
goes true, it will point to the time shewn in the table every day
afterwards at the instant when it is noon by the Sun, which is
when his centre is on the meridian.—Thus, in the .irst year
after leap-year, on the 20th of October, when it is noon by the
Sun, the true equal time by the clock is only 44 minutes 50
seconds past x1; and on the last day of December (in that
year) it should be 3 minutes 45 seconds past x1t by the clock
when the Sun's centre is on the meridian.

The following table was made from the preceding one, and
is of the common form of a table of the equation of time, shew-
ing how much a clock regulated to keep mean or equal time,
is before or behind the apparent or solar time, every day of
the year.-



A

TABLE

oF THI.
EQUATION OF TIME,
SIHEWING

HOW MUCH A (LOCK SHOLLD BE FASTER OR SLOWER THAN
THE >UNy, AT THE NOON OF EVERY DAY IN 1HE Y EAR,
BOTH IN IFAP-YEARS AND COMMON Y EARS.

['The Astensks in the ‘'able shew + hue the Liquaton chinges o Jow o lnst |
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4 Table of the Equation of Time, shewing how much a Clock should
be faster or slower than the Sun, every Day of the Year, at Noon.

The Bissextile or Leap-year.

January. | I'cbruary. | March. Apnl May. June.
£
p ¢ 8. A 8. M, 8. M 9. M 8, n L]
3 59 1+ 3|12 32| 8 s+ 3 13| 2 3%
Y 47 [ 14A10 [ 12A190] 3A26| 3~20 | 2~24
3 435514317123 6] 33 8| 3320 | 2515
5723 | 14723 [ 11752 | 250 3752 2% 5
5 50|14 28 (11 38 2 92| 3% 88| 1 5%
6 171t 82|11 2] 2 15 8 | 1 13
71 6243 | 14556 | 11 9| 1558 | 347 | 1582
8 78 9|1tz | 105 ]| 181 3250 1£21
T34 147w [ 10758 [ 1724 8359 15310
100 7 591+ 4110 22 1 7] 8 30f 0 8
1] 8 23|14 42(10 6] 0 51| 3 58| 0 46
120 8 46|14 41| 9 | 0 ) $ a9 o st
131 9 9|1t 40| 9 82 0 19 ¢ 0} 0 21
14 9 31|14 37| 9 151 0 | ¢+ 1| 0 9
15 9 5811+ 3¢ 8 57| o*11| 4 1] 0 *3
1610 14|14 11| 8 40 0 26| 4 of 0 16
17010 384 |14 26| 8 22| 0At0]| 3 38| 0~29
18010 53 |1+ 21| 8 4| 0354] 3 56| 0342
19913 11|14 16| 7 45| 1% 8| 3 54| 0%54
11 29|14 9| 7 27| 1 21| 8 51 1 7
11 46{14 2| 7 8| 1 84| 38 47| 1 20
12 8(18 54| 6 50| 1546| 3 43| 1533
12 18|13 46| 6 31| 1£58| 3 39| 1§
12 13|13 37| 6 12| 2% 2| 8 33| 1959
12 47|13 27| 5 5¢| 2 20| 3 28| 2 11
S
96| 13 013 17| 5 35| 2 30 8 21| 2 24
|27 13 13(13 6| 5 16| 2 40| 3 14| 2 36
osl 13 24 |12 55| 4 58| 2 #9| 3 7| 2 49
ol 18 35|12 44| 4 39| 2 57| 8 o 3 1
13 35 4 21| 3 5| 2 51| 3_18
1| 13 54 | 4 2| | 2 48
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A Tuble of the Equation of Time, shewing how much g Clock should
“be faster or slower than the Sun, every Day of the Year, at Noon.

The Bissextile, or Leap-year.

[ ]

July. Avugust. | September.| October. | November. | December.
¥
s

M. 8, . S. M. S M. 9, ¢ 8. M 8.
1] 3 251 5 50| 0 27]10 3%|1v 18|10 17
2 8AIG| 5| 046 | 10453 [ 1613 | 9~54
3 ¥Z47| 5% 19 51181116512 | 9329
4, 8%58| 5%86| 1%¥25 11729 | 16% 11| 9% 5
5 4 8| 5 8 1 1+]11 47|16 8| 8 89
6 4 18] 5 23| ¢ +l12 4|16 5| 8 17
7428 | STI0| 242k | 12520 | 165 1| TE4T
8 4337| 53 9| 22151257 | 15257| 7221
o +746] 57 0o L% s 12855315851 | 6851
10, 4 55| ¢4 51 3 20| 1. (15 44| 6 26
M5 e ¢ 120 3 47118 23|15 37| 5 58
120 5 10 + 8|13 37115 29| 5 30
130 5 17] ¢ v 4 29018 51|15 2| 5 1
14 5 24] ¢+ 1w/ + 5014 5{15 10| 4 82
15 5 30| 3 8) 5 1114 18|14 59| &4 3
160 5 65 3 6| 5 821+ 30|14 48| 3 3838
171 5 40] 8 31| 5 53|14 42|14 85| 3 4
18] 5 45| 3 20| 6 14|14 53|14 22| 2 84
19 5 49| 4 7| 6 85|15 8{14 8| 2% 4
E) 5 52| 2 58| 6 56|15 18|13 53| 1 84
1 5 55| 2 838 7 16|15 2213 87| 1 4
el 5 57| 2 23| 7 37|15 80|18 20| o 34°
3l 5 50 2 8| 7 58|15 38|18 3| O 8

6 o 1 52| 8 18|15 45|12 45| O *27
51 6 1] 1 3| 8 38|15 51|12 26| O 57

6 1|1 19| 8 58|15 56|12 6] 1 27
71 6 o] 1 2] 9 18|16 1|11 46| 1wm57
8l 5 50| o 45| 9 37|16 5|11 25| 2826

5 58] 0 27| 9 57|16 8|11 8| 2855
80| & 56| 0 9|10 16|16 13|10 40| 8 4
s1l 5 58| 3 %9 16 12 3 58
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4 Table of the Eguation of Time, shevig how wuch a Clock shorld
be faster or slower than the Sun, cvery Dy of the Yeur, at Noon.

The First Year after Leap-year.

January. | February. | March. April. Muy. June.

1] 4 21]14 9|12 36| 8 49| 3 10| 2 36
2 4049 |14A16 | 1223 | SASI| SIS | 227
5817 | 14322 [ 12510 | 8318 | 3Fus| 2§17
5744 | 14727 | 11756 | 2%55| 8731 2* 7
6 11]14 82/11 42] 2 87| 8 86| 1 57
6 37|14 35|11 28| 2 19| 3 ¢t 1 47
TR 3[14F88 | 11E13 ] 2p 2 S£46 | 1536
B 7THeH | 14540 | 10857 | 1544 | 3250 | 125
7953|1441 | 1042 | 1727 3%53| 1318
100 8 17|14 41110 26| 1 11| 8 56| 1 @
11] 8 40 (14 4010 9| 0 54| 3 58| 0o 50
120 9 3|14 39| 9 53| 0 30 4 0| o 38
18| 9 25|14 37| 9 3| 0 22| 4 1| o 25
14 90 47|14 85| 9 19| 0 7] 4 1| o0 18
1510 8|14 31| 9 1| o *8| 4 1| 0o %
16{ 10 28 |14 27 ) 8 44| 0 28| 4 0| o0 13
§7110 48 |14 23| 8 26| 0~37| 3 50| 0p~26
1811 7|14 17| 8 8| 0F51| 8 57| 05389
19011 25)14 11| 7 50| 1= 4| 3 54| 0®82
11 42|14 4| 7 32} 1 17| 8 51| 1 &
111 59|18 57| 7 18| 1 30| 3 48] 1 18
12 15|18 49| 6 55| 1542 3 44| 1§81
8l 12 80|18 40| 6 37| 1454 8 89| 1544
12 45|18 31| 6 18| 28 5| 3 84| 1757
12 58|18 21| 5 59| € 16| 3 88| 8 9
18 11|18 10| 5 41| 2 26| 8 22| 2 22
18 23/12 50| 5 22| 2 36| 8 15| 2 34
18 34|13 48| 5 4| 2 45| 8 8| 2 47
18 44 4 45 2 54| 3 1| 2 59
19 53 4 26| 8 2] 2 53| 8 10
bil1s o 4 8 2 44
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A Table of the Equation of Time, shewing how much a Clock should
sbe faster or slower than the Sun, evéry ﬁty of the Year, at Noon.

The First Year after Leap-year.

July. August. | September.{ October. | November. | December.

H 38 5 50 0 23|10 30|16 13|10 24
2 3~33| 5~40] 0~42 10 049 16 ~14 10q1

95 5342 15 1113 7]116318| 9397
H 3755 | 5786 | 1721 11526 |16%12 | 9*12
J 4 5| 5 31| 1 41|11 43|16 10| 8 47
bl 4 15| 5 24| 2 1|12 0|16 7| 8 ¥
7 4ER5| 5E17| 2521 | 12327 | 163 8| 7555
8 4534| 55 9| 2€41 | 12434 | 15459 | 7428
9 474s| 57 1| 3% 112585015858 | 75 1
100 4 51| 4 53| 3 22118 5|15 47| 6 38
15 0| 4 43| 8 42|13 20|15 89| 6 5
120 5 7| 4 34| 4 3|18 84|15 81| 5 87
13 5 14| 4 23| 4 24|13 48|15 22| 5 8
14 5 21| 4 12| 4 45|14 2|15 12| 4 89
15 5 28| 4 1| 5 6[14 14|15 2| 4 10
160 5 83| 3 49| 5 26|14 27|14 50| 8 40
171 5 80| 38 87| 5 47|14 88|14 37| 3 10
18| 5 44| 8 24| 6 8|14 49|14 24| 2 40
19 5 48| 8 11| 6 29|15 0|14 10| 2 10

5 52| 2 57| 6 50|15 10|18 56| 1 40
| 5.65| 2 42| 7 11|15 19|18 40| 1 10
2l 5 58| 2 27| 7 81|15 27|18 24| 0 40
3 6 o) 2 12| 7 52|15 8|18 7| O 10

6 1| 1 57| 8 12|15 42|12 49| 0 *20
5 6 2| 1 41| 8 83|15 49|12 30| O 49

6 2| 1 24| 8 53(15 5412 11] 1 19
716 2|1 7| 9 18{16 0|11 51| 1749
8 6 1| 0 50| 9 83|16 4|11 80| 2318

5 59| 0 82| 9 52|16 7|11 9| 2347

5 57| 0 14|10 11|16 10|10 47| 8 16
sl 5 581 0 % 16 12 3 45
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(HAP. X1V,

4 Tahle of the Equation of Time, shewing hew muck a Cluk should
be faster or slower than the Sun, cvery duy of tie Year, at Noon.,

The SEconp Year after Leap-year.

January. | February. | March. Aprﬁ. May. June.
M. 8. P ¢ [ 8 M. B M. 8, b ¢ 8. M. 5.

el 4 18[14 G122 37| 8 s2f 8 10 2 39
2l $a4l | 11AlS ) 1A SASEL J~1T | 2aA50
S| 58 9| 1481y Vmg"'m STI6 | SFer; owfw0
5%36 | 1425 | 11758 2758 - S7s0) 2rh0

6 3|14 2011 1} 2 0f 5 .«;i 2 0
6 30|14 33]11 0| 2 w2{ 2 w1 | 1 19|

6 =50 14;;.:16 IMgls | 22 5| L4611 PLos

8 7821 |1ss8 | nE o 12| siw| 15
7746 | 14340 | 107945 | 1331 3353 1313

10f 8 10|14 41 {10 29| 1 1| 8 46| 1
11] 8 84|14 41|10 13| O 58| 4 58| O 52
12t 8 58|14 40| 9 56| 0 42| 3 S9| 0 JY
18] 9 2011% 38| 9 40| 0 26| 4 v| 0 27
14 9 42|14 86| 9 23| 0 11| 4 1| 0 15
15/10 3|14 33} 9 6] 0 *+| & 1| 0 2
14 29} 8 48| 0 19| ¢ 0] 0 *N

14 24| 8 30| 0A33| 8 59| 0c24

14 19| 8 12| 0247 | 8 57| 0836

14 13| 7 54| 1 1| 8 55| 0F49

14 6) 7 361 1 14| 8 52| 1 2

13 59| 7 18| 1 27| 8 49|.1 15

18 51| 6 59| 1240 | 3 45| 1528

18 42| 6 41| 1452| 8 40 1541

13 32| 6 22| 28 8| 8 85| 1758

13 22| 6 8| 2 14| 8 80| 2 6

18 12| 5 44| 2 25| 8 2| 2 18

13 1| 5 26| 2 35| 8 18| 2 31

12 49| 5 7| 2 45| 3 11| 2 48

4 48| 2 54| 8 4| 2 55

4 20| 8 2| ¢ 56| 8 7

4 11 3 48
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A Table of the Equation of Time, shewing how much a Clock should
* be faster or slowe: than the Sun, every day of the Year, at Noou.

The Secoyp Year after Leap-year.

b

July. August. |September.| Oectober. | Novemben | Drctinber.

E

’
M. L] M. 8. M. 8. M. S, M. 8 . B
11 8 19! 5 51 0 18[10 25]16 13|10 29
2 330 5~48| 0A3T|10~44]1613 |10~ 6
3| 3g#1| 6Z43| 056|115 216512 | 9542
H 37 m| 5738 | 1715 11%/20 | 16711 | 9*17
;) 4 8| 5 53 1 385(11 88|16 9| 8 52
1 1% 5 27| 1 54|11 55]16 7| 8 26
Tob2e3 | 520 2Z1#| 12212162 8| 820
8 12493 5518| 223412228 | 15858 | 7285
9 s+7ge| 57 5| 2855|1254 15853 7% 6
100 ¢+ 51 4 50| 3 15|13 0|15 47| 6 39
11 & 59| ¢ 47 3 36|13 15115 40| 6 11
12] 5 7| 4 38| 38 56118 2915 83| 5 43
13| & 14| 4 28} 4 17|13 43|15 23| 5 14
18 5 21 4 17| 4 38|18 57|15 13| 4 45
15 5 28| 4 5] 4 59|14 10/15 8] 4 26
160 5 34| 8 54| 5 2014 28|14 52| 8 47
171 5 39| 8 41| 5 41114 35(14 40| 8 18
18| 5 44| 3 28| 6 2|14 46|14 28| 2 48
190 5 48| 8 15| 6 23|14 57|14 14| 2 18
P552316u1571359 1 48
211 5 55| 2 47| 7 5(15 16|13 44| 1 18
2l 6§ 57| 2 32| 7 26|15 25|13 28| 0 48
23] 5 59| 2 16| 7 47|15 83|18 11| 0 18
24l 6 1| 2 1| 8 7|15 41|12 54] O *11
6 2| 1 45| 8 28|15 47|12 85| 0 41
6 2] 1 28| 8 48|15 58112 16| 1 11
6 2|1 11} 9 8|15 59|11 56| 1g4l
8 6 1| O 54| 9 28|16 8|11 385 2511
9 5 50| 0 86| 9 47|16 7|11 14| 2540
80 5 57| 0 1810 6(16 9|10 52} 3 9
31 5 551 0 *0 16 11 8 38
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A Table of the

RQUATION TABILES.

ion of Time, shewing how much a Clock should

CH. XIV.

be faster or slower than the Sun, every day of the Year, at Noon. ’

The THirD Year after Leap-year.
. ;

January. | February.| March. April. Muy. June.
7
*

M. 8. M. 8. M. s. M. 8 » 8. M. 8.
1] ¢4 7|14 5(12 40| 38 57| 8 8| 2 41
2 4135 | 14012 1298 | 3A38 | 3415 | 2431
8 53 3|14%18 | 12815 | 3520 | 8Fe2| uFe

5%30 | 14724 | 12F 2| 3% 2| 8$w7ag | 2*]2
3 6 58(14 29|11 48| 2 45| 8 43| 2 @

6 2|14 33|11 84| 2 27| 8 40| 1 &1
71 6250 145436 1219 2: 9| 3244 | 1241
8 721614338 | 113 4| 1852 3348 1330

7341 114740110549 ] 15335] 3552 | 1318
10 8 5|14 41(10 33| 1 8| 8 55| 1 %
11{ 8 29|14 41|10 17| 1 2| 8 57| 0 355
12| 8 52|14 40|10 O 0 45| 3 59| 0 43
18] 9 15|14 88| 9 43| 0 29| 4 1| 0 31
14 9 37|14 86| 9 2| 0 14| 4 1| 0 19
15 9 58|14 88| 9 9| 0 *2| ¢4 2| 0 6
16/10 18|14 29| 8 51| 0 17| 4 1| 0 *6
1710 88|14 24| 8 34| 031 | 4 O O0pl9
18/ 10 57 (14 19| 8 16| 0345| 3 59| 0gse
19 11 15|14 18| 7 87| O%59 | 3 57| 0%45

11 8|14 6| 7 891 1 13| 8 54| 0 58
1 50(18 59| 7 21| 1 26| 8 51| 1 11

12 6118 51| 7 2| 1238| 3 47| 1324

12 22118 48| 6 44| 1€50| 3 48| 1887

12 86|18 84| 6 25| 2% 2| 8 38| 1750

12 50|18 24| 6 6| 2 18| 8 82| 2 3

18 8|18 14| 5 48| 2 28| 8 26| 2 15
7118 15|/18. 8| 5 29| 2 83| 8 20| 2 28

18 27|12 52| &5 11| 2 43| 8 18| 2 40

13 87 4 52| 2 52| 3 5| 2 353

18 47 4 88| 8 of| 2 58| 8 5
1] 18 56 4 15| ° 2 49
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4 Table of the Equation of Time, shewing how muck a Clock should
be faster or slower than the Sun, every of the Year, at Noon.

The THirp Year after Leap-Year.
[

July. August. |September.| October. | November. | December.
4
K

M. s. M. | M. 8. . [ M. B. M. E
11 8 17| 5 58] o*%8|10 2 )16 12|10 34
2l 3m28| 5a50]| 0A31 10439 |16a13 | 10a11
8 8% 5845 035010857 | 16213 | 9548
4 siﬁ 5;8941 1§rw u§-16 16§rw 9 %23
5, 4 1| 5 85| 1 29|11 33|16 10| 8 38

4 11| 5 29| 1 49|11 51{16 8| 8 88
7 4p21 | spe2| ez 9|122.8|1624| 827
8 ¢%31| 5215| 2350 |12425 16 0| 734l
9 4740| 5% 2850 | 12841 | 15955 7514
100 4 49| 4 58| s 11|12 57|15 50| 6 47
11] 4 57| 4 49| 8 81|13 12|15 43| 6 19
120 5 5| 4 40| 8 52|18 27|15 85| 5 51
18 5 12| 4 20| 4 13|18 41|15 27| 5 28
14 5 19| 4 19| 4 34|18 55115 18| 4 54
15 56 25| 4 8| 4 55|14 8|15 7| 4 25
16 5 81| 8 56| 5 16|14 21|14 56 8 55
171 5 87| 8 43| 5 87|14 83|14 44| 8 26
18| 5 k| 8 81| 5 58|14 44|14 32| 2 56
19 5 46| 8 17| 6 19|14 55|14 18| 2 26
Fs'm346w155u4156
1| 5 58| 2 30| 7 115 15|18 48| 1 26
2l 5 56| 2 85| 7 21|15 28|18 92| O 56

5 59| 2 20| 7 42|15 32|18 16| O 25

6 o]l 2 5| 8 2|15 89|12 58] 0 *5
5] 6 1| 1 49| 8 2815 46|12 89| O 35

6 3| 1 83| 8 48|15 52|12 20 ¥ &
71 6 2| 1 16| 9 8|15 sT|12 1| 1385
86205992316111403&4

6 1] 0 41| 9 43|16 5|11 19| 27354

.5 50| o 24|10 1|16 8|10 B7| 8 S
fsal 5 561 0o 6 16 11 s s¢
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4 concise Eguation Table, adapted to the second Year afier
Leap-Year, and within a Minute of the Truth jfor every
Year; shewing, to the nearest full Minute, how much a
Clock should be faster or slower than the Sun By M.
SMEaTON.

= Iy w8
HHIEIEER
P
| ¥ ﬁ’:; II‘a Fs
Jan. }f 4 42 lAug 9 34 |Oct 27 10
5Q LE] 15 45 [Novw.15 13
68 2L 20| 3%
(I 1§ 2 2@
8% 0- 28 18
12| of 31 oF
15 105, 1 bl Deec.
18 118 20 [|Sept. 3| 1
21 125, 33 o 2
25| 137 4% 9 32
81| 142 s& 12, 42
Feb.:10{ 153 2% 15 5%
21| 14 17 18| 65
27] 13 0 21l 78
Mar. 4] 12 8
11 gg'
12| 10 10
15 9 ng
190 8 12w
7 185
25 6 14
28| 5 15

This table is near enough for regulating common clocks and
watches. It may be easily copied by the pen, and bemg
doubled, may be put into a pocket-book.



CHAP. XV.

THE MOON'S SURTACE MOUNTAINOUS—~HER PHASES DESCKIBED
—HER PATH, AND BHE PATHS OF JUPITER'S MOONS DELI~

e NEATED—THF. PROPORTIONS OF THE DIJMETEES OF THEIR
ORBITS, AND THOSE OF SATURN'S MOONS, TO EACH OTHER ;
AND TO THE DIAMETER OF THE SUXN.

252. By looking at the Moon with an ordinary te- my, po'
lescope, we perceive that her surface is diversified surface’
with long tracts of prodigious high mountains and mountainous,
deep cavities. Some of her mountains, by comparing their
height with her diameter (which is 2180 miles), are found to
be three times higher than the highest hills on our Earth.}
Thi« ruggedness of the Moon’s surface is of great use to us,
by reflecting the Sun's light to all sides; for if the Moon were
smooth and polished like a looking-glass, or covered with
water, she could never distribute the Sun’s light all around ;
only i some positions she would shew us his image, no bigger
than a pont, but with such a lustre as would be hurtful to
our (‘.‘ (LN *
253. The Moon’s surface being so uneven, many have won-
dered why her edge docs not appear jagged, as well as the curve
bounding the light and dark places. But if we conader, that
w"hat we call the edge of the Ll(:on’s- dise is not &y oo e
single line set round with mountains, in which case appearonher
it would appear irregularly indented, but a large *#*
zone having many mountains lying bchind one another from
the observer’s eye, we shall find that the mountains in some
rows will be opposite to the vales in others; and so fill up the
incqualities as to make her appear quite round : just as when
one looks at an orange, although its roughness be very discern-
ible on the side next the eye, especially if’ the Sun or & candle

1 It appears from the observations of Schroeter, that the height of Leibaits, ong
of the highest mountains in the Moon, does not exceed 34,700 feet. Chimborape,
she highest mountain on onr Earth, is fully 19,200 feet 5 w0 that the highest lunas
tnountaina are scarcely 1} times higher thun the highest on our globs. See the
supplementary chapter on Selerography.—Ed.
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shines obliquely on that side, yet the line terminating the visikle
part still appears smooth and even.
The 254. As the Sun can only enlighten that half of
has no twi- the Earth which is at any moment turned towards
him, and being withdrawn from the opposite half,
leaves it in darkness; sohe likewise doth to the Maon: only with
this difference, that the Earth, being surrounded by an atmos-
phere, and the Moon having none (See p. 19, Note 2), we
have twilight after the Sun sets; but the luuar inhabitants
have an immediate transition from the brightest sun.shine to
the blackest darkness, § 177. For, let 7k 2w be the Farth,
P ViL. and 4, B, C, D, E, F, G, H, the Moon in eight
Fig. 1.  different parts of her orbit ; as the Earth turns round
its axis, from west to east, when any place comes to 7, the twi-
light begins there, and when it revolves from theuce to 7, the
Sun S rises ; when the place comes to s the Sun sets, and when
it comes to w the twilight ends. But as the Moon turns round
her axis, which is only once a month, the moment that any
point of her surface comes to 7 (Sce the Moon at G), the Sun
rises there without any previous warning by twilight;? and
when the same point comes to s the Sun sets, and that point
goes into darkness as black as at midnight.
The Moon’s 255. The Moon being an opaque spherical body
phuses. (for her hills take off no more from her roundness
than the inequalities on the surface of an orange take off
from its roundnesk), we can only see that part of the enlighten.
ed half of her which is towards the Earth. And, therefore,
when the Moon is at 4, in conjunction with the Sun §, her
dark half is towards the Earth, and she disappears as at a,
there being no light on that half to render it visible. When
she comes to her first octant at B, or has gone an eighth part of
her orbit from her conjunction, a quarter of her enlightened
side is seen towards the Earth, and she appears horned, as at .

2 1f the Moon had & twilight, it is evident that the portion of the obacure part of
her disc which is immedistely contiguous to the enlightencd part, should be lighter
than sny ather portion of the dark hemisphere; aud since the twilight is alway.
greater at the poles than at the equator, this faint hight, bordering on the line which
serminates the visible hemisphere, should be more perceptible at the poles than at the
osqontor. M. Schroeter has actually discovered & faint border of grey light at the
cuspe of the Moon, and has thus proved the existence of a twilight, and consequent-
ly of an atmosphere in the Moon. - Ses the supplementary chapter on Seleno-
gaphy.—~Ed
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When she has gone a quarter of her orbit from between the
sarth and Sun to C, site shews us one half of her enlightened
de, as at ¢, and we say she is & quarter old. At D she is in

her second octant, and by shewing us more of her enli

side she appears gibbous, asat d. At E her whole enlightened

side is towards the Earth, and therefore she appears round, as

at e, when we say, it is full Moon. In her third octant at F,

opart of her dark side being towards the Earth, she again wp-
pears gibbous, and is op the decrease, as at £ At G we just
see onc half of her enlightened side, and she appears half de-

creased, or in her third quarter, as at g. At H we cnly see a

quarter of her enlightened side, being in her fourth octant,

where she appears horned, as at 4. And at 4, having com-
pleted her course from the Sun to the Sun again, she disap-
pears ; and’ we say it is new Moon. Thus, in going from 4 to

E, the Moon seems continually to increase; and in going from

E to A, to decrease in the same proportion ; having like phases

at cqual distances from 4 to E, but as seen from the Sun S,

she 1s always full.

256. The Moon appears not perfectly round when The Moon's
she is full in the highest or lowest part of her orbit, di not al-
because we have not a full view of her enlightened ;:’:dqm
side at that tine. When full in the highcst part of fll
her orbut, a small deficiency appears on her lower edge; and
the contrary when full i the lowest part of her orbit.

257. 1t is plain by the figure, that when the . phases
Moon chunges to the Earth, the Earth appears full of the Earth
to the Moon; and vice versa. For when the Moon 2d Moo
15 at A, new to the Earth, the whole enlightened s
side of the Larth is towards the Moon; and when the Moon
1s at E, fill to the Earth, its dark side is towards her. Hence
a new Moon answers to a full Earth, and a full Moon to a
new Earth. The quarters are also reversed to each other.

258. Between the third quarter and change, An agreesble
the Moon is frequently visible in the forenoon Phenomenon.
even when the Sun shines; and then she affords us an oppor-
tunity of seeing a very agreeable appearance, wherever we find
a globular stone above the level of the eye, as suppose on the
top of a gate. For, if the Sun shines on the stone, and we
place ourselves so that the upper part of the stone may just
seem to touch the point of the Moon's lowermost horn, we shall
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then ‘see the enlightésed part of the stone exactly of the same
shape with the Moow, horned-as she is, and inclined the same
way to the horizon. The reason is plain ; for the Sun enlight-
ens the stone the same way as he does the Moon ; and both
being globes, when we put ourselves into the above situation,
the Moon and stonc have the same position to our eyes; and,
therefore, we must see as much of thetilluminated purt of' the
oné as of the other.

259. The porition of the Moon's cusps, or a right
|im| degne Tine touching the points of her horns, is very differ-
what. ently inclined to the horizon at different hours of the
same days of hcr age. Somctimes she stands, as it were, up-
right on her lower horn, and then such a line is perpyndicular
to the horizon; when this happens, she is in what the astronomers
call the Nonagesimal Degree ; which is the highest point of the
ecliptic above the horizon at that time, and is 90 from both
sides of the horizon where it is then cut by the echptic  But
this never happens when the Moon 1 on the menidian, except
when she is at the very beginning of Cancer or Capricorn.

How the in- 260. The inclination of that part of the echptic to
dination of the horizon in which the Moon is at any time when
the “llP“f horned, may be known by the position of her horns ;
moay be fou
by the posi- for a right line touching therr points 18 perpendicular
sion of the g the ccliptic.  And as the angle which the Moon
Moon's horns . . . .

orbit makes with the eclipic can never raise her
above, nor depress her bedow the ecliptic, more than 2 minutes
of a degree, as seen from the Sun ; it can have no sensible effect
upon the position of her horns. Therefore, if a quadrant be
held up, so that onc of its edges may seem to touch the Moon’s
homs, the graduated side being kept towards the eye, and as
far from the eye as it can be conveniontly held, the arc between
the plumb-line and that edge of the quadrant which scems to
touch the Moon’s horns will shew the inclination of that part of
the ecliptic to the horizon. And the arc betwcen the other edge
of the quadrant and plumb-line will shew the inclination of a
line, touching the Moon’s horns, to the horizon.
Pute vir = 261. The Moon generally appears as large as

Fig. 1. the Sun; for the angle v k A, under which the

Moon is scen from the Farth, is the same with
,-.uﬁ the angle L ¥ M, under which the Sun is seen
M% 8BS fom it And therefore the Moon mey hide the
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Sun's whole disc from. us, .W does in solar
\ﬁhpses The reason why shepdiqs: nelicligee ‘she San st
cYery change, will be explained miifwards, If the Moon
wert farther from the Eqn.h s dt g, she would never hide
the whele of the Sun fram, ys; for then she would appear
under the angle Nk G, eclipsing only sthat part of the Sum
which lies between V and 0 : were she still further from.
‘arth, as at X, she would’ appear, under the swal)
* Tk W, like a spot on the Sun, hiding ‘omly thepn-t TW
ffom our sight.

262. That the Moon turns round her. axis inthe ,
time that she goes round her orbit, is quite demon- 's turs-
strable ; for a spectator at rest, withont the periphery 12 round ber
of the Moon's orhit, would see all her sides t.llmed
regularly tohards him in that time. She turns round her axis
fiom any star to the same star again in 27 days 8 hours ; from
the Sun to the Sun again in 29} days : the former is the length
of her sydereal day, and the latter the length of her solar day.
A body moving round the Sun would have a solar day in every
revolution, without turning on its axis; the same as if it had kept
all the while at rest, and the Sun moved round it : but without
turning round 1ts axis it could never have one sydereal day,
hecause 1t would always keep the same side towards any given
star.

263. 1f the Farth had no anmual motion, the Moon .
would go round it so as to complete a lunation, a f:".us sygo-
svdereal, and a rolar day, all in the same time. But, g revolu
because the Farth goes forward in its orbit, while the
Moon goes roupd the Earth in her orbit, the Moon must go as
touch more than round her orBit from change to change in com-
pleting & day, as the Earth has gone forward in its orbi¢
during e, i. . almost a twelfth part of a circle. J

26+. The Moon’s periodical and synodical revolu- Familiady
tion may be familiarly represented by the motions represented.
of the hour and minute-hands of a watch round its dial-plate,
which is divided into 12 equal parts of, hours, as the ecliptic is
divided into 12 signs, and the ycar into 12 months. Let us
suppose these 12 hours to be 12 signs, the hour-hand the Sun,
and the minute-hand the Moon, therr the former will go round
once in a year, and the latter once in a mpnth : but the Moon,
or minute-hapd, must go mre than round from anypomtot‘

YOL. 1.

%e
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the circle where with the Sun, or hour-hand,
o overtakadt m-bmd being in motion, cap
never beovmbyﬂﬂluh-bmd at that point from whith
they staxted at their.Jast conjunetion. The first column of the
following table, shews the numbgr of conjunctions whuch the
hour apd minute-hand make whilst the hour-hand goes once
round the dial-plate; and the other.columns shew the times
when the two hands meet at each conjunction. ‘Thus, supposc
the two hands to be in conjunction at x11, a~ they alwaye are ;
then, at the first following conjunction it 15 5 mihutes 27 secouds
16 thirds 21 fourths 49, fifths past 1, where they meet; at
the second conjunction it is 10 minutes 54 seconds 32 thirds 43
fourths 88,% fifths past n: and won.  This, though an casy
illustration of the motions of the Sun and Moon, 1 not precise
as to the times of their conjunctions ; because, wiule the ~un
goes round the ecliptic, the Moon makes 124 conpunctions with
him ; but the minute-hand of a watch or cloch makes omlv 11
conjunctions with the hour-hand m*one perod round the diii-
plate. But if, stead of the common wheel-work at the huk
of the dial-plate, the axis of the mmute-hand had « prnon ot
leaves turning a wheel of 74, and this last turmug the how-
hand, in every revolution it makes round the dial-plate the
minute-hand would make 12} comuncuons with i, and w
would be a pretty device for shewmg the mouons of the
Sun and Moon; especially, as the slowest moving haud
might have a litde sun fixed on its point, and the quichest a
little moon.

A Table shewing the timedthat the hour and minute hands
of a watch are in conjunction »

B M. 8 " 7 vpt

I 5 €1 16 21 49,4
I 10 54 82 43 38%
m 16 21 49 5 24
m 21 49 & :3 16y,
v 27 10 21 5%
vI %82, 43 38 10 54
vii 88 10 5¢ 82 43
vinr 48 38 10 54 827
IX 49 5 27 16 21p
X 54 32 43 38 10§¢
xx 0 0,0 0 O I

it .3 =
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*265. If the Earth had w0 -ghwaslicamition, the
Moon's motion round the EesthyCund S itravk in m
open space, would be always the digug?' But as the zn*I
Eaith and Moon move round the Suh, the Moon’s

real path in the heavens is very differeat from her visible path
round, the Earth: the latter being in & progressivg circle, and
the former in a curve of different degrees of concavity, which
would always be the same in the same parts of the heavens,
if' the Moon performed a complete puniber of lunatiens in »
vear without any fractign. .

266. Let a nail in the end of the axle of & chariot Ao ides of
wheel represent the Earth, and a pin in the nave the ge Farys
Mu«m: if the body of the chariot be propped up sa E.“M'::.,‘
as ~o 'eep that wheel from teuching the
an! the wheel be then turned round by hand, the pin will de.
seribe a arrele both round the nail, and Jin the space it shoves
thica b But 1f the props he taken away, the horses put to,
and the chuot driven over a piece of ground which is eircu.
latly comven, the nail in the axle will describe a circular curve,
and the pin m the nave will stull describe a circle round the pro-
gresstve nail m the axle, but not in the space through which it
movis.  In s case, the curve described by the nail will re-
scmble 1n mumature as much of the Earth’s annual path round
the Sun, as 1t describes whilst the Moon gocs as often round
the Farth as the pin does round the nail: and the curve de-
scribed by the nail will have some resemblance of the Moon's
path durng so0 many lunations.

Let us now suppose that the radius of the circular curve de-
scribed by the nail in the axle, is to the radius of the circle,
which the pin in the nave describes round the axle, as 387} to
1; which is the proportion of the radius or semidia. p1ue VII.
meter of the Earth’s orbit to that of the Moon's; or Fig- %
of the circular curve 4128 4 5 6 7 B, &c. tp the little cirele
a, and then, whilst thé progressive nail describes the said curve
from 4 to E, the pin will go once round the nail with regard to
the centre of its path, and in so doingg will desoribe the curve
adcde. The former will be & true representation of the

 In this place, we fay consider the orbits of all the sslléen as circalar, with

Tespect to their primary planets ; because the excentricities of thelr orbitagre e
small to affbct the phenomens bere doseribed.
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Ell‘ﬂl.'l peth for 5 the lagter of the Moon's for
that time. Hery ade the itiequalities of the Moon's
motion, and dnﬂ\e M’l woving round its comuion centre
f’f grg“ity and the Moon's: all which, if they were truly copied
in this expetiment, would not sensibly alter the figure of the
paths described by the nail and pin, eves though they should
rub aginst a plain upright surface all the way, and leave thewr
tracks visible upon it. And if the chariot was driven forward
an such & convex pisog of ground, 50 a3 to tam the whed se-
veral times round, the track of the pin in the nave would sull
be concave toward the centre of the circular curve described by
the pin in the axle; as the Moon's path1s always conune to the
Sun in the centre of the Earth’ annual orbit.

In this diagram, the thichest, curve lme ABCDE, with the
pumeral figures set 10 it, represcnts as much of ‘the Laith’s
annual orbit as it describes m 82 days from west to cast, the
little circles at a, b, ¢, d. ¢, shew the Moon™ orbit n due pro-

to the Earths; and the smallest curve @ bod o f 1e-
presents the line of the Moon's path m the heavens for H2 davs,
accounted from any particular new Moonat @ The machine,
P vii° Fig. 5, 1s for delineating the Moon's path, and will be

Fig-5  dexcribed, with the rest of my astononacal mach-
nery, in the last chapter. The Sun 1s supposed to bt m the cen-
tre of the curve 4 1234567 B, &c. and the small dotted a1

cles upon 1t represent the Moon’s orlnt, of which the
o eons rudius 18 1n the same proportion to the Eu th’s path
m,‘: the in this scheme, that the radius of the Moon's orbit
in the heavens bears to ghe radius of the Earth’s an-
pual path round the Sun: that is, as 240,000 to 81,000,000,
or as 1 to 837}
When the Earth is at 4, the new Moon isat a; and in the
Pol 7 days that the Earth describes the curve 123 4
567, the Moon in accompanying the Earth describes
the curve @ b; and 18 in her first quarter at b when the Earthis
at B. As the Earth describes the curve 28 910111213 14,
the Moon describes the curve b ¢; and is &t c, opposite to, the
Sun, when the Earth is at C. Whilst the Earth describes the
curve C 15 1617 18 19 20 £1 22, the Moon describes the curve
¢ d; and is in Ber third quarter at d when the Earth is at D.
And lmstly, whilst the Earth describes the curve D 28 24 25 26
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2728 29, the Moon deseribes the cbevedd's; and is dgain in
conjunction at ¢ with thé Sun whist ¥t Basth%s at E, between
the 20th and 30th day of the Modl¥ age, sccounted by the
numeral figures from the new Moowat 4. In describing the
curve a b c d ¢, the Moon goes round the progressive Earth as
reallysas 1f <he had kept in the detted’ circle 4, and the Earth
continued immoveable in the centre of that circle.

And thus we seg, that although the Moon goes The Moon's
round the Earth in a cirele, with respect to the Earth's Wﬂ al-,
centre, her real path ih the heavens is not very difs fovm u...a. & the
ferent in appearance from the Earth’s path. To S
shew thm the Moon's path is concave to the Sun, even at the
time of change, it is carried ona little farther into a second luna-
tion, as to,

267 The Moons absolute motion from Her change to her
firt quarter, or f1om a to b, 1s so much slower than the Earth's,
that <he falls 210,000 miles (equal to the semidiameter of her
orbit) bchind the Earth at her first quarterin b, when the Earth
wm B, thitis, she falls back a space equal to her distance
from the Llarth  From that time her motion is gradually ac.
celcrated to her opposition or full at ¢, and then she 1o per mo-
15 come up as far as the Earth, having regained what ton » alter
she lost i her first quarter from a to b From the o md".::
full to the Ixst quarter at d her motion continues ac- lerated.
celcrated, <o as to be just as far before the Earth at d, as she
was behind it at her first quarter in . But, from d to ¢ her
motion 15 <o retarded, that she loses as much with respect to the
Farth as 15 equal to her distance from it, or to the semidiameter
of her orbit; and by that means she comes to ¢, and is then in
conjunction with the Sun as scen from the Earth at E. Hence we
find, that the Moon’s absolute motjon is slower than the Earth’s
from her third quarter to her ¢ gnd swifter than the Earth’s
frém herfirst quarter to her third : her path being less curved
than the Earth’s in the former case, and more in the latter.
Yet it is still benttheunnemyto the Sun; for if we
magine the concavity of the Farth's orbit to be measured by
the length of a perpendicular line C g, let down from the
Farfh’s place upon the straight line b g°d at the full of the
Moon, and connetting the places of the Earth at the end of
the Moon's first and third quarters, that lengt.h\nllbeuboul:
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640,000 miles; ‘lfWhe Moom, whes new, only approaching
nearer to € Ml miles than the Earth is, the
m of the pependicutar let down from her place at that
tme wpon the same straight line, and which shews the conca.
vity of that part of her path, will be about 400,000 mile.
A i@y’ 268, The Moon's path being coneave to thy Sun
rmovel  throughout, demonstrates that her gravity towards
the Sun, at her conjunction, exceeds her gravity toward- the
Earth. + And if we consider that the quantity of matter in the
Sun is plmost 230,000 times as great as the quantity of matter
in the Parth, and that the attraction of each body diminishes
ss the square of the distance from it inereases, we shall soon
find, that the point of equal attraction between the Earth and
the Sun is about 70,000 miles nearer the Earth than the Moon
is at her change. It may then appear surpnsng that the
Moon does not abandon the Earth when she 1 between 1t and
the Sun, because she is considerably more attracted by the sun
than by the Earth at that time. But this difficulty vamshes
when we consider that a common impulse on any <)stem of
bodies affects not their relatise motions; but that they will con.
finue to attrdet, impel, or circulale round onc another, n the
same manter as if there was no such impulse  The Moon 15
so near the Earth, and both of them so far from the Sun, that
the attractive power of the Sun may be considered as equal on
both : and therefore the Moon will continue to circulate round
the Earth in the same mgoner as if the Sun did not attract
them at all; like bodies in the cabin of 2 ship, which may
move round or impel one another in the same manner when the
ship is under sail, as when it is at rest; because they are all
equally affected by the commbn motion of the ship. If by any
other cause, such as the approach of a comet, the Moon's
distance from theEarth happen to be so much increased,
that the difference of their gravitating forces towards the Stin
should exceed that of the Moon towards the Earth; in that
case the Moon, when in ¢gnjunetion,"would gbandontthe Earth,
and be eitherz.dnwnimo the Sun, off comet, or circulate round
about it,

209. The curves which Jupiter's satellites describe are hll of
Pite viL different sorts from the path descttbed by our Moon,

oL although these satellites go round Jupiter, as the
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Moon goes round the Earth. Let 4 B C.D E, &c.be asmuch
of Jupiter's orbit as he describes,isi 18 days from 4 to 7'; and
the curves a, b, ¢, d, will hmthepthsofhufommmgmng
round him in his progressive motian,

Let us suppose all these moons to sef out from & The abslote
conjupction with the Sun, as seen fmmannerat P‘*;"ﬂ‘ﬁ
4 ; then hid first or nesrcst moon will be at @, his telliten delie
second at 4, his third at ¢, and his fourth at d. At neated:
the end of 24 terrestrial hours after this conjunction, Jupiter
has moved to B, his first moon or satellite has described the
curve a 1, his scconf the curve & 1, his third ¢ 1, and his fourth
d 1. The next day,\ when Jupxter is at C, his ﬁrst satellite has
described the curve a 2, from its conjunction, hig second the
curve b 2, his third the curve ¢ 2, and his fourth the curve d2,
and so on * The numeral figures under the capital letters shew
Jupiter's place m his path every day for 18 days, accounted from
At T and the hhke figures set to the paths of his satellites,
shew where they are at the hke times. The first satellite, al-
most under (), is stationary at + as scen from the Sum, and
retrograde from + to 2: at 2 it appears stationary again, and
thence it moves forward until it has passed 3, and is twice sta-
tionary, and once retrograde between 3 and 4. The path of
this satellite intersects itsf every 42} hours, making such loops
as in the diagram at 2. 8. 5. 7. 9. 10. 12. 14. 16. 18. a little
after every conjunction. The secand satellite 4, moving slower,
barely crosses 1td path cvery 8 days 13 houss; as at 4. 7. 11.
14, 18. making only 5 loops and as many conjunctions in the
time that the first makes ten.  The third satellite ¢ moving still
slower, and having described the curve ¢ 1. 2. & 4. 5.6. 7.
comes to an angle at 7 ifi conjunction with the Sun Fig. 8.
at the end of 7 days 4 hours; and so goes on to
describe such another curve 7. 8. 9. 10. 11, 12. 18. 14. and is
at 14 in its next eonjunction. The fourth satellite d is always
progressive, making neither loops nor angles in the heavens;
but comes to its next conjunction at ¢, between the numeral

es 16 and 17, or in 16 days 18 hours. In order to have
tolerable good figure of the paths of these satellites, I took
the Jollowing mcthod.

Having drawn their orbits on a card, in pl'opor- n‘.-“
tion to their relative distances from Jupiter, I mca-
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sured the radius of, the oxbit of the fourth satellite, which was
How w0 deki- #n inch and (' parts of an inch ; I then multiphed
newie the this by 424 for the radigs of Jupiter's orbut, because

upiter’s  Jupiter is 424 times as far from the Sun’s centre as
Moons. - hig foyrth satellite is from his centre, and the pro-
duct thenoe arising was 483, iches. Then tuhig o small
cord of this length, and fising one endof 1t to the floor of g
long room by a nail, with a blach-lcad pencil at the other end.
el I drew the curve 4BCD, &c. and set off a degree
and half thereon, from 4 o 7'; becnuse, Jupiter
moves only so much, whilst his outermos) satellite goes once
round him, and somewhat more; so thay this small portion of
v0 large a circle differs but very httle from a strmght line
This done, I divided the space 47" mto 18 equal parts, as 45,
BC, &c. for the daily progress of Jupiter, and each part wto
24 for his hourly progress. The orbit of cach watelhte was also
divided into as many equal purts an the satellite 18 hours m fi-
nishing its synodical period round Jupitcr.  Than diawmg a
right line through the centre of the card, as a dimeter to all
the four orbits upon it, I put the card upon the linc of Jupita®s
motion, and transferred it to every horary division thercon,
keeping alway» the same diameter hine on the hine of Jupitar’s
path; and rumning a pin through cach horary dinvsion m the
orbit of cach satelhte, as the card was gradually transferrcd
along the line ABCD, &c. of Jupiter’s motion, I marhed points
for every hour thwough the card for the curved described by the
satellites, as the primary planet in the centre of the card was
carricd forward on the line; and so finished the figure, by
drawing the lines of each sgtellite’s motion through those (al-
most ipnumerabl®) points : by which means this is, perhaps, a«
true a figure of the paths of these satellites as can be desired.
AndSs. And in the same manner might those of Saturn’s
turn’s. satellites be delineated.
The 270. It appears by the scheme, that the threc first
period of Ju- satellites come almost into the same line of position
PUErSmont: every seventh day; the first being only a little
hind with the second, and the sccond behind with the thi
But the peripd of the fourth satcllite is so incommensurate tp
the periods of the other three, that it cannot be gucssed at by
the diagram when it would fall again into a line of conjuuction
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with them between Jupiter and the Sun. And no wonder;
for supposing them all to have beent once in conjunction, it will
require 3,087,013,493,260 years to bring them in conjunction
again.  Sec § 78. .

271. In Ig. 4, we have the proportions of the or- oy i
tats of Sagurn's five satellites, and of Jupiter's fourto tions of the
one another to our Mooa's orbit, and to the disc of the m“f "':;
Sun. s the Sup; Mm the Moon’s orbit {the Earth sstellites.
supposed to be at E); J Jupiter; 1. 2. 8, 4. the or- Fig- ¢«
bits of pis four modes or satellites ; Sat. Saturn; and 1. 2. 3. 4.
5. the orbits of his §ve moons. Ilence it appears, that the Sun
would much more ¥han fill the whole orbit of the Moon; for
the Sun's dimmeter is 763,000 miles, and the diameter of the
Moon's orglt only 480,000. Irt ptroportion to all these orbits
of the ~atcllites, the radiuy of Saturn’s annual orbit would be,
211 vards, of Jupiter’s orbit 114, and of the Earth’s 2}, taking
them in round numbers,

272, The anneved table shews at once what proportion the
orbit-, revolations, and velocities, of all the satellites bear to
thosc of thar primary plancts, and what sart of curves the se-
veral satellites deseribe. For those satellites, whose velocities
round their primaries are greater than the velocities of their pri-
marics in open space, mahe loops at their conjunctions, § 2695
appearing retrograde as scen from the Sun whilst they describe
the inferior parts of their orbits, and direct whilst they describe
the superior. T'his is the case with Jupiter’s first and second
satelhtes, and with Saturn’s first, But those satellites, whose
velocities are less than the velocities of their primary planets,
move direet in their whole circumvolutions ; which is the case
of the third and fourth satcllites of Jupiter, 4nd of the second,
third, fourth, and fifth satellites of Saturn, as well as of our ¢a-
tcllite the Moon : but the Moon is the only satellite whose mo-
tion is always concave, to the Sun.
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o PT- Prmnd the timgProportion of th
& g the plavet's <locity :guch -l.el;;t
to the sdius of hﬁuuhmﬂu- to the velosity of 1t
orbit of pach satellite.| tion of cach satellite.| primary planet.
|As 5322 to IAs 5788 to 1|As 5738 to 5322
4155 1 8912 1l 8912.- 415
g . 2954 1 2847 -« 1| W4T 295
4 1005 1| 674 1 674 1295
432 1 184 1 134 43%
. 1JAs 1851 to 1JAs 2445 to 1 \s 2445 to 1851
¥ 165 1 1219 1 1216 1165
2 811 604 7 604 731
% PRV 258 1] 258 424
ThelAs 837} 10 1jAs 12} to 1|As 12 to 837}
oon. o] ;

There is a table of this sort in De la Calle’s Astronomy,
but it is very different from the above, which 1 have com-
puted from our Enghh accounts of the periods and distances
of these planets and satellites.

CHAP. XVL

THE PHLNOMENA OF THE HAKVEST MOON EXPLAINED BY A
COMMON GLOBE~-THE YEFARS IN WHICH .THE HARVIST-
MOONS ARE LEAST AND MOST BFNEFICIAL, FROM 1751 10
1861—THE LONG DULATION OF MOON-LIGHT AT THE POLkb
IN WINTER.

Notarvew 273 It is generally believed that the Moon rises
Moaon atthe gbout 50 minuets later every day than on the pre-
©quatt  ceding; but this is true only with regard to p aces
on the equator. In places of considerable latitude there is a re-
marhable difference, especially in the barvest timg, with whigh
farmers were better acquainted than astronomers till of late ;
and gratefully ascribed the early rising of the full Moon at that
time of the year to the goodness of God, not doubting that he
had ordered it s0 on piirpose to give them an immediate sup-
ply of moon-light after sun-set, for their greater conveniency in
reaping the fruits of the Earth.
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* In this instance of the harvest moon, as in- many others dis-
coverable by astronomy, the wisdom and-beneficence of the
Deity is couspicuous, who reslly ordeved the eourse of the
Mouu %0 a5 toshestow more or Jess light on alk parts of the
Farthyas their seseral circumstances nd seasons render it more
or lesf st jceable.  About the equator, where there is no va-
riety of weadns, and the weather changes seldom, and at stated
times, moon-ligh{ i» not necevsary for gathering in the produce
of the ground ; there the Moon rises about 50 minutes
later every day or fight than on the former., In considerable
distances frém the dguator, where the weather and seasons are
more uncertain, the Xutumnal full Moons rise very soon after
sun-sct for several gvemngs together. At the polar o
virdes, whyre the mjld season 15 of very short dura- able accord-
gion, the autumnal ful Moon rises at sun-set from :,':f:;:‘:r
the first to the third quarter.  And at the poles, places from
where the Sun is for half a year absent, the winter *
full Moons shine constantly without setting from the first to the
third quarter.

Tt is soon said that all these phenomena are owing The reason
to the different angles made by the horizon and dif- of this.
ternt parts of the Moon’s orbit; and that the Moon can be
full but once or twice in a year, in those parts of her orbit
which rise with the least angles. But to explain this subject
intelligibly, we must dwell much longer upon it.

274. The! planc of the equinoctial is perpendicular to the
Farth's axis: and therefore, as the Earth turns round its axis,
all parts of the equinoctial make equal angles with the horizon
both at rising and setting ; so that equal portions of it always
rise or set in equal times. Consequently, if the Moon’s motion
were equable, and in the equinoctial at the rate of 12 degrees
11 minutes from the Sun every day, as it is in her orbit, she
would rise and set 50 minutes later every day than on the pre-
ceding ; for 12 degrees 11 minutes of the equinoctial rise or
set in 50 minutes of time in all latitudes.

275. But the Moon’s motion is gp nea.rly in the ecliptic, that
we may consider her at present as moving in it. Now the dif-
ferent parts of the ecliptic,‘on account of its obliquity to the

1 If a globe be cut quite ﬂmqhuponuyehwh, the fiat surface where it is 20
divided is the plane of that sircle.
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+ Earth’s axis, make very different angles with the horizon as
they rise or set. Those parts or signs which rise with the small-
est angles set with the greatest, and vice versa. In cqual times,
whenever thi#angle is least, a greater portiort of the cchptic
rises than when the angle i< larger ; as may be seen by elevat-
mg the pole of a globe to any considcrable latitude. &nd then
turning it round its axis in the horizon. Consequently, when
the Moon is in those signs which rise or set with the smallest
angles, she riscs or sets with the least differ nee of time ; and
with the greatest difference in those signs u;uch rise or set with
the greatest anglos.
Plate 111. Put, because all who read ¢his treatise may not
Fig. 3 be provided with globes, though i this ease 101 re-
quisite to know how to use them, we <hall substitute the figare
of a globe; in which 787 Pas the avs, = 7' R the topuc oF
Cancer, L ¢4 the tropic of Capricorn, =2 £ {714 the cdipue
touching both the tropies, which are 47 demees from each
other, aud 4 B the horizon The equator. beg i the nuddle
between the tropics, 1s eut by the eciptic m two opposite pomnts,
which are the begmmnings ot o Ats and = Labwa, A 1 the
hour-cnele with its wdex, F the north pole of the globw (le-
vated to a consderable latitude, suppose #0 degrees abovc the
honzon; and P the south pole deprossed as much hddow it
Bucause of the obhgue poation of the sphere in this latitude,
the echptic has the high devation N o3 above the horzon,
. mahing the angle N U o5 of 73} degrecs with i,
o different \ 3 .
angles made When zz Cancer 15 on the meridian, at which time
"’:‘:“"P‘“ == Labra rises in the cast. But let the globe be
and horizon. L . .
turned half round its axis, till 1§ Capricorn comes
to the meridian, and ¢ Aries nises in the east, and then the
ecliptic will have the low clevation N' L above the honzon,
making only an angle N' U/ L of 2} degrees with it ; which 1s
47 degrees less than the former angle, equal tp the distance be-
tween the tropics.
Least and 276. In northern latitudes, the smallest angle made
gruatest by the ecliptic gnd horizon is when Aries rises, at
when. which time Libra scts: the greatest when Libra
rises, ot which time Aries sets. From the rising of Aries to
the ning of Libra (which is twelve® sydereal hours), the angle

2 The ccliptic, together with the fixed atars, make 366} apparent darnal revols-
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increases ; and from the rising of Libra to the rising of Aries
it decreases in the same proportion. By+this article and the
preceding, 1t appears that the ecliptic rises fastest about Aries,
and slowcsl about Libra,

On the parallel of London, as mueh of the o 0 ot ehe
c.-chpur thes about Pisces and Aries in two hours as guantity of
the Moon gogs through dn six days : and, therefore, { siglest
whilst the Moowis in these signs, she differs but two
hours 1n rising foryix days together ; that is about 20 mnutes
later every day or tkglit than on the preceding, at a mean rate.
But in ﬁnurucll ddys afterwards,

the Moon comes w0 Kirgo and.Li- o » O l};:';“r‘““"
bra, which are the opposite signs | 2 2 ,é
to Pisees agd Aries § and then she
. . 1|lcs 13]1 5 o 50
ficrs ahnost four times as much 2 26110106
m usmg, namcdy, 1 hour and a- 310 wlir14]esy
9, -
bout 15 nanutes later every d.\) or ; ny 2": } :g 3 g:
maht than the fornuar, whilst she 6 1911150 2¢
e 7]l= 2[{115{020
s T these <gns The anneved h 1511150018
— o . . 9 28 [ 11a{017
Fable hews the daily mean dif 0 |m 1211502
faance of the Moon’s rsing and 11 25| 114|030
12/ 8[113]039
scitng on the parallel of London, |3 e1{110]017
for €8 days, in which time the };! (3} l; "' l;’ ;’59
» . » ol
Moon fimshes her period round the [ 16 e 1[040 |1 8
. Ny ae (W} . 17 140 35 |1 12
l.'.(llpltt, and gets (¥ into tlfe same 18 27l030[11s
sign from the beginning of which 19 1010325118
, . - 20 23020117
she set out. So it appears by. the 21 7iomi1 16
Table, that when the Moon is in 22 2010171115
. 23|y sloz2f115
Ny and == she rises an hour and a | 24 16]02¢|115
26 2010301 14
quarter later every day t'han she | 3¢ g 130|113
rose on the forner ; and differson- | 27 6|os8|1 7
28| 911001 88

ly 28, 24, 20, 18 or 17, mhinutes
in setting. But when she comes to ¢ and 7, she is only 20
or 17 minutes later in setting.

278. All these tlings will be made plain by puttmg small

tions about the Earth in a year; the Sun only 3654. Mﬂnm gsin 3
mmutes 86 seconds upon the Sun every day ; so that & sydereal day omtains only
23 hours 56 minutes of mean solar time; and s natural or solar day 24 bours
Hence 12 sydereal hours are 1 minute 58 seconds shorter than 12 solar.
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patches on the ecliptie of a globe, as far from one auother as
the Moon moves frost any point of the celestial ecliptic in 24
hours, Which, at & mean rate, is® 19} degrees; and then, in
turning the globe found, observe the nising and scttipg of the
patches in the forison, as the index poings out the digitrent
times in the hour circle. A few of these patches are sopresent-
ed by dots at 0 1 2 3, &e. om the ecliptic, which lias the posi-
Plate 111, tion L U F when Aries rises in the gust; and by the

Fig2 dots 0128, &e. when Libra rics in the cast, at
which time the ccliptic has the position K {7 14 : mshwg an
angle of 62 degrees with the horizon in th latter ‘ave, and an
angle of no more than 15 degrees with ip in the former ; sup-
posing the globe rectified to the latitude of London

279. Having rectificd the globe, turn it until the patch at
0, about the beginning of ) Picesin the half L "I of the
ecliptic, comes to the eastern side of the horizon: and then,
keeping the ball steady, set the hour-index to \11, because that
hour may perhaps be more easily remembered than any other
Then turn the globe round westward, and in that time, sup-
pose the patch O to have moved thence to 1, 113} degrees, whilst
the Earth turns once round its axis, and you will see that 1 nses
only about 20 minutes later than 0 did on the day before. Ture
the globe round again, and in that time suppose the same patch
to have moved from 1 to 2; and it will rise only 20 minutes
Iater by the hour-index, tkan it did at 1 on the day or turn before
At the end of the next turn, suppose the patch to have gone
from 2 to 8 at U, and it will rise 20 minutes later than it did
at 2. And s0 on for six turns, in which time there will scarce
be two hours difference; nor would there have been so much,
if the 6 degrees of the Sun’s motion in that time had been
allowed for. At the first turn the patch rises south of the
east, at the middle turn due eass, and-at the last turn north of
the east. But these patches will be 9 hours of setting on the
western side of the horizon, which shews, that the Moon will be
s much later of setting in that week in which she moves
through these two signs. The cause of this difference is evi-

L
3 The Sun sdvances slmost & degvee in the ogliptic in 24 hour, the same way
that the Moon meves § and, therefore, the Moon, by advancing 18} deguets in that
time, goes Jittle move than 12 degraes farther frem the Sun than she was on the day
befiee.
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dent ; for Plsces and Aries meke only an angle of 15 degrees
with the horizon when they rise; but they make an amgle of
.62 degrees with it when they set. As the sigus Taurus,
‘Gemini, Cancer, Leo, Virgo, and Libea, rise successively, the
anglesincreases gradually which they make with the horizon,
and des1tnses in the same proportion as they set. And for that
reason, the }loon differs grndudly more in the time of her
nsing every &whﬂu she is in thesc sighs, and less in her set-
ting: after which) through the other six signs, viz. Sctrpio,
Sagittarius, Capricn, Aquarius, Pisce8, and Aries, the rising
difference Egpomes | s every day, until it be at the least of all,
namely, m Pisces and, Aries

280 The Moon goes round the ecliptic in 27 days 8 hours ;
but not froy change to change in less than 29 days 12 heurs :
s0 that she 15 in Pisces and Aries at Jeast once in every luna.
tion, and m some lunations twice.

281 If the Earth had no annual motion, the Sun Why the
would ncver appear to shift his place in the echptic. x‘;‘;“"‘;l '."n
And then every new Moon would fall in the same sign different ugns
and degree of the ecliptic, and every full Moon in the opposite :
for the Moon would go precisely round the echptic from change
to change. So that if the Moon was once full in Pisces or Ares,
she would always be full when she came round to the same sign
and degree again. And as the full Moon rises at sun-set (he-
cause when any point of the echptic sets, the opposite point
rises), she would constantly rise within two hours of sun-set,
on the parnllel of London, during the week in which she was
full. But in the time that the Moon goes round the ecliptic
from any conjunction or opposition, the Earth goes almost a
sign forward : and, therefore, the Sun will scem to go as far
forward in that time, namely, 27} degrees; eo that the Moon
must go 27} degrees more than round, and as much farther s
the San advances in that interval, which is 2/ degrees, before
she can be in conjunction with, or opposite to the Sun again.
Hence it is evident, that there can be but one conjunction or
opposition of the S8un and Moon in & year, in any particular
part of the ecliptic. Thig may be familiarly exem- g usmdh
plified by the hour and minute hands of a watch, Glsud wro-
which age never in comjunction er opposition in that mmﬁ-
part of the dial-plate where they were so last before, Sod-

And, indeed, if we compare the 12 hours on the dial-plate to
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the 12.signs of the eeliptic, the hour-hand to the Sun, and the
minute-hand to the Moon, we shall have a tolcrably near re-
semblance in miniature to the motions of our great celestial
luminaries. * The only difference is, that whilst the Sun gdes
once round the ecliptic, the Moon makes 12} conjuncts with
him: but whilst the hour-hand goes.round the. L€ .Me, the
minuteJsand makes only 11 conjunctiens with it ; )’G-Pmuw the
minute-hand moves sl¥wer in respect to the hgyt-hand than the
Moot does with regard to the Sun.
The harvest 282 As the Mooncan never Pe full but when she
and buater's is opposite to the Sun, and the $un is ngver in Virgo
Moon. and Libra but in our autumr m«mth‘, it is plam
that the Moon is never full in the opposite siygns, Pisces and
Aries, but in these two months.  And, therefore, we can have
only two full Moons in the year, which rise »o near the time of
sun-set for a week together, as above mentioned.  "The tormer
of these is called the karvest Moon, and the latter the hunter's
AMoon.
Why the 283. Here it will probably be ashed, why we never
Moo’ stegu- Observe this remarhable rnsing of the Moon but
I:W:';‘:‘ﬂ:’ harvest, secing she is in Pisces and Aries 12 tunes
ed butn bar- in the year bosldos and must then rise with as httle
e difference of time as in harvest # The answer is plam ;
for in winter these* signs rise at noon ; and beng then only a
quarter of a circle distant from the Sum, the Moon in them is
in her first quarter: but when the Sun is above the hornzon,
the Moon’s ribing is neither regarded nor percg.it ed. Inspring
these signs rise with the Sun, because he is then in them ; and
as the Moon changes in them at that time of the year, she is
quite invisible. In summer they rise about midnight, gnd the
Sun being them three signs, or a quarter of a circle before them,
the Moon is in them about her third quarter; when rising o
late, and giving but very little dight, her rising passes unob-
served, And, in autumn, these signs being oppositc to the Sun,
rise when he sets, with the Moon in opposition, or at the full,
which makes her rising very conspicuous.

284. At the equator, the north and south poles lic in the
horizon; and, therefore, the ccliptic makes the same angle
southward with the horizon when Aries #rises, as it doss north-
ward when Libra rites. Consequently, as the Moon at all the
forp-mentioned patches rises and sets necarly a3 cqual angles with
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the horizon all the year round, and about 50 minutes later
every day or night than on the preceding, there can be no par-
tu-ular harvest Moon at the equator.

. 285. The farther that any place is from the equator, if it be
not bevond the polar circle, the angle gradually diminishes,
which e echptie and horizon make when Pisces and Aries
rise : and, togrefore, when the Moon is in these signs she rises
with a nearly phonortionable difference later every day than on
the former, and 1\for that reason the more r(-mnrkable about
the full, until we come to the polar circles, or 66 degrees from
the equator 3 in whih latitude the ecliptic and horizon becomne
comeident ¢fery day for & moment, at the same sydereal hour
(or 3 minufes 36 ~econds sooner every day than the former),
and the vow nest moment one-half of the ecliptie, containing
Capricorn, Aquarius, Pisees, Anes, Taurus, and Gemini,
rives, and the opposite half <ets. Therefore, whilst the Moon
1> going fiom the begiming of Capricorn to the beginning of
Cancer, which is almost 11 days, she rises at the same sydereal
hour ; wxl in autumn just at sun-set, because all the half of
the ecliptic, in which the Sun is at that time, sets at the same
wdereal hour, and the opposlte half rises; that i, 3 minutes
56 sceonds, of mean solar time, sooner every day than on the
day before.  So, whilst the Moon is going from Capricor to
Cancer, she rises earlier every day than on the preceding ; con-
trary to what she does at all places between the polar circles.
But during the above 14 days, the Moon is 24 sydereal hours
later i setting s for the six signs, which rise all at once on the
eastern sule of the horizon, are 24 hours in sctting on the west-
ern side of it: as any one may see by making chalk marks at
the beganning of Capricorn and ofé Cancer, and then, having
elevated the pole 66} degrees, turn the globe slowly round its
anis, and observe the rising and setting of the ecliptic.  As the
heginning of Aries is equally distant from the beginning of
Cancer and of Capricorn, it is in the middic of that half of the
ecliptic which rises all at once.  And when the Sun is at the
beginning of Libra, he is in the middle of the other half. "There-
fore, when the Sun is in Libra, and the Moon in Capricorn,
the Moon is a quarter of a cirele before the Sun: opposite to
him, and consequently full in Arics, and a quarter of a circle
behind him, when in Cancer. But when Libra tises, Aries sets,
and all that kalf of the ecliptic of' which Aries is the middle;

VOL. 1, N
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and, therefure, at that ume of the year, the Moon rises at sim.
<et from her first to her third quarter.
The hanest  286. In northern latitudes, the autumnal full moons
,':m‘m" are m Pisces and Anes, and the vernal full moon,
sidesof the 10 Virgo and Labra. m southern latitudes jy<t the
equator. reverse, because the seasons arc contrary )&6 Vugo
and Libra nse at a~ small angles with ghe honizoy 1 <outhern
latitudes, as Pisces and Anes do 1 the northgehi, and, thete-
fore, the harvest moons ate just as regulaigbn one side of the
equdtor as on the other N

287. As these signs which 1se with the wast angles, set with
the greatest, the vernal full moons differ {rs much rl thar tunes
of 11smg every mght, as the autunmal full moons d fict i thar
tunes of setting, and sct with as hittle diffcronce as the autumnal
full moons 11s¢  the onc bang in all cases the reverce ot the
other

288 Hitherto, for the sike of plunness, we have supposed
the Moon to move i the «chipti, hom which the Sun never
deviates.  But the omlnt i which the Moon reallv moves s
different fiom the echiptic, onc-hall hang elovated 33 degrees
above 1t, and the other half as much depressed bdow it The
Moon's orbit, therefore, mtersects the «diptic n two pomnts dia-
metrically opposite to each other, and these intersccnons ar
The Moon’s Called the Moon’s nodcs  So the Moon can ncvar
nodes be i the echiptic but when she s 1 ather of ha
nodes, which 15 at least twice m every coutse from change to
change, and sometimes thice  For, as the Moon goes almost
4 wholc aign more than round hcr ot fromn change to change,
1t she passes by eitha node about the time of change, <he will
pass by the other m about §4 days aftr, and come round to
the tormer node 2 days agam before the neat change That
node from which the Moon begins to ascend northwaird, or
above the echiptic, m naorthern lattudes, 15 called the Ascending
node, and the other the Descending node, because the Moon,
when she passes by 1t descends below the echiptic southward

289. "The Moon's oblique motion with regard to the ecliptic,
causes some difference m the times of her rong and setung,
from what 15 already mentioned  For when she 15 noithward
of the echptic, she riscs sooner and sets later than if she moved
m the eciptic  and when she 1 southward of the ¢chptic, <he
nwes later and «cts souner  "This difference 1s varialile, even n
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the-same signs, because the nodes shift backward about 19§ de-
grees in the cchphc every year; and so go round it contrary to
the order of signs in 18 years 225 days.

“€90. When the ascending node is in Aries, the southern half
of the"Moon’s orbit mahes an angle of 53 degrees less with the
horizon weu the echptie does, when Aries rises in northern la-
titudes* for wiich reasony the Moon rises with less difference
of time whilst sheiis in Pisces and Aries, than she would do if
she hept m the echipiie. But in 9 years and 112 days after-
wards, the descending node comes to Aries; and then the Moon’s
orbit makes ap angle 5} degrees greater with the horizon when
Ares rises. tan the (cliptic does at that time, which causes
the Moon tofrise with greater difference of time in Pisces and
Aries, than #"she moved in the cchiptic.

291. To be a little more particular ; when the ascending node
15 1n Anes, the angle 1s only 93 degrees on the parallel of Lon-
don when Aries rises. But when the descending node comes
to Aries, the angle v 204 degrees: this occasions as great a
difference 1 the Moon's rising in the same signs every 9 years,
as there would be on two parallels 104 degrees from one an-
other, if the Moon’s course were i the ecliptic. The following
table <hews how much the obhquity of the Moon™s orbit affects
her risng and setting on the parallel of London, from the 12th
to the 18th day of her age, supposing her to be full at the
autumual cquinos : and then, either in the awcending node,
Inghest part of her orbit, descending node, or lowest part of her
orbit. M significs morning, . afternoon; and the line at the
foot of the table shews a week™s difference in rising and setting.

Tull 1n her as- In the hngheﬂw Full m her du- In the lowest
cending node. l)mof‘ herorbit.Jscending node. partof her orbat.

Risesat Sets at lhseslt
H. M.JH. N{ll M.
.4 13 30120] 4.4 30| 30715 44 32 sM.m' 5416 SMO
32 4 25 4 50l 4 45/ 5 15 4 20, 6 4 15
48 5 30/ 5 15 6 45| 6 40l 6 2005
7 o5 427 2 156566456
2008 15 8 35/ 6 46/ 8 87 45
369 126 269 45 |3,915|7' 91
5110 30 010 40 010 wul 5210

307 253 26,6 402 367 0]

Sets atiRusesat Sets atRiscsat'Sets a
M. M.[H. M :u. " H. u.lu. ”n.

Moon" Age.

12
13
14
15
16
17
18

SIS TS

AWM -
L KK NN

...
21
~

it | 13 .00 7
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This table was not computed, but only estimated as near av
could be done from a common globe, on which the Moon's or-
it was delineated with a blach-lead penal Tt may at first
sght appear erroncous, since, as we have supposed the Mcon
to be full in cither node at the autumnal equinox, <he ought
by the table to nee just at 6 o’dock, or at «un set, wfthe 15th
day of her age: bemg in the echiptic st that tim But 1t must
be conadered, that the Moon 16 only 117 dwd's old when <he
is full | and, thercfore, 1n both cases she v g httle past the node
on the 15th day, bemg above 1t at one time, and bilow t at
the other. f

202. As there 1s a complete revolution of the nodes 183
years; there must be a regular penod of all the vimties which
can happen m the tving and «etung of the Moor dunng that
The perod 1. But this shittigg ot the nodes nover affects
of the harvest the Moon's rising so much, evers m her quichest de
Aoos. wending lattude, as not to allow us sull the benehit
of her nisng neater the time of sun «t, for a few diys together
about the full m harvest, than when < s tull at any otha
time of the year  The followmng table shows mwhat yvears
the harvest-moons are least henctiaal as to the times of thar
rsing, and 1n what years most. from 1751 to 1861 The «o-
lumn of years under the letter L, are those in which the harvest
moons are least of all beneficial, because they fall about the de-
scending node - and those under Mare the most of all hen fi-
cial, becanse they fall about the ascendg node  In all the
columns from A" to §, the harvest-noons deseend gradually m
the lunar orbit, and rise to less beights above the honzon
From & to NV they ascend m the same proportion, and rse to
greater heights above the honzon  In both the columns undes
5, the harvest-moons are m the lowest part of the Moon™ orbit,
that is, farthest south of the ecliphie; and, therefore, stay
shortest of all above the horizon @ in the columns undor V- just
the reverse.  .And 1n both cases, thewr rismg, though not at the,
«@me times, are neatly the same with regard to diffierence of
tume, asaf the Moon's oibit were comerdent with the echphie,
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Yewrs n winch the Harvest Moons are least beneficial.
N .° S

W51 1752 1758 1754 1755 1756 1757 1758 1759
177177 1772 1778 1774 1775 1776 1777 1778
1788 1789 1790 1791 1792 1793 1794 1795 1796 1797
1507 1908 1809 18101811 1812 1818 1814 1813
1826 1897 1° 28 1829 1830 1831 1832 1633 1834
1844 1845 1840 1817 1848 1549 1850 1851 1852

Years e nlach they are most hendpaaal.

~ M ¢ N
1760 1761 1762 1763 1764 1765 1766 1767 1768 1769
1779 17801781 15982 1783 1381 1785 1786 1787
1798 1779 1500 1801 1802 1803 1804 1805 1506
16816 1817 1818 1819 1820 1521 1822 1823 1824+ 1825
1835 1836 1947 1838 1859 1810 1841 1842 1843

I8R5 1834 18353 1836 IR37T 1838 1859 1860 1861

29.3 At the polar areles, when the Sun touches the summer
tropic, he contimies 24 hours above the horizon ; and 24 hours
below 1t when he touches the winter tropie. For the same rea-
<o, the tall Moon neither rises i summer, nor <ets in winter,
considermg her as moving m the echptic. For the winter full
moon bang as lngh m the «ehptic as the summer sun, must
thetetore continue as long above the horizon ; and the summer
tull moon bang as low m the echptic as the winter sun, can no
more rise than he does  But these are only the two full moons
which happon about the tiopies, for all the others rise and set.
fn summer the full moons are low, and their stay is short above
the horizon, when the mghts are short, and we have least occa-
ston for moon-hght . i winter they go high, and stay long above
the horizon, when the mights are long, and we want the greatest
quantity of moon-light.

29+ At the poles one half of the ecliptic never long
sets, and the other balf never nses: and, therefore, conunuance
as the Sun s always half a year in deseribing one ::tﬁ"ﬂ'gh‘
half' of the echptic, and a< long in going through
the other half] 1t 18 natural to mmagine that the Sun continues
half a year together above the horizon of cach pole in its turn,
and as long helow it; rising to one pole when he sets to the
other.  This would be exactly the case if therc were no refrac-
tion : but by the atmosphere’s refracting the Sun’s rays, \he be.

I\ -
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comes visible some days sooncr, § 183, and continues some days
longer in sight than he would otherwise do: so that he appears
ahove the horizon of cither pole before he has got helow the
harizon of the other. And, as he never goes more than 5}
degrees below the horizon of the poles, they have verg little
dark night, it being twilight there, as well as at .-|ll other plwccx
till the Sun be 18 below the horizony § 177, Fhe full moon
being always opposite to the Sun, can never Wt seen while the
Sun is above the horizon, «xeept when th€ Moon falls in the
northern half of her orbut 5 for, whenever any point of the eclip-
tic rises, the opposite point sets.  Therefore. as tl‘ Sun is above
the horizon of the north pole from the, 20th of” Y arch nll the
23d of September, it is plam that the Moon, “lu'“\ tull, bemg
opposite to the Sun, must be below the horizon duting that half’
of the year. But when the Sun is in the southern half of the
ecliptic, he never rises to the north bole, during which half of
the year, every full moon happens in some part of the northern
half of the ccliptic, which never sets. Consequently, as the
polar inhabitants never see the full Moon i summer, they have
her always in the winter, before, at, and after the full himng,
for 14 of our days and nights And when the Sun s at his
greatest depression below the horizon, bemng then in Capricorn,
the Moon is at her first quarter in Anes, full m Cancer, and at
hcr third quarter in Lilra.  And as the beguming of Aries is
the rising point of the ecliptic, Cancer the highest, and Libra
the sctting point, the Moon rises at her first quarter in Aries,
i« most elevated above the horizon, and full in Cancer, and sets
at the beginning of Libra in her third quarter, having conti-
nued visible for 14 diurnal rotations of the Farth.  Thus the
poles are supplied one half of the wintcr-time with constant
moon-light in the Sun’s ahsence; and only lose sight of the
Moon from her third to her first quarter, while she gives but very
li‘tle light ; and could be but of httle, and sometimes of no ser-
Plate V7II. vice to them. A bare view of the figure will make this
Fiz . plain; in which let §” be the Sun, ¢ the Earth in sum-
mer, when its north pole 2 inclines toward the Sun, and E the
Earthinwinter,when its north pole declines from him. &£ N and
N W&is the horizon of the north pole, which is coincident with
the cquator ; and in both these positions of the Earth, ¢ o5
13 is the Moon’s orbit, in which she goes round the Earth, ac-
cording to the order of thelstiersa bcd, 4 B.CD. When



CH, XVI. AT THY POLFS, 184

the Moon is at «, she is in her third quarter to the Earth at ¢,
and just rising to the north pole 5 ; at b she changes, and is at
the greatest height above the horizon, as the Sun likewise is ;
a ¢ she is in her first quarter, setting below the horizon; and
is lowest of all under it at d, when opposite to the Sun, and her
enhghtened side toward the Farth.  But then she is full in
view to the south polee p ; which is as much tarned from the
Sun as the north pole mclines towards him,  Thus, in our sum-
mer, the Moon s above the horizon of the north pole, whilst
she deseribes the northern half of the celiptic < ==, or from
her third duarter to her first : and helow the horizon during
her progr.sf through the southern half -= 1% 7 : highest at the
change, mft depressed at the full. But i winter, when the
Farth is & E, and 1ts north pole declines from the Sun, the
new moon at J) 1s at her greatest depression below the horizon
V.S, and the full moon at B at her greatest heyght above it ;
nising at her first quarter 4, and heeping above the horizon till
she comes to her third quarter €. At a mean state she is 23
degrees above the horizon at B and b, and as much helow % at
D and d, cqual to the melmation of the EKarth's axis F. 8" o
or & 1% are, asat were, a ray of light proceeding from the Sun
to the Farth: and <hews that when the Earth is at e, the Sun
is above the horizon, vertical to the tropic of Cancer ; and when
the Farth 1s at E, he 1s below the horizon, vertical to the tropic

of ("apricorn,

CHAP. XVIIL
OI THE CBBING A\\D ILOWING OF THI' SFA.

295. Tux cause of the tides was discovered by Kep- The causé of
ler, who, in his Introduction to the Physics of the the udes di:-
Heavens, thus explains it : < The orb of the attract. el by

. oy e . epler.

ing power, which is in the Moon, is extended as far

as the Earth: and draws the waters under the torrid zone,
acting upon places where it is vertical, insensibly on confined
seas and bays, but sensibly on the ocean, whose beds are large,
and the waters have the liberty of reciprocation, that is, of ris-
ing and falling” And, in the 70th page of his Lunar Astro-
nomy—< But the cause of the tides of the sea, appears to be
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the bodies of the Sun and Moon drawing the waters of the sex.”
Their theory Thia} hint bein'g given, the immortal Sir Isasc New-
improved by ton improved it, and wrote so amply on the subject,
%&: :m":" as to make the theary of the tides in a manner quit.
his own, by discorering the cause of their riumg on
the side of the Earth oppotite to the Moon For Kepler be-
lieved, that the presence of the Moon accasioned an inpulse
which caused another in her ahsence.
Explained 206. Tt has. bee.n .:ll-l‘('-ld_\' shewn, § 106, that t!u‘
the Nes. power of gravity diminishes as the ~quare of the dis-
:‘;:l":: Pat-  tance increases ; and, therefore, the wapers at Z on
the «ide of the Earth 4 BC DE, FG I negt the Moon
Plate IX. M are more attracted than the central parts of the

Fig. 1. Farth O by the Moon, and the central parts are
more attracted by her thau the waters on the opposite side of
the Earth at a; and, therefore, the distance betw een the Earth’s
centre and the waters on its surface under and opposite to the
Moon will be increased.  For, let there be three bodies at £7,
0,%nd D; if they are all equally atuacted by the body 37,
they will all move equally fast toward it. their mutual distances
from cach other continumng the <ame. If the attraction of M
is unequal, then that body which is most strongly attracted will
move fastest, and this will increase 1ts distance from the other
body. Therefore, by the law of gravitation, A will attract ZF
more strongly than it does O, by which the distance between
H and O will be increased : and a <pectator on O will perceive
H rising higher toward Z. In hke manuer, O bemng more
strongly attracted than D, it will move farther towards M than
D does : consequently, the distance between O and D will be
increased ; and a spectator on O, not percerving his own motion,
will see D receding farther from him towards »., all dfteets and
appearances being the same, whether D recedes from O, or O
from D.

297. Suppose now there is a number of bodics, as 4, B, C,
D, E, F, G, H, placed round 0, so as to form a flexible or
fluid ring : then, as the whole is attracted towards M, the parts
at H and D will have their distance from O increased ; whilst
the parts at B and F), being ncarly at the same distance from
M as Ois, these parts will not recede from one another ; but
rather, by the oblique attraction of M, they will approach nearer
to O. l-)ance, the fluid ring will form itself intp an ellipse
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ZIBLnKF N Z, whose longer axis n O Z produced will
pass through M, and its shorter axis B O F will terminate in
B and F. Let the ring be filled with fluid particles, s0 as to
Krm a sphere round O ; then, as the whole moves toward M,
theYlnd sphere being Jengthened at Z and #, will assume an
oblong or oval form. If M is the Moon, O the Earth’s centre,
4B CDEFG H the sea covering the Earth's surface, it is
evident, by the above reasoning, that whilst the Earth, by its
granity, falls toward the Moon, the water directly below her at
8 will swell and rise gradually towards her: also the water at
D will recede from the centre (strictly speaking, the centre re-
cedes from f)), and rise on the opposite side of the Earth:
whilst the fater at B'and F is depressed, and falls below the
former levtl. Hence, as the Farth turns round its ais from
the Moon to the Moon again in 247 hours, there will be two
tides of flood, and two of ¢bb in that time, as we find by ex.
perience,

298. As thns eaplanation of the ebbing and flowing of the
sea 15 deduced from the Earth constantly falling toward the
Moon by the power of gravity, ~some may fiud a difficulty
concerving how this 1s possible, when the Moon 15 full, or in
opposiion to the Sun: since the Earth revolves about the
Sun, and must contmually fall towards 1t, and therefore can-
not full contrary ways at the same tune: or, if the Earth is
constantly falling towards the Moon, they must come together
at last.  To remove this difficulty, let it be considered, that
it 15 not the centre of the Earth that describes the annual orbit
round the Sun, but the! common centre of gravity of the Earth
and Moon together: and that whilst the Earth is moving round
the Sun, 1t also deseribes a circle round that centre of gravity ;
gomg as many times round 1t in one revolution about the Sun
as there are lunations or courses of the Moon round the Earth
in a year: and, therefore. the Earth is constantly falling to-
wards the Moon, from a tangent to the circle 1t describes round

1 This centre 15 as much nearer the Llarth's centre than the Moon's, as the Carth
1s heavier, or contams a greater quantity of matter than the Moon, namely, ahout 40
times.  If both bodies were suspended on at, they would hang wn «qualibrio.  So
that dinding 240,000 miles, the Moon®s distance from the Farth’s centre, by 40,
the excess of the Earth's weight above the Moon's, the quotient will be 6000 wiles,
which 18 the distance of the common centre of gravity of the Earth and Moon from
the Earth's centrc.
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Plate IX. the said common centre of gravity. Let M be the

Fig.2-  Moon, T" W part of the Moon's orbit, and C the
centre of gravity of the Earth and Moon: whilst the Moon
goes round her orhit, the centre of the Earth describes the
circle d g e round C, to which circle g a & is a tangent : and,
therefore, when the Moon has gone from A to a little past W,
the Earth has moved from g to ¢, and+in that time has fallen
towards the Moon, from the tangent at a to ¢, and so on, round
the whole circle.

299. The Sun’s influence in raising the tides is but small in
comparison of the Moon's: for, though the Eartl's diameter
bears a considerable proportion to its distance from!the Moon,
it is next to nothing when compared to its distanck from the
Sun. And, therefore, the difference of the Sun’s attraction
on the sides of the Earth under and opposite to him, is much
less than the difference of the Moon's attraction on the sides of
the Earth under and oppusite to her: and, therefore, the Moon
must raise the tides much higher than they can be raised by
the Sun.

Why the 300. On this theory, so far as we have explan-
tides are not ed it, the tides ought to be highest directly under
me‘hg;m':ﬁ': and opposite to the Moon ; that is, when the Moon
on the meri- is due north and south. But we find, that in open
seas, where the water flows freely, the Moon M is
generally past the morth and south meridian, as at p, when it
is high-water at Z and at n. The reason is obvious ;
for, though the Moon’s attraction was to cease alto-
gether when she was past the meridian, yet the motion of
ascent communicated to the water before that time, would make
it continue to rise for some time after ; much more must it do
so when the attraction is only diminished : as a little impulse
given to a moving ball will cause it still to move farther than
otherwise it could have done; and as experience shews, that
the day is hotter about three in the afternoon, than when the
Sun is on the meridian, because of the increase made to the
heat already imparted.
Nor always 301. The tides answer not always to the same dis-
:i';::‘&z tance of the Moon from the meridian at the same
same distance places ; but are variously affected by the action of
fomit.  the Sun, which brings them on sooner when the
Moon is in her first and third quarters, and keeps them back

Fig. 1.
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Inter when she is in her second and fourth: because, in
the one case, the tide raised by the Sun alone would be
earlier than the tide raised by the Moon, and in the other case
later.
_302. The Moon goes round the Earth in an ellip. §yring and
tic orbut, and, thercfore, in every lunar month, she neap tides.
approaches nearer to the Farth than her mean distance, and re-
cedes farther from it. \When she is nearest, fie attracts strong-
est, and <o raves the tides most ; the contrary happens when
she 15 farthest, because of her weaker attraction. When both
luminarics %are in the cquator, and the Moon in Perigeo, or at
her least dystance from the Earth, she raises the tides highest
of all, cs{cclally at her conjunction and opposition, both be-
cause thelequatorial parts have the greatest centrifugal force,
from therr describing the largest arcle, and from the concur-
ning actions of the Sun and Moon. At the change, the at-
tracuive forces of the Sun and Moon being united, they dim-
msh the gravity of the waters under the Moon, and ther gra-
ity on the opposite side 15 dunmished by means of a greater
centnifugal force. At the full, winlst the Moon raises the tide
under and opposite to her, the Sun acting in the same line,
rases the tide under and opposite to him; whence their con-
jont effect 1s the same as at the change, and in both cases occa-
ston what we call the spring tides : but at the quar- piae 1X.
ter the Sun’s action on the waters at O and H di- Fi-6.
minishes the effect of the Moon®s action on the waters at Z and
N ; so that they rise a lttle under and opposite to the Sun at
0 and H, and fall as much under and opposite to the Moon at
Z and N, making what we call the neap tides, beoause the Sun
and Moon then act cross-wise to cach other. But, strictly speak-
ing, these tides happen not till some time after; because, in
this, as in other cases, § 300, the actions do not produce the
greatest effect when they are at the strongest, but some time
afterward.

303. The Sun being nearer the Earth in winter
thau in summer, § 205, is of course nearer to it in g .h,g‘::
February and October, than in March and Septem- nexes, and
ber: and, therefore, the greatest tides happen not " -
till some time after the autumnal equinox, and return a little
before the vernal,
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The tides The seca being thys put in motion, would conti:
wouldnot  nye to ebb and flow for several times, even though
immediately . .
cesse upon the Sun and Moon were annihilated, or their influ-
l':':i o::‘m:::; ence should cease: as if a basin of water were agi¢
Sun and  tated, the water would continue to move for some
Moon. time after the basin was left to stand still O like
a penduluin, which, having been put ir motion by the hand,
continues to maharseveral vibrations without any new mpnlse.
The lunar 804. When the Moon is in the equator, the tides
d’l‘.lfe‘ ::;‘:"- are equally high in both parts of the lunar day, or
rise toune.  time of the Moon's revolving from the ieridian to
qual heght  the meridian again, which is 25 hours 59 minutes
n the sane

day, and  But as the Moon dechnes from the equatar towards
why. either pole, the tides are alternately ngher and lowes
at places having north or south latitude.  For one of the high-
est elesations, which 1s that under the Moon, follows her to-
wards the pole to which <he is nearest, and the other declines
towards the opposite pole; ench elevation deseribing parallels
as far distant from the egpator, on opposite sides, as the Moon
declines from 1t to aither side; and, consequently, the parallels
described by these elevations of the water are twice as mamy
degrees from one another, as the Moon 15 from the eguator,
increasing their distance as the Moon increases her dechzation,
till it be at the greatest, when the said parallels are, at a mean
state, 47 degrees from one another: and, on that day, the tides
are most unequal in their heights.  As the Moon returns to-
ward the cquator, the parallels described by the opposite cle-
vations approach towards cach other, until the Moon comes to
the equator, und then they coincide. As the Moon declines
toward the opposite pole, at cqual distances, each clevation de-
scribes the same parallel in the other part of the lunar day,
which its opposite elevation deseribed before.  Whilst the Moon
has north declination, the greatest tides in the northern hemi-
sphere are when she is above the honizon; and the reverse
Plate IX.  whilst her declination is south. Let N E .S Q be
Fig.3,4,5. the Farth, N C & its axis, £ Q the cquator, 7" o5
the tropic of Cancer, ¢ 1§ the tropic of (‘apricorn, a b the
arctic circle, ¢ d the antarctic, N the north pole, § the south
pole, M the Moon, F and G the two cminencies of water,
whose lowest parts are at a and d (Fig. 3), at N and § (Fig.



CH. XVII or THE TIDES. 189

4), and at b and ¢ (Fig 5), always 90° from the highest. Now,
when the Moon 1 1n her greatest north dechnation at M,
the highest elevation G under her, is on the tropic P IX.
of Cancer, T ar, and the opposite elevation F' on Fyg. 3.
the tropic of Capricorn ¢ 4 ; and these two elevations describe
the tropics by the Earth’s diurnal rotation  All places m the
northern hemisphere B .V Q have the highest tides when they
come mto the position b 25 Q, under the Moon, and the lowest
tides when the Earth’s diurnal rotation carries them into the
position a 1" E, on the ade opposite to the Moon , the reverse
happens at’the same time 1 the <outhern hemisphere E § Q,
as 1 (vident to sight, The avis of the tides a (" d, has now
its polt:ri and d (being alwavs 90° from the highest elevations)
in the 1c and aptarctic ardes; and, therefore, 1t is plan,
that at these cireles there g but one tide of flood, and one of
¢bb, n the lunar day. For, when the pomt a revolves half
round to b, m 12 lunar hours, 1t has a tide of flood, but when
it comes to the same pomt a agan m 12 hdurs more,
it has the lowest ebb  In 7 days afterwards, the Moon
A comes to the equinactial eircle, and 15 over the equator E Q,
when both elevations describe the equator, and i both henu-
sphercs, at equal distances from the equator, the tides are equally
high 1 both parts of thc lunar day  The whole 5
phenomena bang 1eversed, when the Moon has south ®
declmation, to*what they were when her declmation was north,
require no farther deseription

305 In the thice last-mentioned figutes, the Earth 1s ortho-
graphicallv projected on the plane of the meridiany; but m -
der to deseribe a particular phenomenon, we now project it on
the plane of the echptic. Let H/ Z O N be the Earth
and Sca, F' £ D) the equator, T the tropic of Cancer,
C the arctic circle, P the north pole, and the curves 1, 2, 3, &c.
24 meridians, or hour-cucles, mtersecting each other m the poles;
A G M1 the Moon’s orbat, S the Sun, M the Moon, when pom
Z the water clevated under the Moon, and N the tdes are e
opposite equal clevation  As the lowest parts of the 3:',",1.’,::5::;
water are always 90 fiom the highest, when the they amveat
Moon 15 in either of the tropics (as at ML) the eleva- mﬂdﬁ )
tion Z 15 on the tropic of Capricorn, and the oppo- tune; and
<ite elovation N on the tiopic of Cancel, the low- ™™™

Fig 4.
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water circle £ C O touches the polar circles at C'; and the high-
water circle E T' P 6 goes over the poles at P, and divides every
parallel of latitude into two equal segments. In this case the
tides upon every parallel are alternately higher and lower, byt
thev return in equal times: the point T', for example, on the
tropic of Cancer (where the depth of the tide is represented by
the breadth of the dark shade), has a shallower tide of flood at
T, than when it revolves half round from thence to 6, accord-
ing to the order of the numeral figures; but it revolves as soon
from 6 to 7', as it did from 7" t0 6. When the Moon is 1n the
equinoctial, the elevations Z and .V are transferred to the equator
at 0 and H, and the high and low-water circles are got into each
other's former places ; in which case the tides return m unequal
times, but are equally high in parts of the lunar day; sor a place
at 1 (under D) revohing as formerly, goes sooner from 1 to11
(under F') than from 11 to 1. because the parallel it describes
is cut into uncqual segments by the high-water circle H C 0: but
the points 1 and 11 being equidistant from the pole of the tides
at C, which is directly under the pole of the Moon's orbit M G
A, the elevations are cqually high in both parts of the day.

806. And thus 1t appears, that as the tides are governed by
the Moon, they must turn on the axis of the Moon's orbit, which
is inchined 23} degrees to the Farths axis at a mean state ; and,
therefore, the poles of the tides must be so many degrees from
the poles of the Earth, or in opposite ponts of the polar circles,
going round these circles in every lunar day. Itis true, that
according to Fig. 4, when the Moon is vertical to the
equator E C Q, the poles of the tides seem to fall in
with the poles of the world N and §'; but when we consider that
F G H is under the Moon’s orbit, it will appear that when the
Moon is over H, in the tropic of Capricorn, the north pole of
the tides (which can be no more than 90° from under the Moon)
must be at C in the arctic circle, not at P, the north pole of the
Earth ; and as the Moon ascends from H to G in her orbit, the
north pole of the tides must shift from ¢ to @ in the arctic circle,
and the south pole as much in the antarctic.

It is not to be doubted, but that the Earth’s quick rotation
brings the poles of the tides nearer to the poles of the world,
than they would be if the Earth were at rest, and the Moon re-
velved about it only once a month; for, otherwise, the tides would

Fig. 4.
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ba more unequal in their heights, and times of their returns, than
we find they are. But how near the Earth’s rptation may bring
the poles of its axis and those of the tides together, or how far
the preceding tides may affect those which follow, so as to make
thein keep up nearly to the same heights, and times of ebbing
and flowing, is a problem more fit to be solved by observation
than by theory. .

307. Those who have opportunity to make obser- To know at
vations, and choose to satiefy themselves whether the ¥hatumeswe
tides are ro.ally affected in the above manner by the "8::.,'::
different positions of the Moon, especially as to the and least tides
unequal times of their returns, may tahe this general rule for
knowmg when they ought to be so affected. When the Earth’s
axis inclines to the Moon, the northern tides, if not retarded in
their passage through shoals and chaunels, nor affected by the
winds, ought to be greatest when the Moon is above the horizon,
least when she is below it ; and quite the reyerse when the Earth’s
axis declines from her; but in hoth cases at equal intervals of
tmic  When the Farth’s axis mechines sidewise to the Moon,
buth tides are equally hugh, but they happen at unequal intervals
of ime  In every lunation the Earth’ axis inclines once to the
Moon, once from her, and twice sidewise to her, as it does to the
Sun every year, because the Moon goes round the ecliptic every
month, and the Sunbutonce ina year. Insummer, the Earth's
axis irclines towards the Moon when new ; and, therefore, the
day-tides in the north ought to be highest, and night-tides lowest
about the change : at the full the reverse. At the quarters they
ought to be equally high, but unequal in their returns: because
the Earth’s axis then inclines sidewise to the Moon. In winter
the phenomena arc the same at full moon as in summer at new.
In autumn, the Earth’s axis inclines sidewise to the Moon when
new and full ; therefore the tides ought to be equally high and
unequal in their returns at these times. At the first quarter the
tides of flood should be least when the Moon is above the hori-
zon, greatest when she is below it, and the reverse at her third
quarter. In spring, the phenomena of the first quarter answer
to those of the third quarter in autumn, and vicec versa. The
nearer any time is to either of these seasons, the more the tides
partake of the phenomena of these seasons; and in the middle
between any two of them, the tides are at a mean state between
those of both,
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Whythetdes 308. In open seus, the tides rise but to very smull
. rise higher in heighty in proportion to what they do in wide-
3:::.*'““' mouthed rivers, opeming in the direction of the
stream of tide. For, in channels growing nar-
rower gradually, the water is accumulated by the opposition
of the contracting bank. Like a gentle wind, little felt on
an open plain, but strong and brish ¢n a strect; especally if’
the wider end of the strect he next the plain, and in the way
of the wind.
The udes 809. The tides are so retavded in their passage
:;Pm:‘o?“ through different shoals and channels; and other-
the Moon  Wise 50 variously affected by strhing against capes
f'g‘“ theme- gnd headlands, that to different places they happen
ndian at df- . . »e
ferent places, 8t all distances of the Moon from the mefidian ; con-
and why.  cequently at all hours of the lunar day. The tide
propagzated by the Moon in the German ocean, when she s
three hours past the meridian, takes 12 hours to come from
thenee to London bridge, where it atrives by the time that a
new tide is raised mm the ocean.  And, therefore, when the
Moon has north dechnation, and we should expeet the ude at
London to be greatest when the Moon 15 above the horizon,
we find 1t is least, and the contrary when <he has wouth dech-
nation. At several places it s lngh water 3 hours before the
Moon comes to the merichan ; but that tide which the Moon
pushes, as it were, before her, is only the tide opposite to that
which was raised by her when <he was 9 honrs past the oppo-
site meridian.
The water 310. There are no tides in lakes, because they are
never nses in_ grencrally so small, that when the Moon is vertical
lukes. she attracts every part of them alike; and, there-
fore, by rendering all the water equally light, no part of it can
be raised higher than another. The Mediterranean and Bal-
tic seas have very small clevations, because the inlets by which
they communicate with the occan are so narrow, that they can-
not, in so short a time, receive or discharge enough to raise or
sink their surfaces sensibly.?

* It can essily be demonstrated” that the height of the tides in small seas is to
their haght in the inain ocean, ad the extent of the amall sca from east to west, 18 to
the'radius of the Earth. 'T'his gives only a tide 1) inches high for the Caspian sea.
M. D’Angos observed, that the tides at Teulon on the Mediterranean rose to the
height of a frot about 3} hours after the Moon passed the meridian —Z£d.
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611. Air being lighter than water, and the sur- .q. Moo
face of the atmosphere being nearer to the Moon rases tdesin
than the surface of the sea, it cannot be doubted that the *™
the Moon raises much higher tides in the air than in the sea.
And, therefore, many have wondered why the mercury does
not sinh in the barometer, when the Moon's action on the par-
ticles of air makes then dighter as she passes over Why the
the meridian.  But we must consider, that as these mereury in
particles are rendered lighter, a greater number of 8¢ haomes.
than is accumulated, until the deficiency of gravity foctud by the
be made vp by the height of the column, and then acrial tides.
there i~ an eyuilibriumy and, consequently, an equal pressure
upon the mercury as before; so that it cannot be affected by
the acnial udess

CHAP. XVIIL

OT' FCIIPSIS—THTIR NU MBLER AND PERIODS——A LARGL CATA-
LOGUE OF ANCIENT AND MODERN LCLIPSES.

812, Eviry planet and satellite iv illuminated by A shadow,
the Sun, and casts a shadow towards that point of What-
the hieavens which is opposite to the Sun.  This shadow is no-
thing but a privation of light in the space hid from the Sun by
the opaque body that intercepts his rays

313. When the Sun’s light is so intercepted by gy ey o
the Moon, that to any place of the Earth the Sun the Sun and
appears partly or wholly covered, he is said to un. Moom¥hst
dergo an cclipse, though properly speaking it is only an eclipse
of that part of the Earth where the Moon’s shadow or penum-
bra! falls. When the Earth comes between the Sun and Moon,
the Moon falls into the Earth’s shadow; and, having no light

3 The existence of aerial tides has been rendered very probable by the observations
of Professor 'I'oaldo of Padua. 1In a register of the barometer, kept for thirly yegrs,
he added together all the heights of the mercury when the Moon was in syzigy, when
she was in quadiature, and when she was in the apogeal and perigeal points of her
orbit. 'The apogeal exceeded the perigeal heights by 14 mches, and the heights in
syzigy exceeded those in quadrature by 11 inches. The difference in these heights
is sufficiently great to shew that the air is accumulated and compressed by the at-
traction of the Moun.—Ed.

! The penumbra is & faint kind of shadow all around the perfect shadow of the
planet or satellite, and will be more fully explained by and by.

VOL. 1 (] .
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of her own, she suffers a rcal eclipse from the interception of
the Sun’s rays. When the Sun is cclipsed to us, the Moon's
inhabitants on the side next the Earth (if any such there be)
see her shadow like a dark spot travelling over the Earth, about
twice as fast as its equatorial parts move, and the same way as
they move.  When the Moon 1s inan eclipse, the Sun appeas
eclipsed to her, total o all those parts on which the Darth's
<hadow falls, and of as long contivuance as they are m the
shadow.,

Aproofthae 314 That the Farth is spherieal (for the hilbs
:\::l {l:;::: tahe off’ no wore from the roundness of the Farth,
are g]l,b\,]“ thau grains of dust do trom the roundness of a com-
bodues. mon globe), is evident from the figure of s shadow
on the Moon, which is always bounded by a dreular line, al-
though the Farth 15 incessantly turning ity different sides to
the Moon, and very seldom shews the came side to her m difz
ferent eclipses, because they seldom happen at the sune hours,
Were the Earth shaped like a round flat plate, ns shadow
would only be circular when either of its sides dneatly faced
the Moon ; ad more or less elliptical as the Earth happoned
to be turned more or less obhquely towards the Moom when
she is eclipsed.  The Moon's different phases prove her to be
round (§ 254) ; for, as she keeps still the same side towards the
Farth, if that side were flat, as it appears to be, she would never
be visble from the third quarter to the first; and from the firdt
quarter to the third, she would appear as round as when we
say she is full : because at the end of her first quarter, the Sun’
light would come as suddenly on all her side neat the Eath,
as it does on a flat wall, and go off as abruptly at the end of
her third quarter.

And thatthe 919 11 the Faurth and Sun were equally big, the
Sunismuch Earth's shadow would be infinitely cxtended, and
:h?:atr,t‘hn? all of the same bulk ; and the planct Mars, in either
andtheMoon of its nuodes, and opposite to the Sun, would be
much It eclipred in the Earth’s shadow. Were the Earth
bigger than the Sun, its shadow would increase in bulk the far-
ther it extended, and would eclipse the great planets Jupiter
and Saturn, with all their moons, when they were opposite
to the Sun. But as Mars, in opposition, never fall into
the Earth’s shadow, although he is not then above 42,000,000
of milef from the Earth, it is plain that the Earth is much
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legs than the Sun; for, otherwise, it, shulow could not end
in a point at so small a distance.  If the Sun and Moon
were equally big, the Moon’s shadow would go on 1o the
Earth with an cqual breadth, and cover a portion of the Farth’s
surface more than 2000 nules broad, even if it fell directly
agast the Earth's eentre, as seen from the Moon, and much
more it it fell obliquely on the Farth: but the Moon's shadow
1~ seldom 150 nules broad at the Larth, unless when it falls very
obhquely on the Earth, in total echpses of'the Sun. In annular
celipses, the Moon™s real shadow ends in a pomt at «ome dis-
tance from the Farth,  ‘The Moons small distance from the
Tarth. and the shortness of her shadow, prove her to be less
than thy Sun And at the Farths shadow 1« large enough to
cover the Moon, if” her diameter were 3 times as large as it is
(which is evident frofn her long, continnance in the shadow when
<he goes through ats centre), 1t is plain that the Earth s much
g rar than the Moon,

5316 Though all opagque bodies on which the Sun

. . The prmary

Aines have thewr shadows, vet such is the bulk of the prncd never
Sun, and the distances of the planets, that the pni- ":ll'“"mem-
nary plancts ean never eelipse one another. A pri- erhers
mary can echipse only its secondary, or be echpsed by it; and
neva but when in opposition or conjunction with the Sun. The
primary planets are very seldom in these positions, but the Sun
and Moon are so every month: whence one may imagme that
these two luminaries should be eclipsed every month.  But there
are few eclipses 1 respect of the number of new and full moons ;
the reason of which we shall now explain.

317. If the Moon’s orbit were coincident with the . -
plane of the ecliptic, in which the Earth always moves, are 5o few
and the Sun appears to move, the Moon's shadow elipscs.
would fall upon the EFarth at every change, and eclipse the
Sun to some parts of the Farth. In like manner the Moon
would go thiough the middle of the Earths shadow, and
be eclipsed at every full; but with this difference, that she
would be totally darkened for above an hour and a half’; where-
as the Sun never was above four minutes totally eclipsed by
the interposition of the Moon.  But one half' of the The Moon's
Moon’s orbit is clevated 53 degrees above the celip- nodes
tic, and the other half as much depressed below it: conse-
quently the Moon’s orbit intersects the ecliptic in twe opposite
points, called the Moon’s Nodes, as has been already taken
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notice of, § 288. When these points are in a right fine with
the centre of the Sun at new or full moon, the Sun, Mdbn, and
Earth are all in a right [ine; and if the Moon be then new, her
shadow falls upon the Earth ; if full, the Earth’s shadow falls
upon her. When the Sun and Moon are more than 17 degrees
Limisof  from either of the nodes at the time of conjunction, the
eclipecs. Moon is then generally too high or too low in her or-
bit, to cast any part of her shadow upon 'the Earth. And when the
Sun is more than 12 degrees from either of the nodes at the time
of full moon, the Moon s generally too high or too low in her or-
bit to go through any part of the Earth's shadow ; and in bath
these cases there will be no cclipse. But when the Moon is
less than 17 degrees from either node at the timc of conjunction,
her shadow or penumbra falls more or less npon the Farth, as
she is more or less within this limit.* And when she isIess than
12 degrees from either node at the time of opposition, she gocs
through a greater or less portion of the Earth’s shadow as she
is more or less within this limit. Her orbit contains 360 de-
grees, of which 17, the limit of solar eclipses on cither side of
the nodes, and 12, the limit of lunar eclipses, are but small por-
tions: and as the Sun conunonly passes by the nodes but twice
m a year, it is no wonder that we have so many new and full
moons without eclipses.

Plate X. To illustrate this, let 4 B C D be the ecliptic, R .S

Fig.1. T U acircle lying in the same plane with the ecliptic,
and VW X Y the Moon’s orbit, all thrown into an oblique view,
which gives them an elhptlca.l shape to the eye. One half of
the Moon’s orbit, as V" WV X, is always below the ecliptic, and
the other half X ¥ V above it. The points ¥ and X, where

*the Moon’s orbit intersects the circle B .S 7" U”, which lies even
with the ecliptic, are the Moon’s nodes; and a right line, as
X E V, drawn, from one to the other, through the Earth’s centre,
Lincofibe 18 called the Line of the Nodes, which is carried al-
nodes. most parallel to itself round the Sun in a year.

If the Moon moved round the Earth in the orbit 2.S 7" U,
which is coincident with the plane of the ecliptic, her shadow
would fall upon the Earth every time she is in conjunetion with
the Sun, and at every opposition she would go through the

2 This admits of some variation 3 for, in apogea! eclipses, the solar limst is but 16}
degrem ; and in perigeal eclipses it is 184, When the full Moon is in her apoges,
she will be pelipsed if she be within 10} degrees of the node; lndvluuluul\ﬂhn
Mer perigee, she will be eclipsed if she be within 124, dagrecs of the nods.

14
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Earth's shadow. Were this the case, the Sun would be sclipsed
at every change, and the Moon at every full, as already mentioned.

But although the Moon's shadow N must fall upon the Earth
at a, when the Earth is at E, and the Moon in conjunction with
the Sun at i, because she is then very near one of her nodes;
and at her opposition n she must go through the Earth’s shadow
I, because she is then near the other node; yet, in the time that
. she goes round the Earth to her next change, according to the
order of the letters X ¥ V W, the Earth advances from E to ¢,
according to the order of the letters £ ¥ G H, and the Line of
the nodes V £ X being carried ucarly parallel to itself, brings
the point f of the Moon’s orbit in conjunction with the Sun at
that next change, and then the Moon being at f; is too high
ahove the ecliptic to east her shadow on the Earth: and as the
Earth is still moving forward, the Moon, at her next opposition
will be at g, too far below the ecliptic to go through any part
of the Earth’s shadow ; for by that time the point g will be at
a comiderable distance from the Earth as scen from the Sun.

When the Earth comes to F, the Moon in conjunction with
the Sun Z is not at &, in a plane coincident with the ecliptic,
but above it at ¥ in the highest part of herorbit: and then the
point b of her shadow O goes far above the Earth (as in Fig. 2,
which is an edge view of Iig. 1). The Moon at her next op-
position is not at o (¥ig. 1), but at W', where the
Larth’s shadow gocs far above her (as in Fig. 2).
In both these cases the line of the nodes ¥ ' .X (Fig 1) is about
90 degrees from the Sun, and both Juminaries are as far as pos-
sible from the limits of eclipses.

When the Earth has gone half round the ocliptic from E to
G, the line of the nodes ¥V G X is nearly, if not exactly directed
towards the Sun at Z; and then the new moon / casts her sha-
dow P on the Earth G; and the full moon p goes through the
Farth's shadow L; which brings on eclipses agam, as when the
Earth was at E,

When the Earth comes to H, the new Moon falls not at m
*in a plane coincident with the ecliptic C D, but at W in her
orbit below it: and then her shadow Q (see Fig. 2) goes far
below the Earth. At the next full she is not at ¢ (Fig. 1), but
at ¥ in her orbit 5} degrees above g, and at her greatest height
above the ecliptic C D; being then as far as possiblg, at any
opposition, from the Earth's shadow M (as in Fig. 2).

Fig 1, 2.
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So, when the Farth isat E and G, the Moon is about her
nodes at new and full ; and in her greatest nortk and south de-
clination (or latitude, as it 1s generally called) from the ecliptic
at her quarters: but when the Earth is at F or H, the Moon
is in her greatest north and south declination from the ecliptic
at new and full, and in the nodes about her quarters.

Plate X. 818. The point .Y where the Moon's orhit crosses

Fig. 1. the ecliptic is called the Ascending node, beeanse the
’T:nm oon's Rfaon ascends from it above the ec llptw and the op-

ingand .

dexcending  Posite point of intersection Vis called the Dioscending
node. nodr, because the Moon descends from it below the
Her north ccliptic When the Moon s at ¥ in the highest
and south Is- point of her orbit, she is in her greatest north lati-
tade. tude ; and when she is at IV 1 the Jowest pomt of
her orbit, she is in her greatest south latitude.

The nodes 819. If the line of the nodes, like the Earth's anis,
have a rerro- was carricd parallel to itself round the Sun, thae
grade motion. o 5uld he just half a year between the conjunctions
of the Sun and nodes. But the nodes shift backward, or
contrary to the Earth's annual motion, 19} degrces cvery
year; and, therefore, the same node comes round to the
Sun 19 days sooner every year thau on the year before
Consequently, from the time that the aswending node X
(when the Earth is at E) passes by the Sun as scen from
the Earth, it 1s only 173 days (not half a year) till the de-
Whichbrngs Scending node V' pasces by hun.  Therefore, m
ontheechpees whatever time of the vear we have eclipses of the
sooner cvery

,.."h..,u,,, luminarics about cither node, we may be sure that
would be i in 173 days afterwards we shall have eclipes about
notsuchamo. the other node.  And when at any time of the year
tion. the line of the nodes is in the situation ¥V G X, at
the same time next year it will be in the situation 7 & 5; the
ascending node having gone backward, that is, contrary to the
order of signs, from X" to s, and the descending node from V
to 7, each 19§ degrees. At this rate the nodes shift through
all the signs and degrees of the ecliptic in 18 years and 225
days; in which time there would always be a regular period of
eclipses, if any complete number of lunations were finished
without a fraction. But this never happens; for if hoth the
Sun and Moon should start from a line of conjunction with

either of the nodes in gny point of the ecliptic, the Sun would
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perform 18 annual revolutions and 222° over and above, and
the Moon 230 lunations, and 85 degrees of the 231st, by the
time the node came round to the same point of the ecliptic
again: so that the Sun would then be 138 degrees from the
node, and the Moon 85 degrees from the Sun.

320. But in 223 mean lunuuons, after the Sun, A P’mﬂ of
Moon, and nodes, have,been once in a line of con- eclipses
Jjunction, they return so nearly to the same state again, as that
the same node, which was in conjunction with the Sun and
Moon at the beginning of the first of these lunations, will be
within 28’ 12" of a degree of a line of conjunction with the Sun
and Moon again, when the last of these lunations is completed.
And, therefore, in that time there will be a regular period of
eclipses, or return of the same eclipse for many ages. 1In this
period (which was first discovered by the Chuldeam) there are
18 Julian years 11 days 7 hours 43 minutes 20 seconds, when
the last day of February in leap-years is four times included ;
but when it is five times included, tne period consists of only
18 years 10 days 7 hours 43 minutes 20 scconds® Conse-
quently, if to the mean time of any eclipse, cither of the Sun
or Moon, you add 18 Julian years 11 days 7 hours 43 minutes
20 scconds, when the lust day of February in leap-ycars comes
in four times, ar a day less when it comes in five tunes, you
will have the mean time of the 1eturn of the same eclipse.

But the falling back of the line of conjunctions, or opposi-
tions of the Sun and Moon 24 12" with respect to the line of .
the nades in every period, will wear it out in process of time ;
and after that it will not return again in less than 12,492
years. These eclipses of the Sun, which happen about the
ascending node, and begin to come in at the north pole of the
Earth, will go a little southerly at each return, till they go quite
off the Earth at the south pole ; and those which happen about
the descending node, and begin to come in at the south pole of
the Farth, will go a little northerly at each return, till at last
they quite leave the Earth at the north pole.

To exemplify this matter, we shall first consider the Sun's
eclipse, March 21st old style (April 1st new style) a. . 1764,

3 By computing this period from the new solar tables of De Lanibre, founded on
Dr. Maskelyne's observations, and from the tables of Mayer as improved by Mason,
1t will amount only to 18 years 11 days 7 hours 42 minutes 31 seconds, and the
Sun’s distance from the Moon's node will be 38’ 10" Ed. .
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according 1o ite meap revolutions, without equating the times,
or the Sun's distance from the node, and then according to its
true equated times,

This eclipse fell in the open space at each return, quite clear
of the Earth, ever since the creation till 4. p. 1295, June 13th
old style, at 12 hours 52 minutes 59 seconds post meridiem,
when the Moon’s shadow first touched the Earth at the north
pole, the Sun being then 17° 48’ 27" from the ascending node.
—In each period since that time, the Sun has come 28 12"
nearer and nearer the same node, and the Moon’s shadow has
therefore gone more and more southerly. In the ycar 1962,
July 18th old style, at 10 hours 86 minutes 21 seconds p. m.
when the same eclipse will have returned '38 times, the Sun will
be only 24 45” from the ascending node, and the centre of the
Moon's shadow will fall a little northward of the Earth's centre.
—At the end of the next following period, a. p. 1980, July
28th old style, at 18 hours 19 minutes 41 seconds p. m. the
Sun will have receded back 8' 27” from the ascending node,
and the Moon will have a very small degree of southern lati-
tude, which will cause the centre of her shadow to pass a very
small matter south of the Earth's centre. After which, iy
every following period, the Sun will be 28’ 12" farther back
from the ascending node than in the period last before ; and the
Moon’s shadow will go still farther and farther southward, until
Neptember 12th old style, at 28 hours 46 minutes 22 seconds

.p- m. A.p. 2665; when the eclipse will have completed its 77th
perindical return, and will go quite off the Earth at the south
pole (the Sun being then 17° 55’ 22” back from the node), and
it cannot come in at the north pole, so as to begin the same
course over again, in less than 12,492 years afterwards. And
such will be the case of every other eclipse of the Sun: for as
there is about 18 degrees on cach side of the node within which
there is a possibility of eclipses, their whole revolution goes
theough 86 degrees about that node, which taken from 360 dc-
grees, leaves remaining 324 degrees for the eclipses to travel in
exponsum. And as this 36 degrees is not gone through in less
than 77 periods, which takes up 1388 years, the remaining 324
degrees cannot be s0 gone through in less than 12,492 years.
For, as 36 is to 1388, so is 324 to 12,492.

821. In order to shew both the mean and true times of the
returns of this eclipse, through all its periods, together with the
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mean anomalies of the Sun and Moon, at each return, and the
mean and true distances of the Sun from the Moon's ascending
node, and the Moon’s true latitude at the truc time of each new
moon, T have calculated the following tables for the sake of
those who may choose to project this eclipse at any of its re-
turns, according to the rules laid down in.the 15th ‘chapter,
and have therchy taken by much the greatest part of the trouble
off their hands.  All the times are according to the old style,
for the sake of a regularity which, with respect to the nominal
days of the months, does not take place in the new : but by
ndding the 8ay’s difference of style, they are reduced to the
times which agree with the new style.

According to the mean (or supposed equable) motions of the
Sun, Moon, and nodes, the Moon's shadow in this eclipse
would have first touched the Earth at the north pole, on the

13th of June a. p. 1295, at 12 hours 52 minutes 59 seconds
past noon on the meridian of London, and would quite lcave
the Earth at the south pole on the 12th of September, a. p.
2665, at 23 hours 46 minutes 22 seconds past noon, at the
completion of its T7th period, as shewn by the first and sccond
tables.

But, on account of the true (or unequable) motions of the
Sun, Moon, and nodes, the first coming-in of this cclipse, at
the north pole of the Farth, was on the 24th of June a. v.
1313, at 3 hours 57 minutes 3 seconds past noon; and jt will
finally leave the Farth at the south pole on the 81st of July
A. p. 2593, at 10 hours 25 minutes 31 seconds past noon at the
completion of its 72d period, as shewn by the third and fourth
tables. So that the true motions do not only alter the true
times fromn the mean, but they also cut off five periods from
those of the mean returns of this cclipse,
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Tasit 1. The mean Time of New Moon, with the m an Anomalies
of the Sun and Moon, and the Sun's mean Distance, from the Moon's
oAscending Node, ai the mean Time of cach perivdical Return of the
Suw's ‘Eclipee, March 21, 1764, Srom its first coming upon the
Earth since the Creatwn, till i falls right against the Earth's centre,
according lo the Old Style.

|
|

EER 5 [ Mean Time of New | Sun's mean {Moon®s mean ?)':";‘ lfnr:::
rz st.

3 E £3 Moon. Anonuly. i Anomaly. the Node.

SEE

B ‘ Month. p. n. . a.! [ L

1277 }Jnm- 2 5 93911 17 57
1205 Lhune 13 12 52 5911 210 27
1313 Llune 23 20 36 19’ 0 g u7 :
Bl Alaly 5 419 30, 0 19 27
1349 WJuly 15 12 2 50 0 29 57
1367 Liuly 26 19 46 1901 10 27
1383 JAug. 6 3 20 300 1 20 o7 2
03 fAug. 17 11 12 :.:r: 2427
121 JAug. 27 18 56 19" 2 11 57
189 ISept. 8 2 39 3u) 2 22 97
108 1457 ISept. 18 10 2 59 3 2 57
1 W75 Sepr. 2018 6 19! 3 13 27
120 403 JOc. 10 1 49 39 3 23 57
B 1all joc. 21 932 500 4 4 2
H 01320 (Ot 3117 16 19] ¢ 14 36
4

L2631 12 0 18 16 1)
128 40 199 0 17 48 27
120 48 56 0 17 20 15
117 57 35 0 16 ald Y
115 6 10{ 0 16 23 30
1
1
1
1

12 14 471 0 15 s5 33
92324 015 27 2
632 10145912
340 300 0 11 3}
049 15 014 2 g7
027 57 .',-.'l 013 31 35
025 G200 13 6 20
02215 012 38
19 23
16 32 ¢
13 40 57( 0 11 13
10 49 34

o I R R

>

15[ 1547 INov. 12 0 39 4
16 P 1565 INmv. 92 g 43 05 5 o6 5

17 1 1583 Dee. 316 26 200 5 16 26 7 58 01017 7
181101 e, 18 0 9 g 5 26 a6 3 648 0 9 48 55
1911619 IDee. 25 733 o 6 726 215250 9 20 4
20 | 1638 plan. 4 15 36 200 6 17 56 20 24 20 852 3%
2 1636 LJan, 15 23 10 40f 6 28 26 SHLL 26 32 3090 0 8 24 17
2211674 LJan. 26 7 3 7 8056 3511 23 41 14 0 796G

23 | 1692 |I°eh. 614 46 200 7 19 26 32111 20 49 53 72756
24 1 1710 |Feh. 16 22 29 40! 7 29 56 17 58 3 G 59 4
2511728 [Feb. 28 613 '(:, P10 26 2 W 7 7 G 31 27

26 [ 1746 [Mareh 1013 56 20! 0 20 36 23
27 1 1764 March 20 21 39 0] o 1 26 2

21702 Apal 1528 g0 1 a6 17
29 1 1800 Apnl 1113 6 209 9 22 96 14
A 1818 Lipnl - 22 40 49 40l10 2 56 11
LG My 5 483 0o 13 26

32| 165 May 1112 16 2910 23 56 “ |
41872 \May 241959 401l 4 26 210 22 16 3
341 1800 Lune 5 3 43 011 14 55 5010 19 24 40f 0
45 1 1908 Mune 15 11 26 2001 25 25 56'10 16 31710
3611926 June 2619 9 400 0 5 56 53010 13 41 64| 0
3711946 July 7 253 o 016 25 50llo 10 50 31| 0
38 ) 1962 Liuly * 18 10 36 21) 0 26 55 47)l0 7 59 4 0

Sodcecsescs e

6

)

)

| 4

0 50 12 4

2758 4910 3
25 720 314

2

2

1

1

0

0
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Tasre II.  The mean Time of Nen Moon, wuth the mean Anomalies
of the Sun and Moon, and the Sun's mean Distance from the Moon's
Ascending Node, at the Mean T'ime of each periodical Return of the
Sun's FEelipse, March 21, 1764, from the mean Time of its falling
right against the EartWs Cenire, till it finally | aves the Earth,
accordung i the Julian or Old Style.

42 | 2034 |Aug.
13 | 2052 |Sept.
41 | 2070 |Scpt.
45 | 2088 (e,
16 | 2106 (Ot

30 17 29 4)
10 113 1
21 8 46 21
116 39 41
13 o238 |

8 55 36
19 25 83
20 55 32
10 25 2
20 65 24

9 26 33 36{11
9 23 42 1411
9 20 350 50411
9 17 59 27111
915 8 41l

EEA R r Vean Time of New | Sun’s mean [Moon's mean) JUP's mean

15 El . 2 Moon Anomaly. | Anomal Lrt. from
z2| 85 e - Y+ | the Node.

e

B Month. D. Mo M. w8 ¢ 2 # | ® 2 7 {g ° ¢ #
39 | 1980 Lhuly 28 I8 19 41| 1 7 25 4410 5 7 45]11 29 56 33
10 | 1998 |Aug. 9 2 3 1117 55 41j10 2 16 22[11 29 28 20
1112006 {Aug. 19 9 46 21| 1 28 25 34 9 20 24 a9(11 29 0

28 31 55
28 3 4

27 35 30
27 713
26 39 5

a7l 2zeloe. 2 8 62104 125 21 912 16 NI 26 10 3
w2142 Nov. 315 49 41) 4 11 55 18] 9 9 25 18{11 25 42 4
10| 2160 {Nov. 13 93 31 1] 4 2225 15 9 6 33 36]11 25 14 2
a0 | 2078 Nen. 25 716 21{5 255 1209 3 42 3311 24 46 15
op | 2090 Dec. 51439 41] 31325 9(9 05110011 24 18

522804 Dee. 162243 1 52355 7] 82739 47|11 23 49 5
53 |22 [Dee. 27 G2621/6 425 4825 8241123213
ng | 2250 [lan. 714 941l 614 55 1| 82217 1N 22 53 25
5a | 2069 [an. 17 21 53 1] 6 25 24 53 8 19 25 3ul11 22 15 13
a6 | 227 Man. 29 536 210 7 5 54 53] 8 16 31 1311 21 57

a7 | 2805 [Feb. 8 13 19 41] 7 16 24 52| 8 13 42 52111 21 28 4
of | 2323 [lkeb. 1921 3 1| 7 26 54 49| 8 10 51 20{11 21 0 35
a0 | 2841 [March 2 4462108 724468 8 0 6]11 20 32 24
60 | 2370 [March 1312 20 42( 8 1754 43(8 5 8 43011 20 41
61 | 2877 [March 23 20 13 2/ 8 28 24 40/ 8 2 17 2011 19 35 5
62 | 2395 [Apnl & 336 2209 85437729 25 57[11 19 7 45
63 [ 2413 'Apul 14 11 39 42] 9 19 24 34) 7 26 34 34[11 18 39 33
64 | 2431 1Apnl 25 19 23 2| 9 29 54 31| 7 23 43 11[11 18 11 20
G5 | 2049 My 6 3 6 2210 10 24 24 7 20 51 4811 17 43 §
66 | 2467 May 17 10 49 1210 20 54 25{ 7 18 0 25(11 17 14 54
67 | 2485 [May 271833 211 124220715 9 21 16 46 4
on | 2503 Mune 8 2 16 2211 11 64 19 7 12 17 3911 16 18 81
o0 | 2521 [June 18 9 59 42(11 22 24 17/ 7 9 26 16/i1 15 50 18
70 | 2539 Mune 20 17 43 2/ 0 2 54 14| 7 6 34 5311 15 22

71 | 2557 [July 10 1 26 22{ 013 24 11{ 7 3 43 3011 14 53 54
72 | 2575 [Inly 21 9 942(0 2354 87 052 711 14254
78 | 2503 [July 31 16 63 2{ 1 4 24 5 6 28 0 4411 13 57 2
7¢ | 2611 |Aug. 12 036 2201 14 54 2{ 625 9 2111 13 29 16
75 | 2629 |Aug. 23 8 19 42( | 25 23 59| 6 22 17 58)11 13 1 &
76 | 2647 |[Sept. 2 16 3 2/ 2 5 53 56/ 6 19 26 35]11 12 32 51
77 | 2665 [Sept. 12 23 46 22| 2 16 23 531 6 16 35 12]11 12 4 38




204

OF ECLIPSES.

CH. XVIIIL.

TasLe II1. The true Timc of New Moun, with the Sun’s truc Dis-
lance from the Moon's Ascending Node, and the Moon's true Lati-
inde, al the true T'me of cach periodical Return of the Sun's
Eclipse, March 21, (Jd Style, A. D. 1704, from the Time of ils
Jirst coming upon the Earth since the Creation, il it falls right
againat the Eartk's Cenlre.

" - Sun’s true
'g s |5 True Time of New Moon®s true Tau-
o dist. from .
3 §|cE Moon. the Nude, | tude, North.
S8 |0
Month. D, u. M. 8. |8 © ¢ # | v ¢ ~ YNorth
0 |1295| June 13 2] 54 32 [0 18 40 34 | 1 33 45 w. a.
1 |1313 [ June 24 3567 3017 2022]1 2934 n.a.
2 | 1331 | July 51042 801629 251 2520 x.a.
3 1349 | July 151714 15]0 1534 18] 1 20 45 N. a.
4 1367 { July 26 23 49 24| 0 1446 811639 x.a.
5 1385 | Aug. 6 641 17[0 1359 43| 11243 x. a.
6 1403 | Aug. 17 133219}0 1316441 9 3 woa.
i 1421 Aug. 27 20 3017|01237 4|1 542 w.a.
8 | 1439 | Sept. 8 35146(012 154|1 241 N.a.
9 | 1467 | Sept. 181023 11 [0 11 30 27 | 0 58 63 . A
10 1475 Sept. 2917567 710 11 356|057 43 w.a.
11 1493 | QOct. 10 144 (01041 55]0 35549 x. a.
12 1511 | Oct. 21 92953]01025 1105492 x.a.
13 | 1520 Oct. 3117 918|010 11 27105312 . a.
14 1547 { Nov. 12 051 25/010 110]05219 ». a.
15 1565 ] Nov. 22 8545610 9 524910 51 46 x. a.
16 | 15683 | Dec. 316481710 948 405111 N.a.
17 1601 | Dee. 14 06] 8]0 943 421050 49 x. a.
18 1619 | Dec. 25 8564590 940 23|10 350 31 N. a.
19 | 1638 | Jan. 41656 110 934571050 3 w. a.
20 | 1656 {Jan. 16 064 41 |0 0 20 24 |0 49 57 x. a.
21 1674 | Jan. 26 B 482410 910 44| 0 48 44 . a.
22 1¢92 | Feb 61636280 9 868|047 49 . a.
23 |1710 | Feb. 17 O 837 |0 8584 20| 0 46 44 x. a,
24 1728 | Feb. 28 743 40| 0 8 34 53 |0 44 52 ». a.
26 | 1746 | March 1015 1433 |0 8 10 38| 0 42 46 w. a.
26 | 1764 | March 2022 3026 |0 7 4214|040 18 . a.
27 1782 | April 1 637 4]0 7 927]|03728 N.a.
28 | 1800 | April 11123638|0 6 45 30 | 0 34 31 x.a.
29 1818 | Apnl 2219027340 5051 480 30 43 w. a.
30 [1836|May 3 212 7[{0 5 5 65032640 w4
3 1854 | May 14 86040)0 4 19 45| 0 22 42 W A,
32 (1872 | May 241528150 3 2 3018 1 wa
33 | 1890 | June 422 8 0|0 2356 565|018 31 w.a.
34 | 1908 |June 15 43823|0 14143 )0 8564 w.a.
35 | 1926 | June 261113 5|0 O 473810 410 x.a.

On account of the differences between the mean and true
new Moons, and between the Sun’s mean and true distances
from the node, the Moon's shadow falls even with the Earth’s
gentre two periods sooncr in this Table than in the first.
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TanLe IV. The true Time of New Moom, with the Sun's true Dis-
tance from the Moon's Ascending Node, and the Moon's true Lati-
tude at each periodical Return of the Sun's Eclipse, March 21, Old
Style, A. . 1764, from ils falling right against the Eartk's Centre,
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il it finally leaves the Earth.

{}
‘3 8 | €4 | True Time of New %:: :;: Moon's true La-
E £ F Moon. the Node, titude South.

:g:! w

- * !Month. D. M. M. 8. | 8 ° ¢/ # |° 7 » South
36 1944 | July 6175035 |11 20562810 0 24 & a.
37 1962 | July 18 081381129 233|0 5 2 s. a.
38 1960 | July 28 71853 (11 281132[0 029 s a.
39 1998 | Aug..e 814122211127 2641|013 25 8. A
40 | 2016 | Aug. 18 21 1453 |11 26421610 17 18 s A.
41 2034 Aug. 30 425 45|11 26 2 0) 0 20 48 s. A.
42 | 2052 | Sept. 911 4517111252646} 0 23 53 s. a.
43 | 2070 | & 2019172611 24565 4102639 s a.
44 2088 | Oct. 1 257 8112427 43](0 28 58 s. a.
45 | 2106 | (Oct. 12104739{11 24 438[031 2 s. A
46 | 2124 | Oct. 2218374011 234828)0 3226 s a.
47 | 2142 | Nov. 3 25619112335 FH |0 33 33 s a.
48 | 2160 | Nov. 13 11 11 20| 112322220 34 42 s. a.
49 | 2178 | Nov. 24 193614 |11 231857 /035 0 s a.
50 | 2196 | Dec. 6 4 4 9|11231440|03522 4. a.
51 {29141 Dec. 16123548 |11 231043 (0 35 43 &. a.
52 | 2232 | Dee. 2620929 91123 647]036 1 8. A
53 | 2251 | Jan. 7 542 91123 427103616 s. a.
64 | 2269 | Jan. 171414 81123 041{0 36 35 s. a.
65 2287 | Jan. 28 22 4334 |11 22636803710 8 a.
56 | 2305 | Feb. 8 7 830112244 440 37 59 8. a.
57 | 2323 | Feb. 1915 710{11 2231 1|/039 8 s a.
58 | 2341 | March 2 0 6 5112217 46| 0 40 28 s. a.
59 | 2359 | March 13 750 17 |11 2155 29/042 9 s a.
60 | 2377 | March 23 15 51 59|11 21 9990 | 0 43 41 s. A
61 2395 | April 32W45 7(121 053104658 5. a
62 | 2413 | Apnl 14 73240} 20 26 22| 0 49 48 s. A
63 | 2431 | April 25 15 12 57 |11 19 47 34| 0 53 17 . a.
64 | 2449 Ml:y 53246 1411119 622|056 50 s. A
656 | 2467 { May 17 61730111821 16|1 Q 40 s. .
60 | 2485 | May 27134629 )11173420|1 442 s a
67 | 2503 | June 7201031 (11 164317|1 9 8 & a.
68 | 2521 [June 18 42442 (1115514811326 8. &
69 12599 | June 291158461115 112(1 1743 & a.
70 | 2657 { July 91924 7|1 14 9131 6 5 A
71 | 2875 |July 21 25234|11131922]|12616 s. a.
72 | 2593 | July 31 102531111213 43| 131 44 s A
73 | 261t |Aug. 11178839 (1111 4513(13613 s A

By the trne motions of the Sun, Moon, and nodes, this
eclipse goes off the Earth four periods sooner than it would

have dong by mean equable motions.
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From Mr. ¢ To illustrate this a little farther, we shall exa-
G. Smith’s mine some of the most remarkable circumstances of
:’n“:““"""' the returns of the eclipsc: whic_h happened July 14,
1748, about noon. This eclipse, after traversing

the vuids of space from the creation, at last began to entcr the
Terra Australis Incognita, about 88 years after the Conquest,
which was the last of King Stephen'’s reign; verv Chaldeant
period it has crept more northerly, but was still inviable
Britain before the year 1622, when, on the 80th of Apnl, u
began to touch the south parts of Fngland about £ in the
afternoon, its central appearance rising in the American South
seas, and traversing Peru and the Amazon’s country, through
the Atlantic ocean into Africa, and setting in the Ethiopian
continent, not far from the beginning of the Red sea.
" ¢ Its next visible period was after three Chaldean revolu-
tions in 1676, on the 1st of June rising central in the Atlanne
occan, passing us about 9 in the morning, with four digits-
eclipsed on the under limb, and setting in the gulf of Coclun-
china in the Fast Indics.

¢ It being now near the solutice, this eclipse was viable the
very next return in 1694, in the evening; and in two periods
more, which was iu 1730, on the 4th of July, was seen above
half eclipsed just after sun-rise, and observed both at Wir-
temberg in Germany, and Pekin in China, soon after which 1t
went off.

¢ Eighteen years more afforded us the cclipse which fell on
the 14th of July 1748.

¢ The next visible return will happen on July 25, 1766, in
the evening, about four digits cclipsed ; and after two periods
more, on August 16, 1802, carly in the morning, about five
digits, the centre coming from the north frozen continent, by
the capes of Norway, through Tartary, China, and Japan, to
the Ladrone islands, where it goes off.

¢ Again, in 1820, August 26, (September 7th, N. S.) be-
twixt one and two, there will be another great eclipse at Lon-
don, about 10 digits; but happening so near the equinox, the
centre will leave every part of Britain to the west, and enter

4 The above period of 18 years 11 dsys 7 hours 43 minutes 20 seconds, which
was found out hy the Chaldeans, and by them called Saroe.
s Adigisiluvdﬁ.hpnofthedumanofﬂnSunorMm
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Germany at Embden, passing by Venice, Naples, Grand Cairo,
and sct in the gulf of Bassora, near that city. .

¢ It will be no more visible till 1874, when five digits will
be obscured (the centre being now about to leave the Earth),
on Neptember 28.  In 1892 the Sun will go down eclipsed at
London, and again in 1928, the passage of the centre will be
in the expansum, thougly there will be two digits eclipsed at
London, October the 81st of that year; and about the year

® 2090 the whole penumbra will be wore off; whence no more

returns of this cclipse can happen till after a revolution of
10,000 years*

¢ From these remarhs on the entire revolution of this eclipse,
we may gather, that a‘thousand years, more or less (for there
are some irregularities that may protract or lengthen this pe-
riod 100 years) complete the whole terrestrial phenomena
of any <ngle eclipse 3 and since 20 periods of 54 years each,
and about 83 davs, comprehend the entire extent of their re.
volution, it is evident that the times of the returns will pass
through a circuit of one year and ten months, every Chaldean
period being 10 or 11 days later, and of the equable appear-
ances about 32 or 83 days. 'Thus, though this eclipse hap-
pens about the middle of July, no other subsequent celipse of
this period will return to the middle of the sume month again ;
but wear constantly each period 10 or 11 days forward, and at
last appear in winter, but then it begins to cease from affect-
g us.

Another conclusion from this revolution may be drawn,
that there will seldom be any more than two great cclipses of
the Sun in the interval of this period, and these follow some-
times next return, and often at greater distances. That of
1715 returned again in 1783 very great; but this present
eclipse will not be great till the arrival of 1820, which is a re-
volution of four Chaldean periods; so that the irregularities of
their circuits must undergo new computations to assign them
exactly.

- ¢ Nor do all eclipses come in at the south pole : that depends
altogether on the position of the lunar nodes, which will bring
in as many from the expansum one way as the other: and
such eclipses will wear more southerly by degrees, contrary to
what happens in the present case.

¢ The eclipse, for example, of 1736, in September, had its
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centre in the expansum, and set about the middle of its obsou-
rity in Britain ; it will wear in at the north pole, and in the
year 2600, or thereabouts, go off in the expansum on the south
side of the Earth.

¢ The eclipses, thercfore, which happened about the crea-
tion, are little more than half way yet of their ethereal cireuit,
and will be 4000 years before they enfer the Farth any more.
This grand revolution seems to have been entirely unknown to
the ancients.

ourpre.  322. ¢ It is particularly to be noted, that eclipses

sent tablesdo which have happened many centuries ago, will not
with encient  be found by our present tables to agree exactly with
observations- - ancient observations, by reason of the great anoma-
lies in the lunar motions ; which appears an incontestable de-
monstration of the non-cternity of the universe.  For it scems
confirmed by undeniable proofs, that the Moon now finishes
her period in less time than formerly, and will continue by the
centripetal law to approach nearcr and nearer the Larth, aud to
go sooner and sooner round it: nor will the centrifugal power
be sufficient to compensate the different gravitations of such an
assemblage of bodies as constitute the solar system, which would
come to ruin of itself (sec § 163, Notc), withdut some new
regulation and adjustment of their original motions.®

¢ There are two ancient eclipses of the Moon, recorded by Ptolemy from Hip-
parchus, which affurd an undeniable proof of the Moon's acceleration. The first of
these was observed at Babylon, December the 22d, in the year before Christ 383 ;
when the Moon began to be eclipsed about half an Hour before the Sun rose, and
the eclipse was not over before the Moon set : but by most of our astronomical tables,
the Moon was set at Babylon half an hour before the eclipse began ; in which case,
there could have been no possibility of observing it. The second eclipse was ob-
served at Alexandria, September the 22d, the year before Christ 201 ; where the
Moon rose 50 much eclipsed, that the eclipse must have begun about half an hour
before she Tose; whereas, by moat of our tables, the beginning of this eclipse was not
till about ten minutes after the Moon rose at Alexandris. Ead these eclipses be-
gun and ended while the Sun was below the horizon, we might have imagined, that
as the ancients had no certain way of measuring time, they might have been so far
mistaken in the hours, that we could not have lzid any stress on the sccounts given
by them. But, s in the first eclipse the Moon was set, and consequently the Sun
risen, before it was over ; and in the second eclipse the Sun was set and the Moon
not risen, till some time after it began ; these are such circumstances as the ohservers
could not possibly be mistaken in. Mr. Struyk, in the following catalogue, not-
withstanding the express words of Ptolemy, puts down these two eclipses as abserved
ot Athens; where they might have been seen as above, without any seceleration of
the Moon's motion § Athens being 30° west of Babylon, and 7° west of Alexandria.
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We aze credibly informed from the testi- Thaies's

mony of the ancients, that there was a total eclipse eclipse.

of the Sun predicted by Thales to happen in the 4th year of
the 48th Olympiad,? either at Sardis or Milctus in Asia, where
Thales then resided. That year corresponds to the 585th year
before Christ, when accordingly there happened a very sig-
nal eclipse of the Sun on, the 28th of May, answering to the
present 10th of that month,* central through North America,
the south parts of Frauce, Italy, &c. as far as Athens, or the
igles in the Egean sea ; which is the farthest that even the Ca-
roline tablesvarry it; and, consequently, make it invisible to
any part of Asia in the total character; though I have good
reason to believe that it extended to Babylon, and went down
central over that city. We are not however to imagine, that
it was set before it passed Sardis and the Asiatic towns, where
the predictor lived; because an invigble eclipse could have
been of no service to demonstrate his ability in astronomical
science to his countrymen, as it could give no proof of its reality.

7 Iach Olympiad begun st the time of full moon next after the summer solstice,
and lasted four years, which were of unequal lengths, because the time of full moon
differs 11 days every year ; so that they mught sometimes begin on the next day after
the solstice, snd at other times not till four wecks after it.  The first Olympiad be-
£an 1 the year of the Julian period 3938, which was 776 years before the first year
of Chnst, or 775 beforc the year of his birth ; and the last Olyripiad, which was the
293d, began a. D. 493. At the expiration of each Clympad, the Olympic games
were celebrated in the Llean fields, near the nier Alphcus in the Peloponnesus (now
Morea) in honour of Jupiter Olympus. See Strauchius’s Breviarium Chronolo-
gicum, pp. 247-251.

8 The reader may prohably find it difficult to understand why Mr. Smith should
reckon this eclipse to have been in the fourth year of the 48th Olympiad, as it was
only m the end of the third year ; and also why the 28th of May, in the 585th year
befure Christ, should answer to the present 10th of that month. But we hope the
following explanation will remove these difticulties. #

The month of May (when the Sun was cclipsed) in the 585th year before the first
year of Christ, which was g leap year, fell in the latter end of the third year of the
40th Olympiad ; and the fourth year of that Olympiad began at the summer solstice
following : but perhaps Mr. Smith begins the years of the Olympiad from January,
in order to make them correspond more readily with Julian years ; and’ so reckons
the month of May, when the eclipse happened, to be in the fourth year of that
OIYmPM' -

"The place or longitude of the Sun st thet time was ¥ 29° 43’ 17", to which sme
place the Sun returned (after 2300 years, viz) A. D. 1716, on May 91 5 6= after
noon ; so that, with respect to the Sun’s place, the 9th of May 1716 answers to
the 28th of May in the 585th year before the first year of Christ; that is, the Sup
had the same loggitude on both those days. y

VoL 1. r
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Thurydids's 324 ¢ For a further illustration, Thucydides re-
edipe.  ates, that a solar eclipse happencd on a summer’s
day in the afternoon, in the first year of the I’cloponnesian
war, so great that the stars appeared, Rhodius was victor in
the Olympic games the 4th ycar of the said war, being also the
4th of the 87th Olympiad, or the 428th year before Christ. So
that the eclipse must have happened _in the 431st year before
Christ; and by computation it appears, that on the 3d of Au-
gust there was a signal eclipse which would have passed over -
Athens, central about 6 in the evening, but which our present
tables bring no farther than the ancient Syrtes on the African
coast, above 400 miles from Athens; which suffering in that
case but 9 digits, could by no means éxlubit the ramarkable
darkness recited by this historian ; the centre, therefure, seems
to have passed Athens about 6 in the evening, and probably
might go down about Jerusalem, or near it, contrary to the
construction of the present tables, I have only obviated these
things by way of caution to the present astronomers, in recom-
puting ancient eclipses ; and refer them to examine the cclipse
of Nicias, so fatal to the Athenian fleet ;* that which overthrew
the Maccdonian army,’! &e.  So far Mr. Smith.

The number  325. In any ycar, the number of eclipses of both
of eclipses.  Jyminaries cannot be less than two, nor more than
seven ; the most usual number is four, and it is very rare to
have more than six.  For the Sun passes by both the nodes but
once a-ycar, unless he passes by one of them in the beginning of
the year; and if he does, he will pass by the same node again
a little before the year be finished ; because, as these points
move 19§° backward every year, the Sun will come to cither
of them 173 days after the other, § 319. And when' cither
node is within 17 degrees of the Sun at the time of new moon,
the Sun will be eclips#l. At the subsequent opposition, the
Moon will be eclipsed in the other node; .and come round to
the next conjunction again ere the former node be 17° past the
Sun, and will therefore eclipse him again. When three eclipscs
fall about either node, the like number generally falls about
the opposite ; as the Sun comes to it in 178 days afterwards ;
and six Junations contain but four days more, Thus there
may be two cclipses of the Sun, and one of the Moon, about

9 Pefore Christ 413, August 2% 1 Before Christ 108, June 21.
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each of her nodes. But when the Moon changes in either of
the nodes, she cannot besnear enough the other node at the
next full to be eclipsed; and in six lunar months afterward
she will change near the other node: in these cases there can
be but two eclipses in a year, and they are both of the Sun.

326. A longer period than the above-mentioned, § 320, for
comparing and examining eclipses which happened at long in-
tervals of time, is 557 years 21 days 18 hours 30 minutes 11
seconds, in which time there are 6890 mean lunations ; and the
Sun and node meet again so nearly as to be but 11 seconds
dnstnnt,’ bug then it is not the same eclipse that returns, as in
the shorter period above mentioned.

327. We shall subjoin a catalogue of eclipses recorded in his-
tory, from 721 ycars before Christ to A. p. 1485; of computed
eclipses from 1485 6 1700; and of all the eclipses visible in
Europe from 1700 to 1800. From the beginning of the cata-
logue to a. p. 1485, the eclipses are taken from A
Struyk’ Introduction to Universal Geography, as .,f':m;:,
that indefatigable author has, with much labour, col. ing G;l“huue
lected them from Ptolemy, Thucydides, Plutarch, L.
Calvisius, Xenophon, Diodorus Siculus, Justin, Polybius, Titus
Livius, Cicero, Lucanus, Theophanes, Dion Cassius, and many
others. From 1485 to 1700 the eclipses are taken from Ric-
ciolus’s Almagest: and from 1700 to 1800 from L’Art de vé-
rifier les Datcs. Those from Struyk have all the places men-
tioned where they were observed : those from the I'rench au-
thors, viz. the religious Benedictines ot the congregation of St.
Maur, are fitted to the meridian of Paris: and concerning thosc
from Ricciolus, that author gives the following account :—

¢ Because it is of great use for fixing the cycles or revolutions
of eclipses, to have at hand, without the trouble of calculation,
a list of successive eclipses for many years, computed by authors
of Ephemerides, although from tables not perfect jn all respects,
I shall, for the benefit of astronomers, give a summary collection
of such. The authors I extract from are, an anonymous one
who published Ephemerides from 1484 to 1506 inclusive:
Jacobus Ptlaumen and Jo. Steeflerinus, to the meridian of Ulm,
from 1507 to 1584 : Lucas Gauricus, to the latitude of 45°,

2 According to the latest solar and lunar tables, this period is only 857 years 21
days 18 hours 4 minutes 47 seconds, and the Sun’s distance from the Moon’s nodp
is fully ¥ 41~ .SeFafnm'thMﬁ,p.ﬂs,dt.M
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from 1534 to 1551 : Peter Appian, to the meridian of Leysing,
from 1538 to 1578: Jo. Steeflerns, tb the meridian of Tubing,
. from 1548 to 1554 : Petrus Pitatus, to the meridian of Venice,
from 1544 to 1556: Georgius-Joachimus Rheticus, for the year
1551 : Nicholaus Simus, to the meridian of Bologna, from
1552 to 1568: Michacl Muwtlm, to the meridian of "Tubing,
from 1557 to 1590: Jo. Stadius, to tlu; meridian of Antwerp,
from 1554 to 157%: Jo. Antoninus Maginus, to the meridian
of Venice, from 1581 to 1630 - David Origan, to the meridian «
of Franckfort on the Ouder, from 1595 to 1664 : Andrew Areol,
to the meridian of Rome, from 1630 to 1700 Franciscus Mon-
tebrunus, to the meridian of Bologna, from 1461 to 1660 :
among which Stadius, Muastiin, and Mamnus, used the Pru-
tenic tables; Origin the Prutenic and T’y chonie ; Montebrunus
the Lansbergian, as hhewise those of Durat.  Almost all the
rest the Alphonsine.
¢ But that the places may readily be known for which these
eclipses were computed, and from what tables, consult the fol-
lowing list, in which the years inclusive are set down.

¢ From 1485 to 1506 The place and author unknown.
1507 1553 Ulm in Suabia, from the Alphonane.
1554 1576 Antwerp, from the Prutenic.
1577 1585 Tubing, from the Prutenic.
1586 1594 Venice, from the Prutenic.
1595 1600 Franckfort on the Oder, from the Prtenic.
1601 1640 Franchfort on the Oder, from the Tychome,
1641 1660 Bologna, from the Lansbergian.
1661 1700 Rome, from the Tychome.’

So far Ricciolus.

N. B. The cclipses marked with an asterish are not in Ric-
ciolus’s catalogue, but are supplied from L‘Art de vérificr les

Dates.

From the beginning of the catalogue to A. p. 1700, the time
is reckoned from the noon of the day mentioned, to the noon of
the following day : but from 1700 to 1800, the time is set down
according to our common way of reckoning. Those marked
Pekin and Canton are eclipses from the Chinese chronology ac-
cording to Struyk ; and throughout the table this mark @ sig-
nifies Sun, and this > Moon. )
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Before | Ldhipses of the Sun Middle. Digits
Christ. nndp::el‘oon seenat | ¥ Dy om ech;‘lled.
721 | Babylon » March 19 | 10 34 | Total.
720 | Babylon D |[March 8|11 56| 1 &5
720 | Babylon » D) [Nept. 110 18] 5 4
621 | Babylon D | Aprili 2118 22| 2 386
523 Bab} lon ) July 16|12 47| 7 24
502 | Babylon D [ Nov. 19|12 21| 1 52
- 191 | Rabylon » | April 23| 1¢ 12| 1 4%
431 | Atfens ¢ |Avg. 3| 6 35|11 0
425 ! Athens ) Oct. 9| 6 15| Total
42 \thens ] March 20 | 20 17 9 O
113 | \thens ) Aug. 27 ] 10 15| Total.
106 | Athens D Apnl 15} 8 40| Total
40+ | Athens vy | Sept. 2|21 12| 8 40
40 | Pehin A |Aug. 28| 5 53|10 40
394 | Gunide £ | Aug. 1322 17|11 O
3838 | Athens ) Dee. 22119 6] 2 1
382 | Athens D June 18| 8 54| 6 15
382 | Athens ) Dec. 12|10 21| Total.
564 | Thebes £ |July 12123 51| 6 10
357 | Syracuse £ Fb, 2601922 —| 3 38
837 | Zante )] Aug. 20| 7 29| 4 21
310 | Zante 0 [ Sept. 14|18 —| 9 O
331 | Arbela ) Sept. 2010 9| Total
310 | Mweily Island & |Aug. 14|20 5/[10 22
210 | Mysia ) Narch 19 11+ 5| Total
218 | Pergamos p) Sept. 1| Rising. | Total.
217 | Sardmnia G |Teb. 111 57 9 6
203 | Frusini Q |[May 6| 2 521 5 40
202 | Cumis 28 (Ot 18122 241 1 0
201 | Athens ) Sept. 22| 7 14| 8 58
200 | Athens ) March 19|13 9| Total.
200 | Athens ) Sept. 11 | 14 48 | Total.
198 | Rome ¢ |Aug. 6
190 | Rome £ | March18 |18 — |11 O
188 | Rome © |[July 6)20 38|10, 48
174 | Athens D |April 30|14 83| 7 1
168 | Macedonia D |June 21| 8 2| Total
141 | Rhodes D |Jan. 27|10 8| 3 26
104 | Rome © |July 18[{22 O0)11 52
63 | Rome D |Oct. 27| 6 22| Total
60 | Gibraltar € | March 16 | Setting. | Central.
54 | Canton & |May 9| 3 41| Total
51 | Rome & |Mach 7| 2 12| 9 O
48 | Rome ) Jan. 18 |10 0| Total
45 |Rome » |Nov. 4|14 —{ Total
36 | Rdme May 19| 8 52| 6 47
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Struyk’s Catalogue of Eclipses:
Before | Eclipees of the Sun Mddle. ™
Chnst. | and Moon seen at D lh o egl:'ud.
31 | Rome © | Aug. 20 | Setting. | Gr. Ecl.
29 | Canton Q |Jan. 5| 4 2|11 o0
28 | Pekin © |June 18 |23 48| Tetal
26 | Canton Q | Oct. 28| ¢ 16|11 15
24 | Pekin © |Apmt 7] 4 11] 2 o
16 | Pekin © |Nov. 1| 5 13] 2 8
2 | Canton © |Feb. 1|20 8|11 42
After
Christ. :
1 | Pekin © |June 10| 1 10|11 43
5 | Rome © |[Marches | ¢+ 13| ¢ 45
1t | Panonia p] Sept. 26 ] 17 15| Total
27 | Canton € |July 22| 8 50| Total
30 |Canton © |Nov. 18|19 20]{10 30
40 | Pekin €© |Apnl 30 5 50| 7 34
45 | Rome © |July 81|12 | 5 17
46 | Pekin € |July 21]2 25| 2 10
46 | Rome D I Dec. 31| 9 52| Total
49 | Pekin C |May 2| 7 10}10 8
58 | Canton © |March 8[20 42|11 (
55 | Pekin © JJuly 1221 5| 6 40
56 | Canton © |Dec. 25| 0 28] 9 ‘;’g
59 [Rome © |April 30| 3 8|10 !
60 | Canton © [(Oct. 13| 8 81]10 30
65 |Canton © |Dec. 15|21 50]|10 ¢3
69 | Rome ) |Oct. 18[10 48|10 19
70 | Cantors © |Sept. 22|21 13| 8 20
71 | Rome , D | March 4| 8 32| 6 o0
95 | Ephesus @ | May 21 -
125 | Alexandria Y |April 5| 9 16| 1 4%
133 | Alexandria ) | May 6|11 44| Total
184 | Alexandria D Oct. 20|11 5|10 19
136 | Alexandria ) March 5|15 56| 5 17
237 | Bologna © | April 12 Total.
238 | Rome (2] 1\A[]:ril 1|20 20| 8 45
290 | Carthage o 15| 3 20(11 20
804 | Rome )] Auz. 81| 9 86| Total
816 |Constantinople | €@ |Dec. 80|19 53| 2 18
834 | Toledo €@ | July 17 |At noen.| Central.
:643 Constantinople | € 2(:1:. 8|19 24 Cs (1)
I 2] . 27|18 0 |Central.
%60 |Abmiia | S |NeE 22|15 o5 |Tom
401 |Reme » |June 11 Total.
401 |Rome Y |Dec. 6]12 15| Total
402 | Rome  |June 1| 8 43|10 2
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After | Eclipses of the Sun Middle. Digi
Christ. nndp'..\v?m scen at M D g o enh';:l.
402 | Rome £ | Nov. 1020 33|10 30
117 | Compustello & [Dec. 28] 0 46| 1 —
431 [Compostello o D | April 1|16 34|19 52
451 | Compostello D [Sept. 26| 6 30| 0o 2
458 | Chaves ©.|May 2723 16|18 53
462 | Compostello » | March 113 2]11 1n
“46% | Chaves & |[July 19{19 1]10 15
484 |Cohstantinople | @ |Jan. 13| 9 53|10 o
486 | Constantinople | @ [May 19| 1 10| 5 15
497 |Constantinople | & | April 18| 6 5|17 57
412 | Constantinople | €@ [June 28123 8] 1 50
538 | England .. €& |Feb. 1419 — | 8 28
540 | London C [June 192 15| 8 —
577 | Tours D Dec. 1017 98 6 46
581 | Paris ) April 4|18 33| 6 42
582 | Paris D |[Sept. 17|12 41| Total
390 | Paris D Oct. 18] 6 80| 9 25
392 | Constantinople | € | March18 )22 6|10 o
Go3 | Paris € |Aug. 12| 3 38|11 20
(22 |Constantinople | D | Feb. 1] 11 28| Total.
G4 | Paris € [Nov. 5| 0 80| 9 53
680 | Paris 3 [June 17|12 80| Total.
(683 | Paris D | April 16 | 11 30| Total.
693 | Constantinople | € | Oct. 4|23 54|11 54
716 | Constantinople | D |Jan. 13| 7 — | Total
718 | Constautinople | €& |June 38| 1 15| Total
733 | England @ |Aug. 13|20 —~ |11 1
734 | Fngland D |Jan. 23|14 — | Total
752 | England D |July 30|18 — | Total
753 | England @ |[June 8|22 —~]10 35
753 | England ) Jan. 23|18 — | Total
760 | England € |Avwg. 15| 4 —] 8 15
760 | London D |Aug. 30| 5 50|10 40
764 | England & |June 4 |Atnoon.] 7 15
770 | Londen ) |Feb. 14| 7 12| Total
77¢ | Rome D | Nov. 22|14 37|11 58
784 | Londoh ) Nov. 1|14 2| Total
787 | Constantinople | & | Sept. 14 ({20 43| 9 47
796 | Constantinople { ) | March 27 | 16 22 | Total
800 | Rome ) |Jan. 15| 9 o010 17
807 | Angoulesme € |Feb. 10|21 24| 9 42
807 | Paris ) Feb. 25| 18 48 | Total
807 | Paris )] Aug. 21|10 20| Total
809 | Paris € [July 15|21 33| 8 8
809 | Paris ) Dec. 25| 8 — | Total
| 810 | Paris D |June 20| 8 — | Total
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Struyk’s Catalogue of Eclipses.
ARer | Eclipses of the Sun Middle. | Ingits
Christ. md"n?«n seen at M Dlg o ull)‘:od.
810 | Paris & | Nov. 80| 0 12] Total
810 | Paris D | Dec. 18] 8 — | Total
812 |Constantinople | & | May, 12| 2 13| 9 —
818 | Cappadocia Q [May 38|17 5| 0o 85
817 | Pars )] Feb. 5} 5 42| Totul
818 | Paris G |July G618 —| 6 33
820 | Paris p) Nov. 23} 6 206 ‘otad.
824 | Paris D March 18 | 7 65| Total.
828 | Paris D |June S0|15 ~— | Total
828 | Pars )] Dec. &4 |13 45 ] Tatal
831 | Panss D |Aprl B0 6 19|11 8
831 | Paris C [ My 15|28 — | 4 23
831 | Pans ) | Oct. 23111 15 ] Tutal
832 | Paris > {April 18} 0 o] Total
8340 | Paris & VMay el 2 9 <o
811 Paris (4] Oct. 17 {18 a8 5 2
842 | Paris h) March29 1 14 85| Total.
833 | Paiis ) March 19| 7 1| Tatal
861 | Panss ) Much2g {15 7| Towl
878 | Paris ) Ot 1t {16 — | Total
87 Parg & [ Oct. 29 1 — 11 1%
883 | Arracta > |July @] 7 a1 —
889 |Constantinople | € | Apnl 3|17 52| 9 23
801 |[Constantmople { & | Aug. 7|23 8|10 30
901 | Arracta h) Aug. 2115 7] Total
904 | Londun D | May 31 )11 37| Total
904 | London D {Nov. 25| 9 o Total
912 | London D |Jan. 6115 12| Total
926 | Paris ) March 31 | 15 17| Total.
934 | Paris C |April 16| & 30|11 36
939 | Paris © |[Juy 18|19 45|10 7
935 | Paris D [ Sept. |11 18| Total
061 | Rheims © |[May 16)20 13| 9 18
070 |Condstantinople | €@ | May 7|18 38|11 22
976 | London D> |July 13|15 7| Total
085 | Mesuna & (July 20| 8 52| 4 10
989 |Constantinople | € | May 28| G 5¢| 8 40
990 | Fulda  !April 12|10 22| 9 5
990 | Fulda D |Oct. 615 4| 1 10
990 |Constantinople | & | Oct. 21| 0 45(10 5
995 | Augsburg > |July 1411 27| Total
1009 | Ferrara Y |Oct. 611 38| Total
1010 | Messina ) March 18 5 41 9 12
1016 | Nimeguen €& | Nov. 16|16 39| Total
1017 | Nimeguen € [Oct. 22| 2 8] 6 ~—
1020 | Cologne D) Sept. 4|11 88| Total
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‘ Struy¥'s Calalogue of Eclipses. .
After | Iclipses of the Sun M;lz. Digits

Christ. andp;?oon scen at M. B p w | echped.
1023 | London & |Jm 23)23 2911 —
1030 | Rome )] Feb. 20 {11 43| Total.
1031 | Paris ,L > |Feb. 9|11 51 Total
10388 | Paris D Dee. 8|11 11| 9 17
103% | Milan D Jume 4| 9 8] Totul
1037 | Paris 3 | April 172 4510 45
T039 | Auxerre QG |Aug. 21|28 40|11 5
1042 | Ramne ) Jan. 8|16 39| Total
1044 | Auxerre D Nov. 7116 12|10 1
1044 | Cluny . & [ Nov. 21|22 12|11 —
105G | Nuremburg D [April 2|12 9| Total
1063 | Rome .- D Nov. 8|12 16| Total
107+ | Augsburg D Oct. 7110 13| Total
1080 | Constantinople ) Nov. 20111 12| 9 86
1082 | London )] May 14|10 82 (10 2
1086 | Constantinople | € Feb. 16| 4 7| Total
1080 | Naples > |[June 25| 6 G| Total
1093 | Augsburg L Sept. 22122 38510 12
1096 | Gemblours ) Feb. 10116 4| Total
1096 | Augsburg p) Aug. 6| 8 21| Total
1098 | Augsburg '3 Dee. 251 1 25]10 12
1099 | Naples D Nov. 30| % 58| Total
1108 | Rome ) Sept. 17|10 18 | Total
1106 | Erfurt D J llly 17111 28111 54
1107 | Naples » |Jan. 10|13 16| Total
1109 | Erfurt © |[May 31| 1 30|10 20
1110 | London D | May 5|10 51| Total
1113 | Jerusalem & |March18 |19 O] 9 12
1114 | London D |Aug. 1715 5| Total
1117 | Triers h) June 15|18 26| Total
1117 | Triers D Dec. 10]12 51| Total
1118 | Naples D Nov. 29|15 46| 4 11
1121 | Triers ) Sept. 27116 47 | Total
1122 | Prague ) March24 |11 20| 8 49
1124 | Erfurt » [Feb. 1| 6 43| 8 39
1124 | London € JAug. 10123 29| 9 58
1132 | Erfurt ) March 3| 8 14| Total
1133 | Prague D |Feb. 20|16 41| 8 <23
1135 | London ) Dec. 22|20 11| Total.
1142 | Rome ) Feb. 11|14 17 8 30
1143 | Rome p |Feb. 1| 6 36| Total
1147 | Avranches €& |Oct. 25]22 38| 7 20
1149 | Bary ) March 25 | 13 54 5 29
1151 | Eimbeck ) Aug. 28|12 4 4 29
1158 | Augsburg & Jan. 20 0 42,11 =
1154 | Paris D June 26|16 1| Total




ns OF ECLIPSES, CHAP. XVIIL

. Siruy¥'s Catalogue of Eclipsts.

After EK‘M Sun Middle. o
Christ. | and Mogn seen at N D u.‘ll n eclh)‘fnd
1154 | Paris D [Dee. 21| 8 50| 4 22
1556 | Avranches D |June 16| 8 45| 0 53
1160 | Rome > |Aug, 18| 7 33| 6 19
1161 | Rome D Aug. 7| 8 15| Total
1162 | Erfint D [Feb. 1| 6 40| 5 56
1162 | Erfurt D [July 27|12 30| 4 N
1163 | Mount Cassin @ |July 8| 7 40] 2 V|
1164 | Milan D |June 6|10 0| Total
1168 | London D | Sept. 18}14 0] Total
1172 | Cologne D | Jan. 11|13 31| Total
1176 [ Avranches D JApril 25 7 2| 8 6
1176 | Avranches D Oct. 19,011 20| 8 5%
1178 | Cologne D | March 5| Settng.| 7 52
1178 | Avranches D |Aug. 2913 52} 5 31
1178 | Cologne @ | Sept. 12 10 51
1179 | Cologne D | Aug. 18| 14 28| Total
1180 | Avranches @ |Jan. 28| 4 1¢]|10 34
1181 | Avranches S |July 18] 8 15| 38 48
1181 | Avranches D |Dec. 22| 8 58| ¢+ 40
1185 | Rheims G | May 1 1 53] 9 0
1186 | Cologne D |April 5] 6 — ] Total
1186 | Francifort CG |April 20 7 19 4 0
1187 | Paris D [Marchas |16 17| 8 42
1187 | England © |Sept. 3|21 54| 8 6
1189 | England ) |{Feb. 2|10 —| 9 —
1191 | England © |June 23| 0 20|11 32
1192 | France ) Nov. 20|14 —] 6 —
1193 | France D | Nov."10| 5 27| Total
1194 |London © |April 22| 2 15| 6 49
1200 | London D |Jan. 2|17 2| 4 85
1201 | Lohdon D |June 17]15 4| Total
1204 | England D | April 15|12 89| Total
1204 | Salzburg D | Oct. 10| 6 32| Total
1207 | Rheims @ |Feb. 27|10 50|10 20
1208 | Rheims > |Feb. 2| 5 10| Total.
1211 | Vienna ) Nov. 21|18 57| Total
1215 | Cologne D | March16 | 15 85| Total
1216 | Acre @ |Feb. 18|21 15|11 86
1216 | Acre D |March 5| 9 38| 7 4|
1218 | Damietta > |July 9| 9 46|11 31
1222 | Rome D | Oct. 22|14 28| Total
1223 | Colmar D | April 16| 8 18|11 O
1228 | Naples © |Dec. 27| 9 55| 9 19
1350 | Naples ©@ |May 13|17 — | Total
k}m London D INov. 21|18 21| 9 34
1232 | Rheims @ |Oct. 15| 4 29| 4 25
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Struyk's Catalogue of Eclipses.

Afier | Fclipses of the Sun Middle Digi

Christ. :ndp;i'om seen at M. D g om edI‘;:l.
1245 | Rheims © (July 2417 47| 6 —
1248 | London > |June 7| 8 49| Total
1255 | London D (July 20| 9 47| Total
1255 | Constantinople | € | Dec. 30| 2 52 | Annul
1258 | Augsburg D | May 18|11 17| Total
1261 | Vienna © |March31{22 40| 9 8
1262 | Vienna > | March 7| 6 50| Total
1262 | Vienna > | Aug. 80|14 39| Total
1268 | Vienna i Feb. 24| 6 52} 6 29
1263 | Augsburg & lAug. 5| 8 24|11 17
1263 | Vienna D |Aug. 20| 7 8| 9 7
1265 | Vienna D | Dec. 23]16 25| Total
1267 | Constantinople | € | May 24 |23 11|11 40
1270 | Vienna £ [March22 [ 18 47|10 40
1272 | Vienna > |Aug. 10| 7 27| 8 58
1274 | Vienna > Jan., 23|10 89| 9 25
1275 | Lauben ) Dec. 4] 6 20| 4 29
1276 | Vienna D | Nov. 22|15 — | Total
1277 | Vienna D | May 18 Total.
1279 | Franckfort & |April 12| 6 55|10 6
1280 | London D March 17 | 12 12 | Total
1284 | Reggo ) Dec. 28|16 11 9 13
1290 | Wittemburg £ [Sept. 5{19 87|10 30
1291 | London ) |Feb. 14|10 2| Total
1302 |Constantinople { ) [Jan. 14|10 25| Totak
1307 | Ferrara & |April 2|22 18| On 54
1309 | London )] Feb. 24|17 44| Total
1309 | Lucca D Aug. 21|10 32| Total
1310 | Wittemburg @ [Jan. 31| 2 2|10 10
1310 | Torcello > |Feb. 14| ¢ 8|10 20
1810 | Torcello D |Aug 10|15 83| 7 16
1312 | Wittemburg © |July 4|19 49| 8 23
1312 | Plaisance ) Dec. 14| 7 19| Total
1318 | Torcello D |[Dec. 38| 8 58| 9 34
1316 | Modena D [Oct. 1]14 55| Total
1821 | Wittemburg ¢ (June 25|18 1|11 17
1323 | Florence D> |May 20|15 24| Total
1824 | Florence D May 9| 6 8 Total.
1824 | Wittemburg €& |April 23| 6 85| 8 8
1327 |Constantinople | » | Aug. 81|18 26| Total
1328 | Constantinople | p | Feb. 2513 47|11 —
1830 | Florence y |June 30|15 10| 7 34
1890 | Constantinople | @ |July 16| 4 5|10 43
1330 | Prague 9 |Dec. 25|15 49| Total
1831 | Prague © |Nov. 29|20 26} 7 41
1331 | Prague 9 |Dec. 1418 — |11 —




OF ECLIPSES.

CH. XVIIIL
Struyk's Catalogue of Eclipses.

After | Ficlipnes of the Sun Mudle. | Ingits

Christ. | and Moun seen at R ]:J::ud
1333 | Wittemburg O |May 14| 3 — |10 18
1384 | Cesena D [ April 19| 10 33| Total
1311 | Constantinople | D | Nov.e 28 | 12 23| Total.
1341 | Constantinople | 3 [ Dec. &, 92 15| 6 s0
1342 |Constantmople | D [ May 20| 13+ 27| Total
1344 | Alexandria f Oct. G|18 0] 8 53
1349 | Wittemburg D [ June 5012 20| Total

1354 | Wittemburg F [ Sept. 16 (20 5] 8 13
1356 | Florence D | Feb. 16]11 33| Totl

1361 | Constantinople | © | May 4|22 15| 8 5
1367 | Sicnna » [Jan. 16| & ¢7 | Total

1389 | Eugibio Y | N 3117 o] Totl

1896 | Augsburg € (Jan. 11| 0 16] 6 w2
1396 | Augsburg Y {June 21|11 10} Total

1399 | Forh Q [Oct. 20 0 43| 9 —
1306 |[Constantinople | > |June 1|19 — |10 31
1806 | Constantinople | € |[June 15 18 1|11 38
13408 | Foili Q [Oct. 18|<1 17| 0 42
1409 | Constantinople | ry | April 15| 8 1]10 8
1410 | Vienna ) March 20 | 13 13| Total.

1415 | Wittemburg O |June G| 6 2 lotal

1419 | Franckfort Q | Mauch25|22 5| 1 15
1421 | Forli b} Feb. 17| 8 ¢ Total
1422 | Fali ) Feb. 6] 8 2|11 7
1424 | Wittemburg © |June 20 3 5711 20
14381, | Forli ¢ |Feb. 121 2 4| 1 49
1438 | Wittemburg ¢ |Jue 17| 5 — | Total

1438 | Wittemburg 3 |Sept."18[20 59| 8 7
1442 | Rome » | Dec. 17| 8 56| Total

1448 | Tubing @ | Aug. 2822 23| 8 63
1450 | Constantinople | > |July 23| 7 19| Total
1457 | Vienna > {Sept. 3]11 17| Total
1460 | Austria D> [July 8| 7 31| 5 23
1460 | Austria G |July 17|17 s2(11 19
1460 | Vienna D | Dee. 27118 30| Total
1461 | Vienna Y |June 22|11 50| Total
1461 | Rome Y | Dec. 17 Total.
1462 | Viterbo D |June 11|15 —| 7 38
1462 | Viterbo € [(Nov. 21| 0 10| 2 6
1464 | Padua » April 21 [ 12 43| Total
1465 | Rome £ |Sept. 20) 5 15| 8 46
1465 | Rome D |Oct. 4| 5 12| Total
1469 | Rome D |(Jan. 27| 7 9| Total
1485 | Nuremburg € | March16]| 38 53|11 —
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All the following Eclipses arc taken fiom Ricciolus, except those
ed mith an Asterisk, whick are from L' Art de vérifier les Dates.

Afte r * Mi . .
Christ. . b. n.m:. g
1186 )] February 18 5 41 Total.
1186 |, {3 March 5 17 438 9 O
1487 > February 7 15 49 Total.
1487 o July 20 2 6 7 O
1188 )) January 28 6 — .
1188 G July 8 17 30 4 0
1489 D | December 7 17 41 Total.
1490 O May 19 Noon. b
1400 D June 2 10 6 Total.
1190 ) November 26 18 25 Total.
1101 ¢ March 8 2 19 9
1191 ) November 15 18 — *
1192 0 April 26 7 - .
1192 Q October 20 28 — .
1199 ) April 1 14 0 Total.
1493 (% October 10 2 40 8 O
1192 C March 7 4 12 4 0
1194 )} March 21 1+ 38 Total.
1194 )] September 14 19 45 Total.
1405 ) March 10 16 — .
1405 8 August 19 17 — .
1196 ) January 29 14 — -
1197 ] January 18 6 38 Total.
1497 s July 29 3 2 8 o0
1499 ) June 22 17 — *
1199 U August 28 18 — .
1499 ) November 17 10 — .
1500 | € March 27 Inthe | Night
1500 ) April 11 At Noon.
1500 ) October 5 14 2 10 0
1501 ) May 2 17 49 Total.
1502 &) September 30 19 45 | 10 O
1502 > October 15 12 20 2 0
1503 ) March 12 9 — .
1503 (&) September 19 22 — .
1504 )] February 29 13 36 Total.
150% & March 16 3 — .
1505 ) August 14 8 18 Total.
1506 )] February 7 15 — .
1507 & July 20 3 11 2 0
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Ricciolus’s Caialogue of Eclipses,

Afer Middle. Dygits
Chrst. x D. B echipaed.
1506 b} Avgust s 10 — s .
1507 | © | January 12 19 — *
1508 O January ? 4 - .
1508 1] May 29 6 ~— .
1508 > June 12 17 40 Total,
1509 D June 2 11 11 7 0
1509 O November 11 22 - .
1510 | D October 16 | 19 — |, *
1511 )] October 6 11 50 Total
1512 ) September 25 3 56 Total.
1513 (2] March 7 0 30 6
1518 v July 30 1 — .
1515 )] January 29 15 18 Total.
1516 b4 January 19 6 o Total.
1516 ] July 18 | 11 37 Total.
1516 ] December 23 8 47 3 0
1517 O June 18 16 — .
1517 )] November 27 19 — .
1518 )] May 24 11 19 9 11
1518 | O | June 7117 5, 11 o
1519 o) May 28 1 — »
1519 (0] October 28 4 38 6 o
1519 ) November 6 6 24 7T otal.
1520 D May 2 7 — .
1520 | O | October 11 5 e 8
1520 b4 October 25 19 — .
1520 > March 21 17 — .
1521 o Apnl 6 19 ~— .
1521 o Septemher 30 8 — .
1522 ) September 5 12 17 Total.
1523 )] March 1 8 26 Total.
1523 D) August 25 15 24 Total,
1524 O February 4 1 — .
1524 ] August 16 | 16 — .
1525 O | January 23 4 — .
1525 ) July 4 10 10 Total.
1525 D December 29 10 46 Total.
1526 ) December 18 10 30 Total,
1527 | © | January ¢ 3 — .
1527 ] ber 7 10 — .
1528 © | May 17 | 20 — .
1529 )] October 16 | 20 23 | 11 55
1580 o March 28 18 23 8 24
1530 ] October 6 12 11 Total.
1581 | » | April 1 7t — .
1532 [¢] Auﬂ 30 0 49 3 8




GX. XVIII, 7 e xoLirds.
Ricciolus’s Catalegue of Eclipees.
After Middle Digits
Christ. x . B . | Eciped
1583 )] August 4 11 350 Total.
1533 | O | August 19 | 17 — .
158 | © | January 14 1 42 5 45
1534 D) | Janftary 29 | 14 25 Total.
1585 O June 30 Noon. .

4 1535 D July 14 8 — .
1585 o] December 24 2 = o
1536 (o] June 18 2 2 8 O
1536 ) November 27 6 21 10 15
1587 D> | May 24 8 38 Total.
1537 o June 7 8§ =— *
1537 )] November 16 14 56 Total
1538 ) "May 13 14 24 3 ©0
1538 D November 6 5 81 3 87
1539 | © | April 8 4 33 9 0
1540 o April 6 17 15 Total.
1541 > March 11 16 34 Total.
1541 O August 21 0 56 8 o
1542 > March 1 8 46 1 38
1542 o] Aug'ust 10 17 = hd
1543 > July 15 16 — .
1544 p) January 9 18 13 Total.
1544 o January 28 21 16 11 17
1544 )] July 4 8 31 Total.
1544 ) December 28 18 27 Total.
1545 o] June 8 20 48 3 45
1545 )] December 17 18 — *
1546 | © + May 30 5 — .
1546 o) November 22 28 — hd
1547 ) May 4 10 27 8 o
1547 d October 28 4 56 11 384
1547 D November 12 2 9 9 30
1548 | @ | April 8 8 — .
1548 | » | April 22 | 11 24 Total.
1549 )} April 11 15 19 2 0
1549 ) October 6 6 — .
1550 o] March 16 20 — .
1551 ) February 20 8 2t Total.
1551 Q August 31 2 0 1 52
1558 | @ | January 12 | 22 54 1 22
1553 © July 10 7 — .
1558 D July 24 16 O 0 31
1554 (0] June 29 6 — .
1554 )] December 8 18 7 10 12
1555 ) June 4 15 0 Total,
1555 o] November 13 19 =— .
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Ricciolus's Catalogue of Filipses.

CH. AVIIIL

After Middle n
Chrnt. u p un -« l.chf:::d
1550 - \November 1 I O 0 #1
1530 ) November 10 12 b4 O 9
1557 Octobar 20 1] p— .
1558 ) Apuil e 111 o 9 50
135% Apnl 1% 1 — .
1559 > Apul 10 1 0 Total
1300 p] March 11 15 10 + 13
1560 August g 1 — b 22
1560 ) Septambea T — .
1501 Februuy 13 10 — *
162 Ichruary 3 5o *
1562 D July 1) 1, 50 Total
150, Januuy 22 19 — d
14500 Tune 20 + ) 8
103 p) July 5 S % 11 b
1505 ¢ March 7 12 53 ——
1505 ) May 1t 10 — .
1505 D November 7 12 10 11 40
1000 D October 28 5 b Total
1367 'y Apnl 8 Q3 ¢ O 3t
13567 p) October 17 1, 1> 2 N
1506 iy March 28 5 — *
13500 D March 2 1, In Tot
1570 » February 20 5 10 Totl
1570 b} Aungust 1, 9 17 Total
1571 { Januuy 235 t — .
1572 '3 Januuay 1t 19 — hd
1572 ) Juue 25 9 0 5 20
1573 June o8 16 — .
1573 Novamber ¢4 | — ¢
1573 ) Dccamber 6 0 1 Total
1,74 November 13 % 50 5 21
1575 May 19 8 — 6 0
1573 November 2 5 = *
1576 ) October 7 9 13

1577 ) April 2 8 Total
1577 ) Scptember 26 13 & Total
1578 ) September 15 13 4 2 20
1579 . Febiuary 15 5 M 8 30
1579 o August 20 19 0 b
15%0 ) January 381 10 7 Total.
1581 ) January 19 9 22 Total
1581 ) July 15 17 51 Totul
1582 > January 8 10 29 0 53
1582 W June 9 17 5 7 5
1556% ))) November 28 21 51 Total




¢N, XVIIL oF XoLtbsks,
Rictiolus's Casalogue of Eclipees.

Afrer Middle. Digits
Chrst. . B, IRV eclipaed.
1584 | Q | May 9] 18 2 3 36
1584 ) November 17 14 15 Total.
1585 O Appl 29 7 58 1 7
1585 ) May 13 5 9 6 54
1586 ) September &7 8 — .
1586 C October 12 Noon. .
1387 D |, September 16 9 28 10 2
1588 |* ¢ l'ebruary 26 1 23 1 3
1588 > March 12 14 14 Total.
1588 )] September 4 17 30 Total.
1589 Q August 10 18 — .
1589 D |..August 25 8 1 3 45
1590 e February 4 5 = .
1590 ) July 16 17 4 3 54
1590 ] July 30 19 57 10 27
1591 )} January 9 6 21 9 40
1501 > July 6 5 8 Total.
1501 | O | July 20 4 2 1 0
1591 )] December 29 16 11 Total.
1502 )] June 24 10 13 8 58
1592 » December 18 7 24 5 54
1598 | & | May 30 2 30 2 38
15904 & May 19 14 58 10 28
1594 ) chlber 28 '11‘9 15l Fg 40
15905 0] Apn 9 er. de en
1595 ) April 24 4 12 Toglo'
1595 | @& | May 7| 22 — -
1595 | ¢ | October 3 2 4 5 18
1595 ) October 18 20 47 Total.
13506 (%] March 28 In Chili.
1396 ) April 12 8 52 6 4
1596 (3] September 21 In China.
1596 » October 6 | 21 15 8 33
1597 © March 16 St. Pet. Isle.
1597 & September 11 Picora. 9 49
1698 | ) february 20 | 18 12 | 10 55
1508 | ¢3 | March 6 | 22 12 | 11 57
1598 by August 16 1 15 Total.
1598 [ August 31 Magel. 8 34
1599 ) February 10 | 18 21 Total.
1599 | e | July 22 4 31 8 18
1599 ) August 6 Total.
1600 © | January 15 Java. 11 48
1600 ) Jan 30 6 40 2 58
1600 | e { July 10 2 10 5 39
1601 p () January 4 Ethiop. .| 9 40

VOL I.




oF ECLIPSES. CH. XVITL
Ricciolus's Catalogur of Eclipser.
Afeer Middle. th
Christ. N . Mo M. F.dl):;i-«L
1Go1 > June 15 6 18 4 52
1603 Q June 29 China. 4 29
Hjo1 )] December 9 7 6 10 58
10 | © December 2% 2 46 9 52
1602 v May ° 21 Greenl. 2 41
1602 )] June 4 7 18 Total.
1602 o June 19 N. Gra. 5 43
1602 ® November 13 Magel. 3 —
1602 )] November 28 w2 Total.
1603 ¥er) May 10 China. 11 2l
1603 » May 28 11 41 7 59
1603 @ November 3 Rom. 1. 1 17
1603 D November 18 7 81 3 26
1604 o April 20 Arabia. (VI
1604 o October 22 Peru. 6 49
1605 )] April 3 9 19 11 49
1605 o April 18 Madag. 5 31
1605 > September ©7 4 97 9 26
1605 @ October 12 2 92 9 <
1606 L) March 8 Mexico. 6 o
1606 » March 24 1n 17 Toal.
1606 | @ | September 2 | Magel 6 40
1606 (] wber 2 Magel. 6 1w
1606 ) September 16 15 6 Total.
1607 o February 23 21 48 1 14
1607 ? March 13 6 36 1 22
1607 o September 5 5 40 1 7
1608 ] February 15 At the Antipo.
1608 D July 27 0 30 1 38
1608 /] August 9 4 39 0 40
1609 D Jan 19 15 ¢1 10 32
1609 O February 4 Feugo. 5 922
1609 o July 16 12 8 Total.
1609 > July 30 Canada. 4 10
1609 o December 26 19 — 5 50
1610 )] January 9 1 381 Totgh
1610 Lo June 20 Java. 10 46
1610 X July 5 16 58 11 13
1610 © December 15 Cyprus. 4 50
1610 ) ] December 29 16 47 4 23
1611 o) June 10 Califor. 11 30
1611 > May . 14 10 38 7 22
1612 (] May 29 23 38 7 14
1612 )] November 8 I ] 9 49
1612 o November 22 Magel. 9 0
16138 April 20 Magel laniea.




v p’-.m"m-. )

CH. XVIIL
Ricciolus's Cotalogue of Eclipses.

After Middle. Digits
Chrst. . D. JH. M. eclipeed.
1618 ) May 4 0 35 Total.
1613 | 2 | May 19 East | Tartary.
1613 | © Octgber 18 South | America.
1618 D October 28 4 19 Total.
1614 | & April 8 | N.Gai. 8 44

| 1614 D April 23 17 36 5 25
1614 | © October b} 0 57 5 2
1614 | D October 17 4 38 4 56
1615 L&) March 20 Goa. 10 384
1615 Q September 22 Salom | Isle.
1015 )] March 3 1 58 Total.
1616 | ¢ | _March 17 | Mexico. |- 6 47
1616 D August ‘26 15 33 Total.
1610 ) September 10 Magel. 10 33
1017 | @ Februmy 5 Magel | lanica.
1617 ) kebruary 20 1 49 Total.
1617 O March 6 22 -
1617 | € | August 1 | Biarmia. | *
1617 D August 16 8 22 Total.
1618 | © January 16 Magel | lanica.
1018 > February 9 3 20 2 57
1618 o July 21 Mexico. | ———
1619 | @ | January 15 Califor | nia
1619 | D June 26 | 12 40 5 10
1619 | €& | July 11 | Africa. | 11 3p
19 | © December 20 | 15 58 | 10 47
1020 d May 31 Arctic | Circle.
1620 D June 14 13 47 Total.
1620 | © | June 29 | Magel 7 20
1020 ) December 9 6 39 Total.
1620 | & | December 23 Magel { lanica.
1621 | @ May 20 | 14 54 | 10 44
1621 D June 3 | 19 42 9 53
1621 | © November 183 Magel | lanica.
1621 > November 28 15 48 3 28
122 | @ May 10 | C.Verd. | 11 58
14("322 ? Izg:lelmber 2 | Malaeca | In.
1623 i 14 7 19 | 10 358
1623 | © | April 29
1623 | 2 October 8 | .0 29 8 35
1623 | @ | Octobet 28 | Califor. | 10 46
1624 | € May 18 | N.Zem. 6 o
1624 » April 3 |«7 9 Total.
1624 | @ April 17 Antar. | Circle.
1624 | © September 12 M lamica.
1624 |o D | September 26 8 55 Total,
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Ricoiolus's Catalogue of Eclipsss. .

Abw Middle Digws
Chlat, * L. A% echpaed.
1635 ] March 8 | Florida.

1625 D March 23 14 1 2 11
1685 (o) September 1 | St. Peter's| Isle.
1625 )] Semer 16 1 41 5 6
1626 | © | F 25 | Madag. 8 27
1626 d August 7 7 48 0 g5
1626 .| © August 21} In Mexico.
1627 pJ January 30 11 88 |- 10 21
1627 [ ] F 15 Magel | lanica.
1627 ) July 27 | .9 4 Total.
1627 ] August 11 | Tenduc. | 10 ©
1628 Q January 6 | Tenduc 5 40
1628 D January 20 10 11 Total.
1628 | 2 | July 1 | C Good | Hope
1628 | O | July 16 | 11 26 | Total
!g:: 'i JDeecmbcr 25 In En land,

1 aneary 9 1 4 27
1629 | & | June 1] Gange. | 11 25
1629 | @ | December 14 Peru. 10 14
1630 > | May 25 | 17 56 6 o
1630 ? June 10 7T 47 9 8
1680 November 19 11 24 9 27
1650 | ® 8 | N.Guin. | 10 10
1631 o A 80 Antar. | Circle.
263}% > | May 15 8 15 Total.
3681 | ® | October 14 | C.Good. | Hope.
oo | & | Ao 1 | ¢%ood. | Hoper
b1 ] 19 . .
1632 ) May 4 1 24 ?es.s
1682 ® | October 18 | Mexico. 8 37
1682 » Qctober 17 | 12 23 5 381
1633 Lo April 8 5 14 4 80
1683 | ©@ | October 3 | Maldiv. Total.
1634 > March 14 9 85 11 18
1684 [' @ | March 28 | Japan. 10 19
1684 )/ September 7 5 O Total.
1634 L] sm ge | GG H. 9 54
1635 | @ | Fo 17 Antar. | Circle.
1685 ) March L] 9 26 Total.
1685 © | March 18 | Mexico. o 16
1685 | © | August 12 | Iceland. 5 0
1685 ] August 27 | 16 4 Total.
1606 | @ | Februawry 6 In | Peru
1636 > February 20 | 11 34 3 23
169 { © | Avugust 1| 7T .| 11 20
696 | » | August 16 4 84 |1 25
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Ricciolus's Catalogse of Eclipees.

[ At Midlla | Dign
Chrst, x o " N eclipaed.
1687 ® | January 26 Cam | boya.
1687 € | July 21 | Jucutan.

1037 D] December 31 0 44 10 45
1638 @ January 14 Persia. 9 48

] 1238 g ‘.;ure 25 Qg' 17 Total,
1638 uly * 11 9 &
1638 D December 5 { l:‘;:l. 2 10
1638 ) December 20 15 16 Total.
1639 4] January 4 | Tartary. 0 30
1639 | © | Jone 1 5 29 | 10 00
1639 )] June 15 2 41 11 9
1639 © | ~November 24 Magel 11 0
1639 )} December 9 11 57 8 46
1640 | o May 20 | N. Spa. 10 30
1640 ® November 13 | Peru. 2 10 86
1641 ) April 25 1 0 9 49
1641 ® | May 9 Peru. 10 16
1641 ) October 18 8 19 6 31
1641 o November ¢ 18 46 :
1642 o March 30 | Estotl. 4 0
13‘42 ] April 14 1;‘ ngsoll Total.
1642 | @ | September 25 lanica.
1642 ) October 7 16 45 Total.
1643 Qo March + 19 13 53 —
1648 | D i 8 | 21 10 s 9
1243 ? ::: 12 17 © --6-—--
1643 Septem 27 7 88 0
1244 g lAlu'ch , 8 6 20 | ——
1644 ugust 18 18 10 ———
1645 ] February 10 7 45 8 52
1645 | @ | Februsry 26 { Rom.1. | 10 46
1645 ) August 7 2 4 Total.
1645 | @ | August 21 0 85 4 40
1646 (o] January 16 Str. of | Anian.
1646 ] Janusry 30 | 18 11 Total.
1646 ® July 12 6 67 | ——
1646 | D July 27 6 2 | Total
1647 ® January 5 12 10 | =
1647 D January 20 9 43 4 &
1667 | O December 25 | 18 38 | s
1648 " d June ] 0 455 4 28
1648 o June 20 13 28 —
1648 )] November 29 19 17 7 0
1648 | O December 18 | 21 48 | wteeeee
1669 [ ) May 25 | 15 %0 Total.
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Ricciolus’s Catalugue of Eclipses.
Afer
Chnst. e o !?.Mdl:. e:hm
1649 L] June 9 | Arct.C. 4 0
1649 0 November 1§ 2 10 3 1y
1649 > November 18 19 56 TatAl,
1650 | © | Apnl 30 3 5%
1650 ) May 15 8 97 787
1650 | © October 2% 17 17 | e—
1650 | ¥ | November 7 | 20 29 i '8
1651 5] April 19 Tulnr
1G51 O October 1% 2 15
1652 d March 2 106 52 8 50
1652 Q | Apnl 7 22 30 9 o
1652 )] September 17 7 97 9 49
1652 Q October 9 5 ¢ —
1653 3] February 2 >
1653 ) March ) 1Y 17 9 Total.
1658 O August 29
1653 ) September 6 | 23 45 Total
1654 | ©& | February 16 9 10
1654 ) March ] 19 25 3 1t
1654 @ | Augut 11 g2 24 2 o8
1654 d August 27 11 40 1 53
1655 | © | February 6 2 87 20
1655 (e August 1 1+ 1Y
16535 )] August 16 16 — ¢
1656 ) January 11 9 4] 10 o0
1656 )] July 6 8 17 Total.
1656 (&) July 21 11 48
1656 > Dccember 30 | 23 30 Total.
1657 o June 1 11 20
1657 D June 25 9 385 ‘otal.
1657 (%] Deckmber 4 | 20 O
1657 )] December 20 7 47 3 9
1658 | © | May st | 16 0 | =——
1658 D June 14 | 22 58
1658 ) November 9 | 13 56 0 10
1658 © November 24 11 86 | ——
1659 > May 6 8 84 8 5
1659 | & | May 20 | 17 4 | ——
1659 ? Octoher 29 16 16 5 52
1659 | © | November 14 4 23 9 51
1660 » April 24 | 21 58 Total.
1660 | © | October 3 | 22 34 |-
1660 > October 18 0 32 Total.
1660 © November 2 13 18
1661 O March 20 | 22 32 | cop—
1661 » April 11 88 28 | e
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Rucciolus’s Catalogne of Eclipses.
After ’ Midale. igits
Chist. x. D -.iul; ediD;d.
1661 © | September 28 [ 1 36, 11 19
lggl é, gctol;ler 7 14 51 7T 4
1662 arc 19 15 8 —r
1662 | & | ApfMl 12 1 8 | we—eem
1663 D February 21 16 11 3 14
| 1663 © | March 9 5 47 | se—
1663 )] August 18 8 45 Total.
1668 |« @ | Septbmber 1 8 8 | mee
1664 | @ | Jenuary 27 | 20 40 | ——
16644 | D Fgbruary 11 3 16 | ———
166 | © | July 22 14 48 -
1664 | @ | Auvgust 20 | 22 10 | e———
1665 Y | “January 30 18 47 S 34
1665 @ | July 12 7 48 | e————
1665 )] July of 13 81 0 10
1666 |. @ Janu 4 el 33 R
1666 | @ | July 1 19 0 | 11 10
1667 ) June 5 Noon. o
1667 & | July g1 g 32 | —
1667 (o ] November 15 11 80 —
1668 | @ | May 10 | Setting,
1668 ) May v 25 16 26 9 82
1668 | € | November 4 2 53 | ‘9%50
1668 ) | November 18 3 54 6 45
1669 | & April 29 18 18
1669 o October 23 10 13 r—
1670 (o] April 19¢ 7 N ——
1670 & September 10 19 0 | oo
1670 D September 28 15 43 9 7
1670 [ o] October 18 12 5 | ——
1671 & April 8 28 29 —n
1671 © | September 18 | 21 25 | ———
1671 ) Sm 4] 7 44 Total.
1672 ® | F 28 3 38 | ——
1672 » March 13 $ 17 | ——
1672 © | Avgust 44 6 43 e
1672 » | September 6 | 1B 54 | ——
1678 © | February 16 7 29 | =——
1678 O |vAugut 22 | 21 44 | e——
1674 b} January 21 18 22 11 21
1674 [ o) Februwy 5 9 4 ——
1674 | D | July 17| 9 40 | Total
1675, ) Jannary 11 8 29 Total.
1675 ® | January 25 10 86 | ———
1675 b July 6 16 31 Total.
1676 J s | June 10 21 26 434
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Ruociglus’s Catalogue of Eclipses. \
Afer Middle. Digits
Christ. . B. n eclipsed.
1676 b ) June. 25 6 26 —_—
1676 Q December 4 | 20 52
lm s Noverber 24 12 5
! > May 16 16 25 8 15
1678 | > | May 61 5 30 | ——
1678 )] October 29 9 17 Total. |
1679 o April - 10 | 21 0 | ———
1679 ) May 25 11 53 5 47
1680 (4} March 19 | 23 22
1680 ) September 22 T 687 ——
1680 » March 4 Nooun.
1681 o March 29 13_ 48
1681 » August 28 | 15 22 | 10 35
1681 | @ | September 1l 15 43
1682 ) February 21 12 28 Total.
1682 ? Auvgust 17 18 56 Total.
1683 0 Janvary 27 1 35 10 30
41688 Y Februwry 9 38 389
1683 Y August 6 20 36 —
168¢ | @ | Jesnuary 16 6 34
1684 ) ) June 26 15 18 1 85
16 @ | Juy 12 4 26 | Total
1684 ) December 21 11 18 9 45
1685 4] January 4 16 0
1685 » June 16 6 0
1685 > December 10 11 26 Total.
1686 | @ | Mey ' 91 | 17 9
1686 » June 6 Noon. —
1686 » November 29 | 12 22 Total.
1687 Q May 11 1 — .
1687 > May 26 14 — .
1687 > April 15 7 4 6 49
1688 | @ | Apri 29 | 16 e7
1688 » October 9 Noon.
1688 o October 25 19 40 | ——
1689 > April 4 7 Total.
1689 » September 28 15 40 Total.
1690 (] March 10
1690 ) March 24 11° 14 5 43
1690 (2] September 3
1690 | > September 18 2 42 | ——
1691 o February 27 17 80 | ————
1691 © | August 23 5 51 —
1692 ) Fel 2 3 20 —_—
1692 (4] February 16 17 31 —
1692.1 ) July 27 | 16 9 | <Total
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Ricciolus's Catalogwe of Eglipacs.
After Middle, Digits
Christ. ». . H oM echipsed.
1694 ) Jan 21 17 25 Total.
1693 ) July & 17 Noon. —
1694 ) Jaguary 11 Noon.* | e
169% O June 22 4 22 6 22
1604 » July 6 13 51 0 47
1605 (2 May 11 6 3
1695 ) May 28 Noon.
1605 b)) November 20 8§ O 6 55
1693 Q Décember 5 17 7
1606 | D> | May 16 | 12 45 | Total
1640 ) May 30 | 12 56 | ———
1696 D |. November 8 17 80 Total.
1696 (9] November 23 17 32 —
1697 (] Apnil 20 14 382 —_—
1697 ) May 5 18 27 —
1697 )] October 29 8 41 8 54
1698 & Apnil 10 9 18 | ———
1698 L% October 3 15 29
1699 ) March 15 8 14 9 7
1699 (o] March 30 2 0 | —
1699 )] September 8 23 29
1699 O September 25 22 88 9 58
1700 ) March 4 20 11 —_—
1700 ) August 29 1 42

[ ]
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The Eclipses fram Styuyk were observed ; those from Ricciolug
calculated : the following from L'Art de verifier les Dales, are only
thase which were visible in Europe last century : those w hich are
$otal are marked with & T'; and M signifies morning, and 4 after-
fhoon.

‘h
»
Fisible Fclipses from 1700 to 1800,

*
After 'Momlu lml"l'mwof thef After Months u:{l‘mu- of the
Chnat, duys. y or night} Chrast. davs , day ormghn
1701 | » 2211 o 1729 D [Aug 54 1w
1708 | Y 87 M 1730 | 7 [Feb. s m
1708 § D 201 T M. 7. f 1731 | D [June 40 2 M
1703 » 23 7 w7 § 1732 | D Dec. 110 T
1706} D 11 7w, 1783 [ ™May 13 7 a
1706 | ) 28| 2 n. 173% | D [May 28 7 a
1706 { € 12110 M. 1785 | D |Oct. 21
1061 Y 21 7 A. 1786 | ) I:Vlnrch WL A7
1707 | D 2 f 1756 D dept 20/ 3 w1
1708 | 6 m 1786 | @ [Oct. 1 6 a
1708 | ™ 8 n 1737 | @ March 1 4 A
1708 | D 9 a 1787 1D Sept. 9 t M
1709 | © 2aA J1738 | Aug. 1511 m
1710 | D 1A 1730 | D Jam. 2411 A
1710 | O 1 A l 1739 | © Aug. ¥ 51
1711 | £ 8 A 1739 | © Dee. 30, 9 w.
1|y %6 AT f17407 D [Jan. 1511 A7
AT R 8a 1741 ] D {Jan l' 2 A
ms|oy ! 6a [1743| ) [Nov. 2l 3w
1718 | ) | 4 m 1744 | > lAug. 269 a
1715 | © 9mrf 1746 | D lAug. 3012 a
17151 » 5 M 1747 () Feb. 14 5 m. 1.
q717 | D 3 1748 [ @ [July <511 w
17171 2 6 A 1748 | D ,Aug. 812 A
1718 1 ) SAar[IT49] ) lDec. 3 8 a
1719 | > 94 | 1750 | @ lan. ;’91
1721 1 ) 3 A 1750 | D [June 19 9 A. 7.
1722 | D 8 M. 1750 | 9 [Dec. 13/ 7 m
1 © 3 A 1750 { ) UJune 9l 2 M
1722 1 Y 4 A. 17511 D [Dec, 2[10 m.
1724 | © Tar 1752 | @ May 13 8 A
1724 | D 4N 1758 | D |April 17] 7 A
1785 | » 7 A 1753 | €3 Oct. 2610 M.
1726 | © 6 A 1755 | D [March 28] 1 .
1726 | » 5n 1757 | D |Feb. 6 u
1727 | & 7 M 1757 1 D (huly 30'1'3 A
1720 | » 9A T p1758 | D Uan. 24 7 m. 1.
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] « L]
Visible Ec?,pmfml 1700 (o 1800.

Afwr Months andfTrme of the Aber Timg of
Chnst, days. Christ. o
1758 | €% Dee. 300 T ™ 17791 ) 5 n 7.
1759 | 2 June 24 %A 1779 | @ 8w
17991 & [De. 19] 2 1779 | D [Nov. 231 8 a

L1700 1 D [May 290 7 2 1780 | © |Oct. 27| 6 a
17 Y Mune 141 9 N 1780 | D . 4 M
1700 | 2 |Nov. 22 9 A 1781 | O 23 6 a
1761 | D “|May 1811 a7 | 1781 | ¥ 17 8 u
1762 1 D May 8] 4 W 1782 | D |April 12| 7 a.
1762 | €% {Oct. 177 8 M. 1783 | D [March 18] 9 a. T
1702 | D Nov. 1{ 8 A 1783 { D t. 10/11 a. T
1763 | 4 |[Apnl 43 8 m. 1784 D [March 7| 8 .
17605 { O Apul 110 m. 1785 | @ . 1A
1761 | D |Aprl 16] 1 m 1787 1 ) 12 a. T
1705 | ¥ [March 21} 2 A 1787 { @ 10 n.
1705 | © [Avg. 16{ 5 1787 | € A
1760 ] . [Feb. 24 7 a. 19871 ) Ae
1706 ] 4% |Aug. 7 A 1788 | & N
1768 1 » [Jan. 5 M. 1789 | ) 212 a.
1708 | » MJune 30{ 4 w. 7. |} 17901 D 2812 A T,
17681 ) Dec. 23 4 a1 | 1790 ] D 28 1°M. T,
1509 | 2 [June 8 n 1791 | 1A
1700 | 5 |Dec. 18] 7 m. 1791 1 ) 12) 8 M.
770 | ¢ Nov. 17010 N, 1792 | @ 16{11 u
7711 p |April 28| 2 m, 1793 | ) 510 A.
11| p [Oct. 2% 3 A 1793 | 3 5 8
1772 | p (Ot 16 A7 [ 1794 | O 31| 4 a.
1772 | ¢+ [Oct. 2610 m. | 1794 | ) M1 AT
713 | ¢ [March 23) 5 n. 1794 | Q& 23 5 A
1773 | » PNept. 30| 7 A 1795 | » 1 u
1774 | ¢ [March 12]10 n. 1795 | & .
1770 | p Wuly 3101 s § 1795 | D A
1776 | ry [Aug. 145 x. 197 | & A
1777 | @ [Jan. 5 1797 | » M. T,
1781 O .%t:l:‘c 24 4 A, 1798 | » AT
1778 | » 6 w. 1800 | ) A

] y

,Sce the supplementary chapter on eclipses,, vol. ii, fw & cafe-
logue of eclipses from 1800 to 1900,
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328. A List of Eclipses, and Historical Events, which Rappened about
" the same time, from Ricciolus.

But according to an old calendar, this eclipse of the Sun was on the
R1st of April, on which day the foundations of Rome were laid ; if
Al e of the Moon,The Assrian

b A ipse e Moon. T'he ian empire at an end ; the
R wlipee of the Sun fortad "

. An eclipse of the Sun Thales, by which a was
brought about between the Medes and Lydians. y peae

8.] An eclipse of the Moon, which was followed by the death of Came

An edlipse of the Moon, which was followed by the slaughter of
e Sabines and the desth of Valerius Publjrola.

An nllﬁp‘;i:hc Sun. The Persisn war, and the falling off of the
An eclipee of the Moon, which was followed by a faminc at
Rome, and the beginnin otthll’elopunn-inu{ rest
3] A total eclipse of the Sun. A conet and e at Athens®

A total eclipse of the Moon. Nicias with his ship destroyed at

oelipn of the Sun. The Persians beat by Conon in a ses en-

"UA total eclipse of the M, Perseus king of Ma-
mmwwr?mmm’ s kg

An?eoﬂh&n. This is reckoned among the prodigics, on

nt of the rourder of Agrippious by Nero.

A total eclipse of the Sun. A »sign that the reign of the Gordiani
not continue ] A sixth persecution of the chnstuans.

An dnpu&ma The stars were scen, and the emperor

A&ﬂ:ipdmm Lowis the Pious died within six
An eclipee of the Sun.  Jerumlem, taken by the Saracens.

A terrible edlipee of the S8un. The stars were soen. A schism in
church, ectasionad by there being three Popes at once.

3 This eclipse happened in the flzst yanr of the Pelopontissisn war.
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$29. I have uot cited one Ralf of Ricelolus's Hst of gy, gyperus.
+ portentous eclipses; and for the snme reason that he tious notions
declines giving any more of them than what that list ;"
contains; namely, that it js most disagreeable to gard toedip.
dwell any longer on such nonsetise, and as much’'as **
possible to avoid tiring the reader : the superstition of the an-
cients may be seen by the few here copied. My author farther
says, that there were treatises written to shew against what re-
“pions the malevolent effects of any particular eclipse weve nim.
ed : and the writers affirmed, that the effcts of an eclipse of the

Sun continded as many years as the eclipse lasted hours; and

that of the Moon as many months.

880. Yet such idle nptions were once of no small . ot
advantage to Christopher Columbus, who, in the nats) once foe
year 1493, was driven on the island of Jamaics, m
where he was in the greatest distress for want of pro-
visions, and was moreover refused any assistance from the in.
habitants ; on which he threatened them with a plague, and
told then, that in token of it there should be an eclipse ; which
accordingly fell on the day he had foretold, and so terrified the
barbarians, that they strove who should be first in bringing him
all sorts of provisions, throwing them at his feet, and implor-
ing his forgiveness. Ricciolus's Almagest, vol. i, I v, c. i

331. Eclipses of the Sun are more frequent than vy, g0,
those of the Moon, because the Suns ecliptic limits are more vusi-
are greater than the Moon's, § 817: yet we have 4o grre™
more visible eclipses of the Moon than of the Sun, than of the
because eclipses of the Moon are seen from &ll parts Sun.
of that hemisphere of the Earth which is next her, and are
cqually great to each of those parts; but the Sun's eclipses are
visible only to that small portion of the hemisphere nest him
whereon the Moon’s shadow falls; as shall be explained by and
by at large.

832. The Moon's drbit being elliptical, and the Earth in
one of its foci, she is once at her least distance from the Earth,
and once at her greatest in every lunation. When the Moon
changes at her least distance from the Earth, and 5o near the
node that her dark shadow falls-upon the Earth, she appears
big enough to cover the whole* disc of the Sun from that part

* Although she Sun and Moon are spherical bodies, as seen from the Earth, they
appear to be circular planes ; and 50 would the Earth do, if it wese seen from the
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mﬂhﬁ' on which het shadow falls; and the Sun appears to-
of the Sun.  tally eclipsed there, as at A, for some minutes : but
Phte X1 when the Moon changes at her greatest distauce
from the Eqeth, and so near the pode that her dark shadow is
directed towards the Farth, her diameter subtends a less angle
than the Sun's; and therefore she cannot hide his whole dise
from any part of the Earth, nor does her chadow reach it at that
Wt“ to the place over which the point of her shadow
hangs, the ‘echpse 18 anvular, as at 25 the Sun's edge aj -
pearing like a luminous 1ing all around the budy of the Moon.
When the change happens withm 17 degrees of the nude, and
the Moon at her mean distance from the Lath, the pomt of
her w just touches the Earth, and she cehpas the Sun
totally to that small spot whercon her shadow falls; but the
darkness is not of a moment’s continuance.
833. The Moon' apparent diametcr when Targest

m cxeeeds the Sun’s when least, ouly 1 mmute 86 «-
“"'l"""' conds of a degree: and in the greatest echipse of the

Sun that can happen at any time and place, the total
darkness continues no longer than whilst the Moon 15 gomg 1
winute 38 scconds from the Sun 1n her oalut, which 15 about 3
aﬁnntes and 13 seconds of an hour.’
o bow much 834. The Moon's daik shadow covers only « spot
of he Earth on the Earths surface, about 180 Linglch nules
the Sut =47 broad, when the Moon's dumetr appears lugest
pu.u,’.. and the Sun's least ; and the total darkness can -
diped®  tond no farther than the dark shadow cneis  Yet

the Moon®s partial shadow or penumbia may then
cover a circular space 4900 miles in dimneter, within all wlich
the Sun is more or less eclipsed, as the places are less or moie
distant from the centre of the penumbra. When the Moon
changes exactly in the node, the penumlna is arcular on the
Earth at the middle of the general eclipse; because at that time
it falls perpendicularly on the Earth's surface; but at every
other moment it fulls obliquely, and will therefore be elliptical,

Moou. 'The apparently fist surfaces of the Sun and Moon are callod their discs by
astronomery. . *
# Tt appeasy from the accurate chamwations of modern astronomers that the Sun’
t dismeter when smallest is 81’ 20”, and that the Moon’s duumeter when
is 3% 34”. Total darkness, theyefore, may contnnc 4 munutes 6 sccands, as
in s tume the Moon moves through the spsce of 2 5%, the difftrence between the
Moont's greatest and the Sun’s least diametes.—Ed.
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and the more 0, as the timé is longer before or dfter the middle
‘of the general eclipse ; and then much greater portions of the
Larth’s surface are involved in the penumbra,
335. When the penutnbra first touches the Farth, . . -
" the general cclipse begins : when it leaves the Earth, geoeral and
the general eclipse ends : from the beginning to the rticuls
end the Sun appears eclpsed in some part of the
Liarth or other. When the penumbra touches any place, the
“®lipse begins at that place, and ends when the penumbra leaves
it. When the Moon changes in the node, the penumbra goes
over the centre of the Earth's disc as scen from the Moon; and
conscquently, by deseribing the longest line possible on the
Farth, continues ghe longest upon it ; namcly, at amean rate,
5 hours 50 minutes ; more, i the Moon be at her great est dis-
tance from the Earth, because she then moves slowest ; less, i
she be at her least distance, because of her quicker motion,
336. Mo make the last five articles and several 1y, x1.
other phenomena plainer, let § be the Sun, E the g %
larth, Af the Moon, and 4 M P the Moon's orbit. Draw the,
right lime W ¢ 12 from the western &ide of the Sunat 1, touch-
Ty the western side of the Moon at ¢, and the Earth at 124,
draw also the right line ¥ d 12 from the eastern side of the Sun
at F, touching the castern side of the Moon at d, and the Earth
at 12: the dark *space ¢ ¢ 12 d included between those lines is
the Moon’s shadow, ending in a point gt 12, where rue Moon's
it touches the Earth ; because in this casc the Moon dmk shadow,
is supposed to change at M in the middle between 4 the
or farthest point of her orbit from the Earth, and P the perigee,
or nearest point to it.  For, had the point P been at M, the
Moon had been ncarer the Earth ; and her dark shadow at ¢
would have covered a space upon it aboat 180 miles broad, and
the Sun would have been totally darkened, as at 4 (Fig. 1),
with some continuance : but had the point 4 (Fig. 2), been at
M, the Moon would have been fatther from the Karth, and her
shadow would have ended in a point about ¢, and therefore the
Sun would have appeared, as st B (Fig. 1), like & g3 penam.
luminous ring all around the Moon. ~ Draw the right b
lines W .X'd 4 and V X ¢ g, touching the contrary sides of the
Sun and Moon, and ending on the Earth at a and 4 : draw also
the right line § X M 12, from the centre of the Sun's disc,
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through the Moon's omitre to the Earth at 12; and supposc the
two former lines W X dA and ¥ X ¢ g to revolve on the line
A" M 12 ay an axis, and their points @ and b will describe the
limits of the penumbra 7 7" on the Earth's surface, including
the large space a 0 b 12 a ; within which the Sun appears miore
or less eifipsed, as the places are more or less distant from the
verge ¢ 0 b of the penumbra.

it Draw the right linc y 12 across the Sun’ dise,
Digte, perpendicular to § X M, the avis of the penumbra
then divide the line y 12 nto twelve equal parts, as in the figure
for the twelve digits of the Sun's diameter: and at equal dis-
tances from the centre of the penumbra at 12 (on the Earth'
surface }" 1) to its edge a 0 b, draw twelveaconcentric erreles,
as marked with the numeral figures 1 2 3 4, &c. and remember
that the Moon's motion in her orlit 4 M P s fram west to
east, as from # to ¢. 'Then,
The diferent 10 80 observer on the Larth at 3, the castern b
phases of a of the Moon at d seems to touch the western lnnb of
wolar eclipse. )0 Sun at W, when the Moon isat Af, and the Suns
sclipse begins at b, appearing as at 4 1n Fig 3 at the left haml‘-

#hut, at the same moment of absolute time to an olnerver at « in
Fig. 2, the western edge of the Moon at ¢ leaves the enstan

of the Sun at ¥, and the eclipse ends, as at the nght hand
Cof Fig. 8. At the very same instant, (o all'those who hve on
the circle marked 1 on the Earth Ein Fig. 2, the Moon M cuts
off or darkens a twelfth part of the Sun &, and echpses hum one
digit, as at 1 in Fig. 3: to those who live on the aircle marhed
? in Fig. 2, the Moon cuts off two twelfth parts of the Sun, as
at 2in Fig. 8: to those on the circle 3, three parts; and %0 on
to the centre at 12 in Fig. 8, where the Sun is centrally cclipsd,
s B B in the middle of Fig. 3 5 under which figure
there is a scale of hours and minutes, to shew at a
mean state how long it is .from the beginning to the end of a
central eclipse of the Sun on the parallel of London ; and how
many digits are eclipsed at amy particular time from the be-
ginning at A to the middlaat B, or theend at C. Thus, i 16
minutes from the lmgmning, the Sun is two digits eclipsed ; in
an hour and five minutes, eight digits; and in an hour and thirty-
mayen minutes, 12 digits.
«l837. By Fig. ® it is plain, that the Suh is totally or centrally
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eclipsed but to a small part of the Earth at any time; because

" the dark conical shadow ¢ of the Moon M falls but on 9
a small part of the Earth: and that the partial eclipse ™ *

, s confined at that time to the space included by the circle a 0 5,
of which only one-half can be projected in the figure, the other
half being supposed to be hid by the convesxity of the Earth E :
and hkewise, that no partof the Sun is eclipsed to the large space
¥ ¥ of the Earth, because the Moon is not between The veloaity

e Sun and any of that part of the Earth: and oftheMoon’s
therefore to all that part the eclipsc is invisible. The shadowonthe
Earth turns eastward on its anis, as from gto &, )
which 15 the same way, that the Moon's shadow moves: but the
Moons mouon is nuch swifter in her orbit from # to ¢: and
therefore, although eclipses of the Sun are of longer duration,
on account of the Earth’s metion on its axis, than they would
he 1f that motion was stopped, yet in four minutes of time at
most, the Moon’s swifter motion carries her dark shadew quite
over any place that its centre touches at the time of greatest ob-
scuration.  The motion of the shadow on the Earth's disc is
«qual to the Moon’s motion from the Sun, which is about 80}
minutes of a degree every hour at a mean rate ; but se much of
the Moons orhit 15 equal to 30} degrees of a great cirele on the
Karth, § 320, and therefore the Moon’s shadew goes 30} de-
grecs, or 1830 geographical miles on the Earth in an hour, or
30! ndes 1n 2 nminute, which 15 almost four times as swift as the
notion of a cannon ball.

338. A« scen fiom the Sun or Moon, the Earth’s axis appears
differently inchned every day of the year, on'account of keeping
its parallehsin throughout its annual course.  Let E, Fig 4
D, O, N, be the Earth at the two equinoxes and the :
two solstices, N ' its axis, N the north pole, S’ the south pole,
/& Q the equator, T the tropic of Cancer, ¢ the tropic of Capri-
corn, and 4 B C the circumference of the Earth'sen- ppenomena
hghtened disc as scen from the $un or new moon at of the Larth
these tines.  The Earth’s axis has the position :,',,";‘:,.,‘*”;‘:
N E S at the vernal equinox, lymg towards the right new moon at
hand, as scen from the Sun or new moon ; 1ts poles g :f the
N and & bemyg then in the circumference of the disc; year.
aud the cquator and all its parallels scem to be straight Lines,
because thewr planes pass through the observer's eye lovking
down uponsthe Earth from the Sun or Moon direetly over E,

VOL. L. R !
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where the ecliptic F G intersects the equator .. At the sum-
mer solstice, the Farth's axis has the position N'D .S ; and that
part of the ecliptic #' ¢+, in which the Moon is then new, touches
the tropic of Cancer 7'at I).  ‘The north pole .V at that ume
inclining 23} degrees towards the Sum, fall, so many degr e-
within the Earth’s enhghtcned dise, because the Sun s then
vertical to D, 23] degeees nenth ol the cquator .E Q; and the
equator with all its paraliels «een (hpuc curves bending down-
ward, or toward the south pole, as seen from the Sun: whiels
pole, together with 235 degrees all 1ound 1, is hif behind the
disc in the dark hemisphere of the Earth. At the autumnat
equinox, the Farth’s avs h the positon NV 08, lving to the
left hand as seen from the Sun or new moon, which are then
vertical to 0, where the ccliptic cuts the equator .70 Q. Both
poles tow lie in the circumference of the dise, the novth pole juse
going to disappear behind 1, and the south pole just entaimg
into it ; and the equator, with all its parallels, seem to be straight
lines, because their planes pass through the observer's eve, v
seen from the Sun, and very nearly so as seen from the Moon,
At the winter solstice, the Earth’s asis has the postion N NS
when its south pole 8, inchning 23} degrecs towards the Sun,
falls 23} degrees within the enlightened dise, as ween from the
Sun or new Moon, which are then vertical to the tropie of Ca-
pricorn ¢, 231 degrees south of the equator .72 Q; and the cquator,
with all its parallels, seem elliptic curves bending upward : the
narth pole bemg as far hid behind the dise in the dark henn

sphere, as the south pole is come into the hght.  The nearer
that any time of the year is to the equnoxes or solstices, the
more it partakes of the phenomena relatmg to them.

*839. Thus it appears, that from the vernal equinox to the
autumnal, the north pole is enlightened ; and the equator and
Varioos poi- all its parallels appear elliptical as seen from the Sun,
uons of the more or less curved as the time is nearer to or far-
i"':,,’ trom ther from the summer solstice ; and bending down-
the Sun st wards, or towards the south pole; the reverse of
mm which happens from the autumnal equinox to the
year. vernal. A little consideration will be suffieicnt to
convinee the reader, that the Earth’s axis inclines towards the

n at the summer solstice ; from the Sun at the winter solstice;
fod sidewise to the Sun at the equinoxes ; but towards the righ
hand, as scon from the Sun at the vernal equinox ; und towards
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the left hand at the autumnal. From the winter to the summer
“ solstice, the Farth's axis inclines more or less to the right hand,
as seen from the Sun; and the contrary from the summer to the
winter solstice.
40. The different positions of the Earth's axix, o th
ese
as qeen from the Sun at different times of the year, positions af-
alloct solar eclipses greafly with regard to particular fect solar e.
lawes 3 o farindeed as would make central eclipses pres-
which fall at one time of' the year invisible if they fell at an-
other, cven, though the Moon should always change in the
nodes, and at the same hour of the day : of which indefinitely
various ulfections, we shall ouly give examples for the times of
the equinoxes and solstices.
In the ame dlagrmn, let F G be part of the eclip- Fig. 4.
tic,and I A, i k, iRy i k, part of the Moon™s orbit,
both ween edgewise, and therefore projected into right lines ;
and let the intersections N, O, D, E, be one and the same node
at the above times, when the Earth has the fore-mentioned dif-
ferent positions: and let the spaces included by the circles, P,
P P ps be the penumbra at these tines, as its centre is passing
over the centre of the Karth's dise. At the winter solstice,
when the Earth's axis has the position N NS, the centre of the
penuma P touches the tropic of Capricorn ¢ in N at the mid-
dle of the general eclipse ; but no part of the penumbra touches
the tropic of Cancer 7. At the summer solstice, when the
Farth’s axis has the position N D S (i 1) k being then part of
the Moon's orbit, whose node is at D), the penumbra p has its
centre at D, on the tropic of Cancer 7', at the middle of the
general eelipse, and then no part of it touches the tropic of
Capricorn . At the autumnal equinox, the Earth’s axis has
the position .V O § (i Ok being then part of the Moon's orbit),
and the penumbra equally includes part of both tropics 7" and
1 at the middle of the general eclipse : at the vernal equinox it
does the same, because the Earthls axis has the position N E §':
but, in the former of these two last cases, the penumnbra enters
the Earth at 4, north of the tropic of Cencer 7', and leaves it
at m, south of the tropic of Capricorn ¢; having gone over the
Earth obliquely southward, as its centredescribed the line 4 0 m:
whereas, in the latter case, the penumbra touches the Earth
n, south of the equator /£ Q, and describing the line n E ¢
(similar to the former line 4 O m.in open space), goes obliquely
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northward over the Earth, and leaves it at g, north of the equa-
tor.

In all these circumstances, the Moon has been supposed to
change at noon in her descending node: had she changed 1n her
ascending node, the phenomena would have been as vanons ghe
contrary way, with 1cspect to the penumbra’s going northward
aor southward over the Earth  But because the Moon cha ges
at all hours, a~ ofien 1n one node as 1 the other, and at all .
tances from them both at different times as 1t happens, the va-
riety of the phases of eclipses are almost innumerable, cven at
the same places ; convidering alo how variously the same places
are situated on the enhghtened dise of the Earth, with 1espect
to the penumbras motion at the different hours when echipees
happen.

Howmuchot SH When the Moon changes 17 degrees short
thepenumbra Of her descending node, the penumbra 7 18 just
"'E:’nh"; ‘g: touches the northern part of the Farth’s dise, near
ferent din-  the north pole N; and, as seen from that placc, the
m Moon appears to touch the Sum, but hides no pait of
him from sight. }ad the change been as far short
of the ascending node, the penumbra would have touched the
southern part of the disc near the south pole 8  Whan the
Moon changes 12 degrees short of the descending node, moie
than a third part of the penumbra P 12 falls on the notthern
parts of the Earth at the mddle of the general ecipse . had <he
changed as far past the same node, a~ much of the other udeof
the penumbra about P would have fallen on the southern part
of the Earth; all the rest in the capansum or opcn space.
When the Moon changes 6 degrees from the node, almost the
whole penumbra P 6 falls on the Earth at the middle ot the
general cclipse. And, lastly, when the Moon changes m the
node at N, the penumbra P N takes the longest course posuble
on the Earth’s disc ; its centre falling on the middle thercof, at
the middle of the general eclipse. The farther the Moon
changes from cither node, within 17 degrees of it, the shorter
i» the penumbra’s continuance on the Earth, because 1t gues
over a less portion of the disc, as is evident by the figure.
The Tards 342 The nearer that the penumbra’s centre is to
dnual mo-  the equator at the middle of the general eclipse, the
tion Jeogth- 3 rer is the duration of the eclipse at all those places

ens the dura-

ton of solar where it is central ; because, the nearer that any place
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is to the equator, the greater is the circle it describes eclipseawhich
. . . . fall without
by the Earth’s motion on its axis : and so, the place e polar cir-
moving quicker, keeps longer in the penumbra, whose cles-
motion is the same way with that of the place, though faster, as
been already mentioned, § 337. Thus (sce the Earth at
nd the penumbra at 12), whilst the point 4 in the polar
ci;&c abed is carried from & to ¢ by the Earth’s diurnal mo-
Jibn, thie point d on the tropic of Cancer T is carried a much
greater length from d to D; and thercfore, if the penumbra’s
centre goey one time over (' and another time over D, the
penumbra will be longer in passing over the moving place d
than it was in passing over the moving place .  Consequently,
central cchpses about the poles are of the shortest duration ;
and about the equator the longest.
343. In the middle of summer, the whole frigid Andhortens
sone included by the polar circle @ b ¢ d is enlight- the duration
. of some which
ened ; and if 1t then happens that the penumbra’s gl within
centre goes over the north pole, the Sun will be these circles,
echpsed much the same number of digits at @ as at ¢; but
whilst the penumbra moves eastward over c, it moves westward
uver a, beeause, withi respect to the penumbra, the motions of
« and ¢ are contrary ; for ¢ moves the same way with the pe-
numbra towards d, but @ moves the contrary way towards & ;
and therefore the eclipse will be of longer duration at ¢ than at
a. At a the cclipse begins on the Sun’s eastern limb, but at ¢
on his western : at all places lying without the polar circles,
the Sun’s cclipses begin on his western limb, or near it, and
end on or near his eastern. At those places where the penum-
bra touches the Earth, the eclipse begins with the rising Sun,
on the top of his western or uppermost edge; and at those
places where the penumbra leaves the Earth, the cclipse ends
with the setting Sun, on the top of his eastern edge, which is
then the uppermost, just at its disappearing in the horizon.
344. If the Moon were surrounded by an atmo- qy. aroon
sphere of any considerable density, it would scom has no stme.
{0 touch the Sun a little before the Moon made her *Ptere
appulse to his edge, and we should sce a littlc faintness on that
edge®before it were cclipsed by the Moon: but as no such
faintness has been observed, at least so far as I cver heard, it
Aema plain that the Moon has no such atmospherc as that of
the Earth.« The faint ring of light surrounding the Sun in
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total eclipses, called by Cassini lu Chevelure du Soleil, scems
to be the atmosphere of the Sun, because it has been observed
to nove equally with the Sun, and not with the Moon. (See
§ 58, Note.)
mﬁ.. of  345. Having becn so proliv concerning echpsensor”
the Sun, we shall diop that subject at present, and
proceed to the doctrine of Junar eelgoes, which, being 1yore
simple, may be cxplained in less time '
That the Moon can never be cchipsed but at the time o1
Plae X1. her bemg full, and the rewson why <he s not

Fig. 2. cclipsed at every full, has been <hewn alrendy, §
816, 317 Lt 8 be the sun, E the Larth, B R the 'anths
shadow, and B the Moon m opposition to the Sun 1 this -
tuation the Farth intercepts the Sun’s hzht moats way to the
Moon ; and when the Moon touches the Farths shadow at 1,
she hegins 10 be echipsed on her wastern hmb o, and continues
eclipsed until her western limb g leaves the shadow at s at &
she is in the muddle of the shadow, and consequently m the
middle of the eclipse.

346. The Moon, when totally celipsed, 15 not mvisible, of
she be above the horizon, and the shy be clea. but appears
generally of a dushy colour, hke tamshad copper, which
Why e OM€ have thought to be the Moon™s natwve hght!
Moonisrvi- But the true cause of her Lemg viable s the
shle w a to- oeattered beams of the Sun, bent mto the Eartlis
tal eclipse.

shadow by going through the atmosphere, which,
being morc dense near the Earth than at conaderable heights
above 1ty refracts or bends the Sun’s 1ays more mward, §
179, the mearcr they arc passing by the Earth’s surlace,
than those rays which go through lugher parts of the at-
morspliere, where it is less dense according to its height, unul
it be so thin or rarc as to lose its refractive power. Let the
circle fg ki, concentric to the Farth, include the atmosphere,
whose refractive power vanishes at the heights fand i; so that
the rays IV fw and Viv go on stiaight, without suffering the
least refraction ; but all those rays which enter the atmosphere
between £and £, and between i and 2, on opposite sides of the
Karth, are gradually more hent inward as they go throagh a
greater portion of the atmosphere, until the rays Wk ana V{
touching the Karth at m and n, are bent so much as to mew
at g, a little short of the Moon; and therefore the dak sha-
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dow of the Earth is contained in the space mogpn, where
none of the Sun’s rays can enter: all the rest R R, being
mixed by the scattered rays which are refracted as above, is in
some measure enhightened by them ; and <ome of those rays
lling on the Moon, give her the colour of tarnished copper,
orbf ron almost red hot. 8o that if the Earth had no at-
here, the Moon \mul(l be as imvisible m total eclipses as
hen new.  If the Moon were <o near the Earth as to
g0 into its dark shadow, suppose about po, she would he m-

visible during her stay m at, but visible before and after m
the fainter \hadow R R2

3 !‘7'. When the '.\Inon‘govs through the centre of’ Whythe Sun
the Farth’s shadow, <he is directly opposte to the und Moon
Sun yet the Moon has been often ween totally eelip- e le
«ud n the horizon when the Sun was alo viable wl:::; :;.:
the opporte part of 1t for,I the horizontal refraction &“;"e‘:l‘lp‘:’;d
buag almost 31 mutes of a degree, § 181, and the
dumeter of the Sun and Moon being each at a mean <tate but
32 nunutesy the refraction causes both luminaries to appear
+hove the horizon when they are veally below it, § 179,

318 Whan the Moon s full at 12 degrees from
ither of her nodes, she just touches the Larth's sha-
dow. but does not enter mto it Let G H be the wliptic; ¢f
the Moons mbit whaie <he s 12 degrees from the node at her
tu'l, ¢ d her orbit where she 1s 6 degrees from the node; ab
Lt orhait where dhe 1s full in the node; 4 B the Karth's sha-
dow. and A the Moon  When the Moon deseribes the line
¢ /2 she just touches the shadow, but does not enter into it

Ig. 5.

® The explinavon here given by VMr. 1 erquson 1s no doubt satisfactory, in so far
wrends the lununous apperance of the Moon; but the red copper colour which
ahic assumes still requares explanation. Vi hen a beam of white Light passes through
a long tack of asr, 3t alw ys inclinus to & red wolour.  The blue or most refrangible
rays moving with less nmiwmentum, are stopped 1 their course, while the red rays
bemnyg lcast rcfrangible, and moving with greater momentum, will cauly penetrate
the reasting medwnt, Tlus 18 evident also from the apparance of the Sun and
Moon m the horizon ; from the red colour of the mormng and evening clouds ; from
the redness of the sea at great depths as seen by diver, and from the appearance of
Iununo 18 obyeets 1 o foggy nught. Now e Iight which passes through the atino-
«phere at m and 2, (PLite XI, 1z ), moves thrcu hothe lo gust posuble track of
air, A therctore must emerze from the atmosphere ot 1 deeper red colour than the
Sigh? v huh reddens the moernmg and evening dJouds. [ us red hight bemg retracted
l 1he ot uesphere, 18 bent mto the Eath®s shadow, and causes that ruwdy «opper

wownich e Moon ganerally assues m lunat «ipss—? &
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when she describes the line ¢ d, she is totally, though not cen-
Durstion of trally, immersed in the shadow; and when she de-
central eclip- 8cribes the line a b, she passes by the node at M in
Yol the the centre of the shadow, and takes the longest line
possible, which is a diameter, through it: and sy
an eclipse being both total and eentral, is of the longest Ju.
ration, namely, 3 hours 57 minutes 6 geconds from the begin-
ning to the end, if the Moon be at her greatest distar ¢ frem
the Earth: and 3 hours 37 minutes 26 scconds, if »he he a.
her least distance. The reason of this difference is, that when
the Moon is farthest from the Farth, she moves siowest ; and
when nearest to it, quickest.
Digis 849. The Moon's diameter, as well as the Sun’,
is supposed to be divided into twelve equal parts,
calicd Digits;* and :o many of these parts as are darkened by
the Earth's shadow, so many digits is the Moon eclipsed.  All
that the Moon is eclipsed above 12 digits, shew how far the
shadow of the Farth is over the bady of the Moon, on that
edge to which she is nearest at the middle of the cclipse.
850. It is difficult to ohserve exactly either the
Why the be- Looinning or ending of a lunar eclipse, even with 2
ginning and . .
end ofa lunar good telescope; because the Earth's shadow is so
m:'m”b‘ faint and ill-defined about the edges, that when the
deeermined  Moon is either just touching or leaving it, the ob-
by observa-  goyiration of her limb is scarce sensible; and there-
fore the nicest observers can hardly be certain to
four or five seconds of time. But both the beginning and end.
ing of solar eclipses are visibly instantancous; for the moment
that the edge of the Moon's disc touches the Sun’s, his round-
ness seems a little broken on that part; and the moment she
leaves it, he appears perfectly round again.
Theussof  S01- In astronomy, eclipses of the Moon are of
eclipees in  great use for ascertaining the periods of her motions;
astronomy, ; ; ; . ali
W;’ .especu!ly such eclipses as are obscrved to be alike
chrono-  in all circumstances, and have long intervals of time
logy- between them. In geography, the longitudes of
places are found by eclipses, as alrcady shewn in the eleventh
chapter: but for this purpose eclipses of the Moon are more

3 Digits are now frequently called Degrees, esch of which iambdivida.l into 50
minutes. So that the magnitude of echipees ls measured in degrees and miuuls—
zd
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useful than thosc of the Sun, because they are more frequently
visible, and the same lunar eclipse is of equal largeness and
duration at all places where it is seen. In chrpnology, both
solar and lunar cclipses serve to determine exactly the time of

past event : for there are so many particulars observable in
evfry eclipse, with respect to its quantity, the places where it is
visjble (if of the Sun), gnd the time of the duy or night, that
itfis ble there can be two solar eclipses in the course of
‘\many which are alike in all esrcumstances.

352. From the above explanation of the doctrine The darkness
of cclq)x-.cs,\:t is evident, that the darkness at our Sa- at our Sav-
viour’s crucifinion was supernatural.  For he suf- g;:‘:;.
fered on the day on W“hich the passover was eaten Datural
by the Jews, on which day 1t was impossible that the Moon's
hadow could fall on the Earth; for the Jews kept the pass-
over at the time of full moon: nor does the darkness in to-
tal eclipses of the Sun last above four minutes n any place,
§ 838; whercas the darkness at the crucifixion lasted three
hours, Matt. xxvi, 15, and overspread at least all the land of
Judea,

CHAP. XIX.

SHFWING THE PRINCIPLELS ON WHICH THE FOLLOWING ASTRO-
NOMICAL TABLFS ARE CONSTRUCTED, AND THE METHOD OF
( ALCULATING THE TIMLS OF NEW AND FULL MOONS AND
ECLIPSLS BY THLM.

353. TrE nearer that any object is to the eye of an obscrver, the
greater is the angle under whlch it appears: the farther from
the eye, the less.

The diameters of the Sun and Moon subtend diffe1ent angles
at different times. And, at equal intervals of time, these angles
arc once at the greatest, and once at the lcast, in somewhat
more than a complete revolution of thé luminary through the
ecliptic, from any given fixed star to the same star again.—
Thys proves that the Sun and Moon are constantly changing
thdir distances from the Earth ; and that they arc once at their
ﬁrcutest distance, and once at their least, in little more than a
complete zevolution.
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The gradual differences of these angles are not what they
would be if the luminaries moved in circular orbits, the Karth
being supposed to be placed at some distance from the centre :
but they agree perfeetly with elliptic orbits, supposing the lower
focus of each orbit to be at the centre of the Farth. o

The farthest point of cach orbit from the Earth's centd: is
called the apogec, and the nearest point w called the perigei.—
"These points are directly opposite to cach other. PR

Astronomers divide each orbit into 12 equal paps, called
signs ; ench sign into 30 equal parts, called degrecs §* cach de-
gree into 60 equal parts, called minutes ; and every minute into
60 ecqual parts, colled seconds. The distance of the Sun or
Moon from any given point of its orbit, is rechoned in signs,
degrees, minutes, and seconds. ore we mean the distance
that the luminary has moved through from any given point ;
not the space it is short thereot' in coming roumd agan, though
ever so little.

The distance of the Sun or Moon from 1t apogee, at any
given time, is called its scan anomaly ; wo that, m the apogee,
the anomaly is nothing ; in the perigee, it is ax Signs.

The motions of the Sun and Moon are observed to be con-
tinually accelerated from the apogee to the perigee, and as grae
duallv retarded {from the [wngt-o to the apogee; being slowest
of all when the mesn anomaly is nothing, and swiftest of all
when it is six signs.

When the luminary is in its apogee or perigee, its place i~
the same a« it would be if its motion,were cquable in all parts
of ity orhit.  The supposed equable motions are called mean ,
the unequable are justly called the fruc.

The mean place of the Sun or Moon s always forwarder
than the true place,! whilst the luminary is moving from its
apogee to its perigee; and the true place is always forwarder
than the mean, whilst the luminary is moving from its perigee
to its apogee.  In the former case, the anomaly is always less
than §x signs; and in the latter case, more.

It has been found, by a lung series of observations, that the
sun goes through the «iptic, from the vernal equinox to the
St CQUION Agadil, i 563 days 5 hours 48 minuter 55 see

¢ The pomt ot the echpe m which the Sun o1 Moon is at any gven moment «
witic; 15 willed dhe plece ot the Nun or Moon at that te,
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conds: from the first star of Aries to the same star again, in
865 days 6 hours 9 minutes 24 seconds : and from his apogee
to the same again, in 365 days 6 hours 14 minutes 0 seconds.

—The first of these is called the solar year, the second the

aycereal year, and the third the anomalistic year. So that the
solpr year is 20 minutes 29 seconds shorter than the sydereal ;
ang lhe sydereal year iy, 4 minutes 36 seconds shorter than the

Hence it appears, that the equinoctial point, or
of the ccliptic and equator at the beginning of
bachward with respect to the fixed stars, and that
the Sun’s apogee goes forward.

It 15 alvo observed, that the Moon goes through her orbit,
from any given fixed star to the same star again, in 27 days 7
hours 43 minutes -!-.wmnds, at a mean rate ; {from her a
to her apogee again, in 27 days 13 hours 18 minutes 43 sc-
conds: and from the Sun to the Sun again, in 29 days 12 hours
41 minutes 83, seconds.  This shews, that the Moon's apogee
maoves forward in the ccliptic, and that at a much quicker rate
than the Sun’s apogee does ; since the Moon is five hours 55
nnnutes 39 seconds longer in revolving from her apogee to her
apogee again, than from any star to the same star again,

"I'he Moow's orbit crosses the ecliptic in two opposite points,
which are called her nodes : and it is observed that she revolves
wooner from any node to the same node again, than from any
<tar to the same star again, by 2 hours 38 minutes 27 seconds,
whick shews that her nodes move backward, or contrary to the
order of signs, in the ecliptice.

The time in which the Moon revolves from the Sun to the
Sun again (or from change to change) is called a lunation ;

=X hich, according to Dr. Pound’s mcan measurcs, would always
consist of 29 days 12 hours 44 minutes 3 seconds 2 thirds 58
fourths, if the motions of the Sun and Moon were always
cquable.? Hence, 12 mean lunations contain 354 days 8 hours
48 minutes 306 seconds 85 thirds 40 fourths, which is 10 days
21 hours 11 minutes 23 seconds 24 thirds 20 fourths less than
the length of a common Julian year, consisting of 365 days 6
hours: and 13 mean lunations contain 383 days 21 hours 32
mingtes 39 seconds 88 thirds 38 fourths, which exceeds the

We hate thought proper to keep Dr. T'ound’s Iength of a nican Junation, be-
Cause his nunmibers come nearer to the times of ancient cchpses, than Meyer’s do,
without allowing for the Moon’s acceleration.
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length of a common Julian year, by 18 days 15 hours 32 mi-
nutes 39 seconds 38 thirds 38 fourths.

The mcan time of new moon being found for any given
year and month, as suppose for March 1700, old style, if this
mean new moon falls later than the 11th day of' March, t ,
12 mean lunations added to the time of this mean new njoon
will give the time of the mean new maeon in March 1701, After
having thrown off 365 days. But, when the mean ‘(ﬁ mhn
happens to be before the 11th of March, we must ay 13 mean
lunations, in order to have the time of mean ngw moon in
March the year following : always taking care to subtract 365
days in common years, and 366 days in leap years, from the
sum of this addition.

Thus, a. . 1700, old style, the time of mean new moon in
March was the 8th day, at 16 hours 11 minutes 25 seconds after
the noon of that day (viz. at 11 minutes 25 seconds past 1V
in the morning of the 9th day, according to common rechoning).
To this we must add 13 mean lunations, or 383 day~ 21 hours
432 minutes 39 seconds 38 thirds 88 fourths, and the sum will
be 892 days 13 hours 44 mmutes % scconds 38 thrds 38
fourths ; from which subtract 365 days, because the year 1701
is 2 common year, and there will remain 27 days 13 hours k.
minutes 4 seconds 3§ thirds 38 fourths for the tme of mean
new moon in March,’a. p 1701,

Carrying on this addition and subtraction till A. n. 1703, we
find the time of mean new moon in March that year to be on
the 6th day, at 7 hours 21 minutes 17 seconds 49 thirds 46
fourths past noon; to which add 13 mean lunations, and the
sum will be 390 days 4 hours 53 minutes 57 seconds 28 tinrds
20 fourths; from which subtract 366 days, because the _y(-z'nr
1704 is a leap year, and there will remain 24 days 4 hours 53
minutes 57 seconds 28 thirds 20 fourths, for the time of mean

- new moon in March, a. p. 1704. v

In this manner was the first of the following tables con-
structed to seconds, thirds, and fourths; and then written out
to the nearest seconds. The reason why we chose to begin the

rear with March, was to avoid the inconvenience of adding a
tlay to the tabular time in lcap ycars after February, o\iub-
. ting a day therefrom in January and February in th we
_g::rs ; to which all tables of this kind are subject, which begin tﬁ\
ar with January, in calculating the times of new orfull moons.
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The mean anomalics of the Sun and Moon, and the Sun’s
mcan motion from the ascending node of the Moon's orbit, are
set down in Table I1I, from one to 13 mean lunations.—
These numbers, for 18 lunations, being added to the radical

' anomalies of the Sun and Moon, and to the Sun’s mean dis-
tanpe from the ascending node, at the time of mean new moon
in 1 {arch 1700 (Table 1), will give their mean anomalies, and
the Sting mean distance from the node, at the time of mean
new mooiNn March 1701 ; and being added for 12 lunations
to those fol 1701, give them for the time of mean new moon in
March 1702. And so on, as far as you please to continue the
Table, always throwing off' 12 signs when their sum exceeds 12,
and setting down the remaindcr as the proper quantity.

If the numbers belonging to A. ». 1700 (in Table Iy be
subtracted from those belonging to 1800, we shall have their
whole differences in 100 complete Julian years; which ac-
cordingly we find to be 4 days 8 hours 10 minutes 52 seconds
15 thirds 40 fourths, with respect to the time of mean new
moon.  These heing added togethér 60 times (always taking
care to throw off' a whole lunation when the days exceed 29})
mahing up 60 centuries, or 6000 years, as in Table VI, which
was carried on to seconds, thirds, and fourths; and then writ-
ten out to the nearest seconds.  In the dF: manner were the

respective anomalies and the Sun’s ce from the node
found, for these centurial years; and then (for want of room)
wrote out only to the nearest minutes, which is sufficient in
whole centuries. By means of these two Tables, we may find
the time of any mean new moon in March, together with the
anomalies of the Sun and Moon, and the Sun’s distance from

+«fic node, at these times, within the limits of 6000 years, cither
before or after any given year in the 18th century ; and the
nmcan time of any new or full moon in any given month after
March, by means of tlre third and fourth Tables, within the
same limits, as shewn in the precepts for calculation.

Thus it would be a very easy natter to caleulate the time of
any new or full moon, if the Sun and Moon moved's equably in
all parts of their orbits. But we have already shewn that their
placgs are never the same as they would be by equable motions,
exghpt when they are in apogee,or perigee ; which is, when their
}iean anomalics are either nothing, or six signs : and that their
mean places are always forwarder than their true places, whilst
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the anomaly is Jess than six signs; and their true places are
forwarder than the mean, whilst the anomaly is more.

Hence it is evident, that whilst the Sun's anomaly is less
than six signs, the Moon will overtake him, or be opposite to
him, sooner than she could if his motien were cquable; hnd
later whilst his anomaly is more than six signs.  The greagest
differenice that can possibly happen between the mean anddrue
time of new or full moon, on account of the inequalipg”of the
Sun’s motion, is 3 hours 48 minutes 28 seconds: apd that i,
when the Sun’s anomaly is cither 3 signs 1 degree/ or 8 signs
29 degrees; sooncr in the first case, and later in the last.  In
all other signs and degrees of anomaly, the difference is gra-
dually less, and vanishes when the anomaly is cither nothing or
SIX Signs. .

The Sun is in his apogee on the 30th of June, and in his
perigee on the 80th of December, in the present age : so that
he is nearer the Earth in our winter than in our summer. The
proportional difference of distance, deduccd from the difference
of the Sun’s apparent diameter at these times, is as 983 to
1017,

The Moon's orbit is dilated in winter, and contracted in
summer ; therefore, the lunations are longer m wmter than
summer. The difference is found to he 22 minutes 29
seconds: the lunatioMPincreasing gradually in length whilst the
Sun is moving from his apogee to his perigee, and decreasing
in length whilst he is moving from his perigee to his apogee.—
On this account, the Moon will be later every time in coming to
her conjunction with the Sun, or being in opposition to him,
from December till June, and sooner from June till December,
than if her orbit had continued of the same size all the year
round.

As both these differences depenid on the Sun’s anomaly, they
may be fitly put together into one Table, and called T%he an-
nual, or first equation of the mean to the truc syzygy® (scc
Table VII), This cquational difference is to be subtracted from
the time of the mean <yzy gy when the Sun's anomaly is less than
six signs, and added when the anomaly is more. At the
greatest, it is 4 hours 10 minutes 57 seconds, viz. 3 houtr 48

. “w

3 The word syeygy signifies both the conjunction and opposition of the Sun auu
Mooz, ¢
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minutes 28 scconds, on account of the Sun’s uncqual motion,
and 22 minutes 29 seconds, on account of the dilatation of’ the
Moon’s orbit. :

"Fhis compound equation would be suflicient for reducing the
mean tine of new or full moon to the true time thereof, if the
Moon's orbnit were of a cireular form, and her motion quite
equa]e mat. But the Mo’ orbit 15 more clliptical than the
Sua’s, g her motion m 1t <o much the more unequal. The
difference o great, that she is sometimes in conjunction with
the Sun, or\n opposition to him, sooncr by 9 hours 47 minutes
54 seconds, than she would be if her motion were equable ;
and at other times as much later.  The former happens when
her mean anomaly is 9 signs £ degrees, and the latter when it
is £ agns 26 degrees See Table IX.

At different distances of the Sun from the Moon's apogee,
the figure of the Moon’s orbit becomes different. It is longest
of all, or most eceeutric, when the Sun is in the same sign and
degree cither with the Moon's apogee or perigee ; shortest of
all, or least eceantric, when the Sun's distance from the
Moon’s apogee is cither three signs or nine signs; and ata
man state when the distance is cither 1 sign 15 degrees, 4 signs
15 degrees, T sigms 15 degrees, or 10 signs 15 degrees.  When
the Moon's orbit is at its greatest cccentrigigy, her apogeal dis-
tance from the Earth's centre is to her distance there-
from, as 1067 is to 953 ; wher least eccentric, as 1043 is to
957: and when at the mean state, as 1055 is to 945.

But the Sun’s distance from the Moon's apogee is equal to
the quantity of the Muon™s mean anomaly at the time of new
mogu, and by the addition of six signs, it becomes equal in
{fuanuty te the Moon’s mean anotnaly at the time of full moon.
Therefore, a table may be constructed so as to answer all the
various inequalitics depending on the different eccentricities of
the Moon's orbit in the syzygies, and called Te second equation
of 'the mean to the true syzygoy (see Table IX) ; and the Moon™
anomaly, »hen equated by Table VITI, may be made the pro-
per argument for taking out the second equation of time, which
must be added to the former equated time, when the Moon's
anompdy is less than six signs, and subtracted when the anomaly
is 1gére.

There arc scveral other inequalities in the Moon's motion,
which somettmes bring on the true syzygy a little sooner, and
at other times heep it back a little later, than it would other-
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wise be; but they are so small, that thcy may be all omitted
except two ; the former of which (see Tuble X) depends on the
difference between the anomalies of the Sun and Moon in the
syzygics, and the latter (sce Table XI) depends on the Swn's
distance from the Moon'’s nodes at these times. The greatest
difference arising from the former is 4 minutes 58 seconds ; and
from the latter, 1 minute 84 seconds. .

Having described the phenomena arising from 'incqpa.
lities of the solar and lunar motions, we shall shew the
reasons of thesc inequalitics. M

In all calculations relating to the Sun and Moon, we consider
the Sun as a moving body, and the Earth as a body at rest;
since all the appearances arc the smine, whether it be the Sun or
the Earth that moves. But the truth is, that the Sum is at
rest, and the Earth nioves round him once a-year, in the plane
of the ecliptic. Therefore, whatever sign and degree of the
ecliptic the Earth is in, at any given fime, the Sun will then
appesr to be in the opposite sign and degree.

The nearer that any body is to the Sun, the more it is at-
tracted by him ; and this attraction increases as the square of
the distance diminishes, and vice versa.

The Earth’s annual orbit is elliptical, and the Sun is placed
in one of its focl. The remotest point of the Earth’s orbit from
the Sun is called T% Earth's Aphelion ; and the nearest point
of the Earth’s orbit to the Swn is called 7%e Earth's Peri-
helion. When the Earth is in its aphclion, the Sun appears to
be in its-apogee ; and when the Karth is in its perihelion, the
Sun appears to be in its perigee.

As the Farth moves from its aphelion to its perihelion, it is
coumntly more and more attracted by the Sun; and this at-
traction, by conspiring in some degree with the Farth’s motion,
must neeessnnly accelerate it. But as the Earth moves from

its perihelion to its aphelion, it is continually less and less at-
tracted by the Sun; and as this attraction acts then just as
much against the Farth’s motion, as it acted for it in the other
half of the orbit, it retards the motion in the likc degree. The
faster the Earth moves, the faster will the Sun appear to move ;
the slower the Earth moves, the slower is the Sun’s apparcnt
motion.

The Moon's orbit is also elliptical, and the Earth Lecps con-
stantly in one of its focuses. The Earth’s attraction has the
same hind of influence on the Moon’s motion, as the Sun’s at-
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traction has on the wotion of the Earth: end therefore, the

Moon’s miption must bé aceelerated whilst she is
passing from her upoges to fer 3 and s gradually re.

tarded in moving from her pevigee to her apogee.

At the tumie of wew moon, the Moon is nearer the Sun than
the Earth is at that time, by the whole semidiameter of the
Moor\‘sorbit;whichgltlmeln state, i 240,000 miles; and
at the tull, slie is as much farther from the Sun thun e Earth
then is. uehtly, the Sun attiacts the Meon' Mmore than
it attracts the Earth in theformer case, and less in the latter.
The difference is gheatest when the Earth iy nearest the Sun,
and least when it is farthest from him. The obvious tesult of
this is, that as the Earth is nedrest to the Sun in winter, snd
farthest from hind in summer, the Moon's orbit must be dilated
m winter, and coptiacted in semmer. .,

'rhmmﬂnpdndﬁlamufthdmwdfﬁme,yhn
generally happens between the mean and true times of conjunc:
tion or opposition of the Sun and Moon:. As,to the other two
differences, viz. those which depend on the difference between
the anomalies of the Sun dnd Moon, and upon the Sun's dis-
tance from the lunar nodes, in the sysygies, they are owing to
+ the different degrees of attraction Sun and Eafth upon
the Moon, at greater or leds distandes, ding to their re-
fpcctive anomialies, and to the position 'of thy Moon's nodes
with respect to the Sun, *

If ever it should Happen, that the aneesalies of both the Sun”
and Moon were either nothihg or six signs, at the tmean time of
new or full moon, and the Sun should then be i conjunction
witlpéither of the Moon's nodes, all the above-thentiensd equa-
tions woul vanish, and the itiean and true titwe of the syzygy
would comcide: Bfit if ever this circtmstance did happen, we
cannot expect the like again in many ages sfterwards.

Every 40th lunation (or course of the Moon from change to
change} returns very nearly to the smme time of the day as
before: For, in 40 mean lunations there are 1448 days 23
houts 58 minutes 29 seconds 25 thirds, which wants but 1.poi.
nute 80 seconds §4 thirds of 1477 days. .

In 2958030085108 days, there are 100000000000 tiexn lu-
natighs exactly ; and tiis is the emallest number of patural
days in which any esact number of mean lunstions are com.
ple&ed. .

VOL: L
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TABLES FOR CALCOLATING ECLIPEFA.

CH. 21X,
Table 11 continged. New Style.  *

Viean Néw Moon]  Sun™ mean Moon™ mesn | Sun’s mean It
Yar of { © 10 Alaych. Anomaly. Anomaly. from the Node
Chmt. L

’n.n.x.a.' "'" & s wls &

TRT(I8 11 10 6] 8 17 21 59 3 21 22 24/ 2 16 9 59
1788 | 6 22 58 4218 6 87 511 2 1 10 20 2 24 3 40!
1789 (25 20 51 23| 8 25 0 8|1 647 35 4 2 46 4%
1790 |15 5 19 89| 8 1% 15 55(L1 16 35 40) 4 lo 49 3
1791 + 14 8858 8 31 471 9 26 =3 43| 4 18 52 2
170222 11 41 15/ 8 21 53 59/ 9 2 0 5: 5 =7 35 -4
1793111 20 20 511 8 11 9 51} 7 11 48 57/ 6 5 31 11
1704180 18 23218920382 3 61726 47 142113
170320 2351 8 81847 55 4 2711 9|7 2221 0
1796 8 11 89 44| 8 *§ 3433 7 2 11|8 0647
1797127 91221 896 25 39 212301909 9 948
1708116 18 1 1| 8 15 41 510 0 22 =7 25/ 0 17 12 385
179916 249 87 8 4 57 4311 2 1530 9 25 15 22
1800 02217 82319 5510 7 52 86)11 358 4
1801 14 9 10 53| 8 12 85 471 8 17 40 41}l 12 1 10
1802131759 29/ 8 1 51 6 ¥7 Z8 4611 =0 3 57
1803122 15 32 98201351/ 6 8 55 0846 38
180411 020458 92043 41253571 649 15
18050 9 921|728 45 31| 2 22 42 ¥ 11452 35
1806 {19 ‘642 1817 7 198 19 8 2%8 35 36
1807181530 487|8 628350 8 713/3 1383
1808!261? 817 8 84 45 4711 13 44 19| 1 10 2 <)
1809 15 21 51 53| 8 14 1 391 9 ¥8 82 “4| 4 18 24111
1810{5 6 40208 S 17318 8 2029 4 26 26 58
1811 413 9821 39 7 857856 & 959
1812112 18 1 45/ 8 10 55 35 5 18 45 40| 6 13 12 40
181312150218 011 3 %8 33 45 6 21 i5 23
1814 2039 23 lslsg 3 410511739 b8 24
181500 .31 878 7538311858568 8 111
1816128° 1 4417/ 8 26 15 43/ 0 19 36 2| 9 16 4 12
1817 {17 10 82,58| 8 15 31 35[10 29 24 7| 9 24 48 59
18{ 61921 20 8 447270 9 12 12[10:2 49 46
19125 16 54 9{8 23 9 89| 8 14 M AS|1L 11 32 47
1690 14 1 42 45| 8,12 25 31| 6 24 37 28|11 19 35 34

-
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Table I1 concluded. New Style.

Mecan Xn]loa'n TSun'lme;;t l}m'- mean | Sun's mean Dist
Your of| ™ March. Anomaly. Anomaly. from the Node,
Chn“'b.u.n.s.l"‘""‘”""’
*1821 (31027 /8 130395 4325311 2754 9
1622 22 759 45/ 8195250041010 41 617 11
1823111 16 48 19( 8 ‘9 8 41| 2 19 55 14 1 14 19
In21 (29 14 20 56| 8 27 30 51| 1 25 35 24{ R 23 3
1825 |lB 23 O 30181646430 525343 1 547
1826 |8 758 48 6 234101511 443 9 8 35
1827 [27 5 30 1] 8 24 21 44] 9 20 48 54 4 17 51 36
158 (15 14 19 16, 8 13 40 55/ 8 0 57 4 4 25 54 24
1520 | 423 7508 2562661025155 3 711
1830 |5 20 10 ‘7’ 821 18371 516 2 25 6 12 40 13|
1835 28 18 11 21' S 25 50 51110 96 41 16| 9 24 14 35
1810 |3 238178 116 6351131 80 5 849
1805 |8 020148 548 0822 0 563 16 43 15
1850 12 92 01181019 542 2 18 47 6 28 17

® All the tmes of now Moon, &c afier 1420 are computed from more acey-
rate data tha thos- used for the odier years,

Table 111, Meun Anomalies, and Suw's wean Distance Jiom the
Node, for 18} mcgn Lunations.

Mcan Sun’s mean Moon’s mwan | Sun’s mean Dist.

TLunauons Anonaly. Anomaly. ] fiom the Node.
;No' D. s M. 9 » ° “.q » [ ’ ” » [ ] ’ ”
4}2 20 1244 5{092) 61902549 001 0401
‘ 50 1928 611241259121 38 112 12
3 [s814.12 9227185821727 13 2 04
4 118 25612(3262517151316 94 240 56
5 147154015 42531374 9 &6 25 9211
6 177 4241859875005 454 56 4 12
7 ko6 17 selsssuwgow 7 4413
8 [256 5 52 24 7 22 50 33/ 6 28 3¢ 3B 5 21 5
9 PG651836 271821 3654wk 49 6 2
10 205 7208092 51481810 410 6 42

i () iy

11 504 20 4 3510 20 9“3'91359 511 7 22 34
12 [551 8 48 36011 19155210 948 50 B 2 47
13 .aa.galauoo:szslm 531 61 844 1
* 11141822 20113310612 545001520 7
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Toble IV. The the Year, reokoned from the begin-
Dq':lfngd'ﬂlrc& J: e

March.
April.
Mays
January.
February.

Days.

RELELR | Jue

3

g%

3
"'wm

A
SLo%y

33

<0

g2

7167] 98 [128 (159 |190 |20 [251 [v81 (312 [343
99 (129 160 {191 @21 (252 [282 [313 |34t
100 {130 {161 |192 [292 [253 [283 |S14 445

{ 70101
1010141{71102 16 347

111 1421721108 {138 |164 (195 (225 1256 2806 |317 [$48
121243173104 (134 (165 (196 [226 [257 [287 [318 |319

319 |350)
20 |351
321 352

169 30 1261 [291 322 [453
170 [20] 98] 1R62 |22 328 |51
171 [202 3¢ 03 |324 355
172 3 064 25 1356
173 [204 234 [RG5 1995 1926 |357

6

7

70

1

31 [362

96 1827 |358
97 [328 (359 1y
g8 829 (960
99 {330 Lﬂl

179 210 R40 1 1882 {.068
180 1213 {841 1272 (302 [433 [46%
81 e 3 1308 1331 Egg
182 [213 [248 1274 85

14 944 1275 |305 (336 { +
184 5 ) (987

»
L
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Talls V. Mean Lunations from 1 to 100000.
l.unn.ll)ayn.beehdpm-. D, R M. 8 W ™

1 29.55058085108Q = 901244 3 2 54

? 59.081 181702160 59 128 6 557

s 88.F 91779558240 . 881412 9 8355

4§ 118.129363494320 118 2 56 12 11 #94

51 147.632054255401 147 15 40 ]85 14 52

6L 177.1830451006481 177 4 24 18 17 50

71 206.714185957501 206 17 8 21 20 48

8] 246.244726808641 236 5 52 24 23 47

9| 205.775817659722 265 18 36+27 26 45

10 295.80590831080 205 7 20 80 29 43

20 [ 590.61181702160 500 11 41 6,39 <0
30 885 91772543240 885 22 1 81 29 10
‘40 usnz»st.u 14320 1181 522 1 58 53
501 1#76.52951255401 1476 12 42 32 28 $6
60 | 1771.58515106181 1771 20 8 2 38 19
70 | 2067.141359,7 561 2067 3 23 83 28 2
80 | 2462.11726S04611 2362 10 44 8 57 46
90 | 20587.75317659722 2657 18 4 34 27 29
100 2058.0590851080 2053 125 4 5712
200 59006.1181702160 5906 2 50 § 54424
%00 §859.1772558240 8859 4 15 14 51 36
100 | 116812.2863404320 11812 5 40 19 48 48
an 7065.2054255%01 14766 7 52446 0
L0 | 17718.8545106481 17718 8 30 29 48 12
00 | 20671.4185957561 20671 9 55 54 40 24
800 | 23624.4726808641 29624 11 20 39 37 96
o0 | 26577.5817659728 26577 12 45 44 34 48
1000 20530.590851080 29430 14 10 49 32 0
2000 59061.181702160 50061 42138 4 O
8000 68591.772553140 88591 18 32 28 36 0
a000 | 115122.363404820 118122 84318 8 0
5000 | 147652.954255401 147652 22 54 740 O
6000 | 177183.545106481 177188 13 4 57 12 0
7000 | 206714.135957561 200714 3 15 4644 O
8000 | 236244.726801641 2906244 17 26 36 16 O
9000 | 265775.317659722% | 265775 7 37 2548 0
10000 |. 295305.90851080 295305 21 48 15 20 0
20000 590614.87102160 590611 19 36 30 40 O
30000 '5917.72553240 8859171724 46 0 O
40000 {' 1181223.684048%0, | 11812231518 120 0
50000 | 1476529.54255401 1476529 18 116 40 O
60000 | 1771835.45106481 1771835 10 49 92 © 0O
70000 | 2067141.836957561 2067141 8 8T 47 20 O
80000 | 2369447.26808641 2362447 6 25 2 40 0O
90000 | 2657758.17639722 2657758 (4 1418 0 0
100000 | . 2058959.0851080 3953059 2 23382 O
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-
oM., XIX.

Tabl. V1. The' firet mean New Moon, with the mean Anomals of

the Sun and Moon, and the Sun's

n Intance from the Ascend-

ing Node, neat after complete Centulvies c‘)l‘Julian years.

Sun'smuan | Moon's wean

—

N lﬁ?‘ Ay ¥ -\n\n‘gmn
Jullaw New Moon. Anonuly. . Node.

L

unatins years. D, B M. %] ¢ ° A B L] 3 Y © ’
12571 1000 + 810520 8 218 15 23 419 0
24741 200} S 1621 4410 6 435 0 449 85
S711| 80013 0825710 10 g1 16 61 2 22
4948 | "400{17 sw%#o 15 2010 1 25 617 19
6185 {,500/21 1654 £1( 0 16 46,6 16 3011 7 16
421600126 1 5140 20 W5 2 12 826 1
L oabss | 70010 20 32 811 24 220 21 43 7 15 41
0893 | B0O| 5+ 425311 21 $HT T G0 45N
1152 | 9000 912534310 1 435 22 vy 121 2
12469 {100018 21 4 W0 4 230 7 51 915 58
15606 1100018 51582 0 7 468 23 1y 2 520
14648 11200122 13 26 240 11 7|5 8 85 623 17
16080 |1900/26 21 87 16/ 0 1¢ 2 1 28 5711 12 15
17816 [1400/-1 17 4 611 18 439 13 30 3 1
18558 {1500| 6 114 6811 22 45 28 59 7 20 29
19790 [1600{10 9 25.5081 25 25 2 1+ 14 0 9 56
21027 |TW0|14 17 86 4211 28 4610 20 46| 4 29 23
22964 1180019 1 47 35(0 2 7T 14 58 9 18 51
23501 {19003 9 58 2710 5 24 0 242 81y
24798° 18 91810 8 5000 15 42 627 &5
23974 [2100| 21586 811 18 A8 5 1510 16 52
21211 [2200| 6 21 47 1011 16 26 4 20 sas 6 0
28448 |2300{11 5 57 6311 19 471 5 89 7 5 27
20685 2400|115 14 8 45[11 23 9 2 201454
50922 126001190 22 19 3811 26 200G 6 43 5 4 22
32150 126D0j24 6 90 3011 29 500 2 2 4 9 23 49
93800 |2700(28 14 41 22({ 0 8 Ihy % 20 218 10
84692 128000 310 81111 7 26( G 26 M6 2 3
353%729 71819 311 10 413 14 211021 80
871 12 220 5611 14 8§11 27 48 810 58
58843 |91 wxouustu 17 3004 13 8 02
59580 |8200{20 18 51 40111 R0 51{ 4 28 27 0 19 52
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Table VI concluderd.
Thrat S:m'llman Moon's n:un Sunsine in Dt
Jalan| Ne® Moon. | Anomly. | Anomuly. from Node.
I vuton |
years DU M. ) ° FE B ° { s ° ’
0817 $s300l2s 3 2 esit 2+ 1201 18 5 9 20
12074 13400129 11 13 25{11 27 33( 9 20 11} 9 28 47
el 16 1018t 1 85 18 1 17 384
32 (00l 818 51 611 5 W2 4 6 7 1
15761 [5t0012 23 1 59l11 8 s0l10 19 0 26
17001 [9800(17 712 B11 11 5107 4 5008 15 5
1503 3000121 15 23 {11 15128 20 1908 5
09173 11000l 23 81 3511 18 830 5 sS40 24 5
0711 [4100] 0 19 1 27[10 22 | 7 25 4 13 87
51948 [#200{ 5 312171026 9 4 10 2949 38 5
55185 (1900 6 11 28 9ho 29310 25 5|1 22 ¢
5112004100013 19 84 1{11 2529 11 136 11 5¢
55630 [ 1500118 8 44 5411 6 13 5 20 1 1
36506 [4600122 11 55 46{11 9842 11 513 20 5
59193 14700126 20 6 88[11 12 5310 27 19{ 8 <10 21
S9369 | 4800] 1 15 33+€7/10 17 9]6 16 5211 29
60606 | 4000] 5 28 44 2010 20 81| 3 2 14 4 18+ 3
61843 [s000Q10 7 55 12[10 23 5211 17 9 8 3
63080 [5100(14 16 6 4{10 2H13|8 2 581 27 S0
61317 15200010 0 16 56{11 O SH 4 18 6 16 &
65954 |5300[23 8 27 49111 4551 8 4211 6 25
(6,91 |A100[27 16 88 41{11 7 16/9 19 '4 2 25 52
08028 [5500{ 2 12 5 800 11 81|5 8 8717 14 89
(9265 |5600{ 6 20 16 22/10 14 52| 1 28 590 4
70502 5700013 4 27 1510 18 14010 9 21/ 4 23 8
71739 |35800[15 12 38 7]10 21 35/ 6 24 9 18 1
2076 590019204859110 245613 10 &2 2 =W
74212 |6000jR4 4 59 52110 28 17R1 5 216 21

If Dr. Pound’s mcen Lunation (which we/have kept by in
making these tables) be added 74212 times to itself, the sum
will amount to 6000 Juhan ycars 24 days 4 hours §9 nunutes
51 scconds 40 thiurds; agreemg with the first part of the last
line of this table, within half a sccond.

-
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Table VIIL,

on, xix. ¥

.

Equation

é&ﬁ”ﬁhmﬂlﬂ»@

Au:mﬁ-l .
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oy
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31
29
28 181
1

12 370 81
11

10

91
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Takle IX. "The second Kquation of the Mean to the True Syzve 1.

> Argument.  Sun’s cyquated A nomaly.
- T ——
o l 5’ r 4 0l
% Signs. , Sign. sﬂt Segns. ‘b;gn’. Sgns. g
MW Mo 8. |H XM BlH. M. S.[M. M KM, M. L], M h. sl

0 12 488 47 s‘b 46 Mls 8 59|4 3t 5440

. |
21 568 51 459 45 S '
30 578 56 109 45 mﬁ ;
5 89 810 0 259 41 1117 M1

3 4 31'3 42 50
179 8 259 41 30

2 00 40 37 93 56 12 :sj..n
2

5 439 88 1907 27 223 33 gnfe
9 590 36 o7 21 Q) 21 12

6!
~

B8RS | 9%
- OF
oy

h-l:-li-l

9 22 119 34 187 1J 9013 15 112
ol 4;9 23 12.9 3R 1T 7 50;.; G 45!“"’
12 o #7 09 27 519 29 337 1 22 57 'n}m
122 11 1018 54 469 30 529 26 516 51 82 48 By
132 21 547 2 240 32 549 24 46 47 YR 89 381
142 92 847 9 529 85 129 21 %6 10 62 30 ¥610
1158 48 97 17 99 57 149 17 516 52 562 21 19015
. l16le 58 387 23 199 59 89 11 (86 25 4002 12 81
;p 4 31 189 10 519 518 18R 2 591
14 2417 38 ¢ 422;!3 i 10 4901 53 36|12
24 4207 41 5119 43 424 1 4% 1611
44 5
9 84 51_‘“’_’r_f* osls# 1 3% 5401
's 46 11[7 57 450 45 523 54 5005 47 G41 25 81 9
8 55 218 3 4G 388 50 245 40 41 16
4 5 9 579 47 138 5 485 82 91 G 41
44 25 15 4G9 47 868 41 2% 90 57 18
54 2% ’12J4740$36 516 50 47 44 5
64 85 sossgwtvmlssl 7 560 38 13| 4}
44 3211,J~7;§p25 4 50 420 28 41
54 1118 87 190 47 838 20 18/¢ 51 150 19 8
5 3 348 42 199 47 1418 11 894 43 20 9§ s4| 1
0 12 488 47 8:9 16 41!8 8 5014 31,380 0 3|0
] -8 v ¢
g Rigéa;'_ , __tl,;‘ll I Sq:_’ns.__ ___bl:xns. s:gr-.. ﬁ'ign\___ g
Subtr wt




CF. XIX. W TANERS RO CAETRAIRIC KoLtrus:
Table X. The Third Equation of the  Tuble X1, The Boursh Bquotion of the

mean to the true Sysygy. U meun to the srue Syeygy.
a7 m nl SIS ANOIM a=MBon + ANomt Avyumint. Bun's Listanoe fromn
lhngm. Signs. | Sygns, | "'g;.‘f -
' 0 Sub, lsuliasw. . : - —
E/:n/\ 7 Add} 8 Add 5}2"’9’1 5'8'::!:"'5'3
b &l s o) o u.n.x.l.x.-.EL
oo o2 29+ 120* lolo oozt fvzziso
1
nlo 52 264 15 1o 41 231 2
20 1002 8¢ ¢ 18es 20 71 241 20gs
70 152 844 2 s{o 101 25 1 18fe;
10 20/ 2 388 4 "2 4o 191 1 164206
30 252 4204 2 510 15 1 271 14es
6l o 30l ¢ 4 3024 6l o 2ol 1 28l 1 19s
710 8512 500 4+ 32es): 710 28f1 11
‘«E()4|)25&4342 0 26/1 801 82
90 152 58 & s621 0o 291 | 21
m|050|3 2 4 38 1000 821 s2l1 3¢
1o 53 3 1 1 1110 3511 3831 1
12 1 3 100 4 42t 1200 881 330 57)18
901 53 184 4417 1550 41l 1 384/ 0 5414
1411 1008 18 4 4611 14 0 1 34 0 5101
11 158 22/ 4 48) 150 4711 34 0 4915
1501 20/ 3 26 ¢ s50i1 16/ 0 50| 1 34 0 4514
1701 253 30l & 5118 1710 5201 340 41
15| 1 30{ 8 34 4 5212 18/0 54/ 1 840
191 358 384 53n 1900 571 880 S411
20 1 40/ 8 42) 4 54} Pdl o1 380 sij1
2101 458 454 65 i} 1 1 8200 28 ¢
221 1 49( 3 48 4 21 &1 S} o e38
23l 1 52| 3 511 4 57| 7 23l 1 81 80]0 22 %
les| 1 56| 3 54 & 5 41 10{1 290 1I
25| @ s 574 5 251 12]1 28/ 0 16 3
262 4|4 o/ 4 58 4 [2611 1 210 144
712" 9+ 34 5ssl 271 1 1681 200 Q, 10| 3
28 2 13| 4 4 58 2 k31 181 24 0 2
9 2 18] 4 4 .58/ 1 of 1 20 1. 24| 0 1
30| 2 9| ¢ 12'4 58} O so[ 1 22| 1 220 0

o

. | Signs. | Sigms. ol Bl | 4 | 3V |
E‘s:cn- ign -@E 5|ujs'sm} HH

3 4 Sub 3 Sub, N
A|1% Nadlio addl » Add S| Subtract

,

.
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Table XII. The Sx's mean Longilnde, Motion, dnd Anomaly.

Sun's mean | Sun's mcan
Motion. Anonaly.

g
l
£
}

8 o 4 #i% e
o

[ ]
~
-
L
®
~
T
-

7 53 106 28 48 0 111 29 45 1011 29 45
9 28 506 26 57 O | 211 29 31 2411 29 29
10 9106 26 1 0O 3]11 29 17 2011 29 14
10 54 306 23 5 0 0 0 15011 29 58
11 30 506°2¢ 9 O 11 29 47 3111 29 42
15 26 306 19 82 0 11 29 38 1111 29 97
16 11 18 36 © 711 29 18 52111 29 11
16 57 1086 17 40 O 80 o 34111.29 55
17 43 306 16 44 © 911 29 49 21'11 29 40
18 27 15 40 O 1011 20 35 <11 29 e
19 18 1016 14433 0 11011 29 20 211 %9 ¢
19 58 806 13 57 O 1220 0 5 31j11 29 53
20 48 546 13 1 O 111!95512112937
9 21 29 106 12 6 0 | 1411 29 36 3211 29 22
D 10 37 8 1 817 1511 29 22 88111 29 7
10 23 1 0 52 51 160 0 7 211 29 50
10 8 546 0 37 2 71 29 58 211 29 35
9 54 356 0 22 13111 29 38 4311 29 20
g401 0 63 1911 20 24 2311 29 #
9 25 5615 29 61 1 200 0 9 1211 29 48
11 87|15 29 35 45 400 0 18 2411 29 37
356: 01928 | 600 o027 361t
g 42 0o 4 80; 0 0 36 4811 29 15
0 27 48)5 20 48 38/ | 100 O owo‘uzp
91329520 3313/ (2000 1382 o1128 8
9581 016 48/ {80000 2 18 011 27 12
943576 0 181 | 4000 8 4 011 26 16
9 29 87|15 29 45 57| | 5000 0 8 50 011 25 21
915 175 29 30 32| | 60Ol 0 4 32 011 24 R5
10 0 0141 7000 0 5 17 2011 28 29
9 45 455 2 58 49| | 800l 0 6 2 4011 28 33
9 31 255 29 43 2 900 0 G 48 0|11 21 37
9 917 29 27 58 {1000/ 0 7 40 011 20 41
) 10 1 586 O 11 41| {2000{ 0 15 20 011 11 22
0 9 47 3385 29 56 15| 3000 0 22 40 Oy 2
0 83 13[5 29 40 5 0 1 0 13 2010 22
9 9 18 53/5 20 25 24| 6000/ 1 7 46 40{10 18 26
10 34116 0 9 11520 o010 4 6
9 49 22|5 29 55 42
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's mean Anomaly.
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Table XIT continued.
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ah TAULES FOR OALCULATING ECLIPSES.  OH. XIX.

Table XII concludid.

Sun’s mean Motion [Suesm Dnt{ Suns mean Motion [Sun’sm It
and Anawmoly. from N e and Anomaly from Node
H. * e ” o ” n o 4 o
M. r w " v ' M. r (X [
8. " om0 " owm um S "ot " o
1 |O 228(0 286§ 31 |11623]1 20 30
2 1]0 4356]0 512! 82 [11851 1183 6
3 |0 72410 THIB] 83 1121191 25 2
4 10 93511010234 8¢ |123171128 18
5 1012191012594 35 | 126151 80 5¢
6 0144701555 36 | 128 42(1 8329
7T (01715101811 87 1181101186 5
8 [01943]020 47 ] 38 | 1833311 48 40
9 j0211[0232] 39 [136 61141 16
10 [02¢38[ 02558 40 | 14884 /(1 4852
11 (027 610283+ 41 |141 2114628
12 1020341081100 42 1143380(1 10 4
13 (082 203345 43 |1 453711 51 89
14 1038430103621 44 11482511 5415
15 1086 58] 0 38 57 45 (150331155 51
16 (0392 | 04133 46 |163 21159 27
17 (04153104 81 47 (1554912 ¢ 8
18 {04421 04644 ) 48 |1 581712 439
19 [04649/04920] 19 [2 0Yt|2 713
20 |04917|03166§ 50 |2 31228 9450
21 {0A1 4510534821 51 |2 540212925
22 |054131057 8 52 |12 8 8215 ¢
20 0564005943 563 | 21036217 38
24 |0§9 81 219 54 [ 213 4|2 20 14
25 |1 1361 455] 55 [21532]22250
2 |1 4 4|1 731) 5 [21759 | 22520
27 |1.632(110 7| 57 (9227|228 2
28 |1 9 0111243 ) 58 |22255]23038
2 (1112|11519] 59 |22523|233 14
80 111855111755k 60 |2 27 51 | 2 35 50

- In leap-years, after February, add onc day and one day’s
motion.
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TABLYES FOR CALCULATING lcurpxs.
tween kis Mean and True Place.

Table XII1. Equation of the §
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TABLES FOR CALCULATING RCLIPSES.
* Table XIV. The Sun's Declination.

CH. XI1X.

Argument. Bun's true Place.

T
} o N. 1 N 2 N. }

8 S. 78 8 s.
0 0 11 30 ‘| 20 11 30
1 0 26 | 11 51 | 20 24 | o9
? 0 48 12 11 20 36 28
3 1 12 | 12 92 | 20 48 | 97
4 1 8 | 12 53 | 20 59 | o6
5 1 69 13 13 |. 21 10 5
6 2 23 13 83 21 21 24
7 e 47 18 53 21 81 23
8 3 11 14 12 21 41 22
9 3 84 14 381 21 50 1
10 3 58 14 50 21 59 20
11 4 22 |15 9] 2 8|19
12 4 45 15 28 22 16 18
13 5 9 15 46 22 24 17
14 5 32 16 4 22 31 16
15 & 55 16 22 22 38 15
16 6 18 16 39 22 45 14
17 6 41 16 57 22 51 13
18 T 4 17 14 22 56 12
19 T 27 17 30 2 2 11
20 7 50 17 46 2 6 10
21 | 8 13|18 2| 2 11| 9
22 8 8 18 18 23 14 8
23 9 57 18 83 28 18 7
241 9 2 18 48 23 21 6
25 9 42 19 38 23 21 5
26 10 4 19 17 23 25 4
27 10 25 19 381 23 27 3
28 | 10 47 19 45 23 28 2
29 11 8 19 58 23 29 1
30 11 80 20 11 28 29 0

Bigus. Signs. Signs.
g- 148 10 S. 9 S. E
- 3 N. 4 N. 3N
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TABLES FOR CALCULATING ECLIPSES.

Table XV. Equation of the Sun's mean Distance from the Node.

CH. XIX.

EEIREREE
S & St | —
@+ |a
..m SEBI |[URLEI (P53 [ZREAN FrBno
|m~coc0o |ooooo |o0cCcco |ooeoo coooo
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TABLES FOR CALCULATING ECLIPAES,

Table XVI. The Moon's Latitude in Eeclipses.

Argument.  Moon's equated Distance

L fl‘unthel:g::

0 Sgne

North Arcending.

6  Nigne.

Sonth Ascending.
0 0 0 0 30
1 0 5 15 2
210 10 % 28
3 015 45 27
410 2 5 | 2
5 0 2 13 25
610 31 2% 21
1 0 36 3 23
8 0 41 51 22
9| 0 47 2 21
10 | 0 52 13 20
11 0 57 28 19
12 1 2 31 18
13 1 7 38 17
14 1 12 44 16
B{11m8® ]|
16 | 1 22 52 14
17 |1 21 53 | 18
18 | 1 82 52 12
19 {1 87T 49 | 11

1]
NMED?E:.&-;.
11 Bigns.

cn, XIX.

This table shews the Moon’s trae latitude a little beyond the
utmost limits of eclipses,
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TABLES FOR CALCULATING ECLIPSES,
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Table X} II. The Moon's horizontal Parallas, with the Semida-
maters, and {rue Horary® Motions of the Sun and Moon, o every
sirth Dogree of thewr mean Anomalies, the Quanhties for the inter
mediate Degrees being easily proportioned by Sight.

B_l oon's

—————

! Anomaly | Moon's | Sun'sNe- | Moon’s Buns | Anomaly
of Sun‘and| honizontal | nndiame- | Senudiz- | Horary | Horary | of Sunand
Mo, Parallaa. | tu, o | meter. Motton. | Moncn. | Moon.
0O O3+ 20(15 50|14 5+{30 10| 2 23/12 O
G4 81|15 50011 55130 1212 23 24
12054 81{15 50|14 3G(30 51|2 2 18
18154 W15 5114 5730 19 2 2 12
5+ 17|13 5114 58|30 20( 2 28 6
T 0[5% 6'15 52[14 59|30 842 2411 O
6135 6|15 53|15 1|30 44| 2 24 24
12155 17|15 5%|15 4({90 565(2 2% 18
1855 20115 55|15 8(31 9|2 24 12
24|55 1‘3'15 5615 12({31 232 25 6
=
2 0155 36/15 58|15 17(481 4012 25]10 O
6136 1215 59(15 22|81 356|2 26 24
12056 20116 1|15 26|32 15|2 27 18
856 48(16 2|15 80(42 892 27 12
2157 8{16 4|15 86G(43 11|2 28 6
3 0157 3016 6|15 41{33 23|2 289 O
. 6157 52|16 8|15 46|33 47[2 20| 24
. 12158 1216 10{15 52|34 11|2 29 18
| 18158 31116 11115 58{34 24/2 29 12
24|58 49116 13|16 334 g8|2 80| 6
¥ 0159 6[16 14{16 9|85 222 80/8 O
6|59 21[16 15|16 1+|35 45|2 81| 24
- 12159 35|16 17|16 19|86 0] 2 31 18
18159 48|16 19|16 24|36 20| 2 32 12
21160 0|16 20){16 28|36 4|3 82 6
5 0[60 11|16 21[16 81|37 0|2 87 O
Gl60 21116 21|16 82|37 10| 2 33 24
12{60 3$0{16 22|16 87|87 19|2 33 18
18{60 58116 22116 88|37 8|2 33 12
24|60 45[16 23[16 s9[s7 36|2 93 6
6 0l60 45116 2516 39187 40'2 3|6 0
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To calculate the truc T'ime of New or Full Moon.

Precept 1. If the required time be within the limits of the
18th century, write out the mean time of new moon in March,
for the proposed year, from Table I, in the old style, or from
Table IT, in the new; together with the mean anomalics of
the Sun and Moon, and the Sun™ mean distance from the
Moon’s ascending node.  If you want the time of full moon
March, add the half lunation at the foot of Table I, with ite
anomalies, &c. to the former numbers, if the new moon talls
before the 15th of March; but if it falls after, subtract the
half lunation, with the anomahes, &c. belonging to at, from the
former numbers, and write down the respective sumns or re-’
mainders.

I1. In these additions or subtractions, observe, that GO «e-
conds make a minute, 60 minutes mahe a degree, 30 degreds
make a sign, and 12 signs mahe a arcle. When you excedd
12 signs in addition, reject 12, and <et down the remamder.—
When the number of signs to be subtracted 1+ greater than the
number you subtract from, add 12 signs to the lesser number,
and then you will have a remamder to set down.  In the tables,
signs arc marked thus,’ degrees thus,” minutes thusy and w«-
conds thus.”

ITI. When the required new or full moon is in any given
month after March, write out as many lunations, with their
anomalies, and the Sun’s distance from the node, from Table
III, as the given month is after March ; setting them in order
below the numbers taken out for March.

IV. Add all these together, and they will give the mean time
of the required new or full moon, with the mean anomalics,
and Sun’s mean distance from the ascending node, which gre
the arguments for finding the proper equations.

V. With the number of days added together, cnter Table
IV under the given month ; and against that number you have
the day of mean new or full moon in the lefi-hand column,
wl:‘i;‘:h set before the hours, minutes, and scconds, already
foind.

But (as it will sometimes happen) if the said number of days
fall short of any in the column under the given month, add one
lunation and its anomalies, &c. (from Table III), to the fore-
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said sums, and then you will have a new sum of days where-
with to enter Table IV, under the given month, where you are
sure to find it the second time, if the first falls short.

VI. With the signs and degrees of the Sun’s anomaly, enter
Table VII, and therewith take out the annual or first equation
for reducing the mean syzygy to the true ; taking care to make
proportions in the tablg for the odd minutes and seconds of
anomaly, as the table gives the cquation only to whole de-
grees. o

Observe, in this and every other case of finding cquations,
that 1f the ~igns are at the head of the table, their degrees are
at the left hand, and are rechoned dowrwards; but if the signs
are at the foot of the table, their degrees are at the right hand,
and are counted upwards ; the equation being in the body of
the table, under or over the <igns, in a collateral line with the
degrees.  The titles Add or Subtract at the head or foot of
the tables where the signs are found, <hew whether the equa-
tion 14 to be added to the mean time of new or full moon, or to
be subtiacted from it In this table, the equation is to he suwd-
tracted, if the signs of the Sun’s anomaly are found at the head
of the table ; but it is to be added, if the signs are at the foot.

VII. With the signs and degrees of the Sun’s mean anomaly,
«nter Table VIII, and take out the equation of the Moon’s
mean anomaly ; subtract this equation from her mean anomaly,
if the signs of the Sun’s anomaly be at the head of the table, but
«ld it if they are at the foot ; the result will be the Moon’s equa-
ted anomaly, with which enter Table IX, and take out the se-
cond equation for reducing the mean to the true time of new or
full moon ; adding this equation, if the signs of the Moon's ano-
maly arc at the head of the table, but subtracting it if they arc
at the foot, and the result will give you the mean time of the
required new or full moon twice equated, which will be suffi-
ciently near for common purposgs. But when you want to
calculate an eclipse, the following equations must be used.—
Thus,

VIII. Subtract the Moon's cquated anomaly from the Sun’s
mean anomaly, and with the remainder in signs and degrees
enter Table X, and take out the third equation, applying it to
the former cquated time, as the titles, Add or Subtract, direct.

IX. With the Sun’s mean distauce from the ascending node,
enter Table X1, and take out the cquation answcring to that
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argument, adding it to, or subtracting 1t from, the former cqua-
ted time, as the titles direct, and the result will give the ume
of new or full moon, agreeing with well regulated clocks or
watches, very near the truth. But, to make it agree with the
solar, or apparent dime, apply the equation of natural days,
found in the tables (from page 138 to page 156), s 1t 1v leap-
year, or the first, «cond, or third after.

The method of calculating the tunc of any new or full moon
without the limts of the 18th century, will be hewn further
on; and a few examples compared with the precepts, will mahe
the whole work plun. .

N. B The tables begin the day at noon, and rechon forwards
from thence to the noon following  Thus, March the 814, at
a2k 30™ 25° of tabular time, 1 Aprl Tst (in common 1cchon-
mg) at 30 25* after 10 oclock m the moinmg

Ex. L—=Required the hrue ime of New Moon in Apral 1704,
New Myle ?

By the Precepts New Mon. |bu 1N Anom I\lc om&nom.!bun from nod
[V S SR

March 1764, 2 835868 220 0101335 2L11 4 5 40
Al Lunstion, [2912 44 3020 61902049 a{1 04011

Mean New Moon, 31223939 9 1261911 92421 0 535 2
Y'irst Equation, + 410 4112 10 59 18+ 1 34 87 .
Sun from node;

Tire once equated, [32 150 19 9 20 27 111 10 50 18 and Arg &'
Second Equation, ,:’- 3 49:Arg 3equat/Arg 2equat | equation.

Time twice equated, 131 22 25 !
Thurd Equaton, + 437 So the true time 18 22 h. 30 nun. 25

99 ¢ soe after the nnon of the 3t«t March;
Time thrace equated, |3| 23 ;i that 19, Apnl Ist, at 30 min. 25 sec.

Fourth Equation, 18 afher 10 the morning.  But the appa-
31 22 30 runt time 19 26 mun, 37 sec after 10 1
- 34 ﬁamormng.

True New Moon,
Fquaton of dayp,

Apparent te, 31 22 26 97|
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Ex. IL.—Required the truc time of Full Moon in May 1762,
New Style ¢

By the Precepts. New Moon [Sun’s Anem |Maon sAnoni {Sun{frum node

D w. ¥ |8 ° A L
Murch 1762, 24 15 18 24] 8 9% 48 161 23 39 11{10 18 49 14
Add2luttions, 39 128 G 128123912138 1f2 1202
New Moon, May, [22 16 46 3010 22 0 5% 81537 120020 9 4
Subt { Lunation, |14 18 92 2/ 0 14 33 10] b 12 54 :w' 01520 7
Full Moon, May, |7 22 24 2610 727 45]9 2 0 4
Tust I uatwn, + 3103609 8567 18+ 1

Time once equated, | 8 I 11 1 3930279 357 18 and Arg. 4
Second 1'quation, — 9 47 5! .\rg 3'¢qual Arg 24 equat.| cquation.

Time twie cquated, | 7 15 53 11

Tlurd Lquation, — 2 30 Ane May 7th at 15 h. 50 min. 50

7 15 50 33| “er past noon, vi/ Moay 8th, at J h. 50
e 3 sex. 1 the morning

Tume thrice equated,
Pourth Equation, + 15

True ¥ ull Moon, | 715 50 5

To calculate the time of Nevo and Full Moon in a given year
and month ¢f any particulur century beinen tlu' Christian
cra and the 18th century.

Precept 1. Find a ycar of the same number in the 18th cen-
tury with that of the year m the century proposed, and take
out the mean time of new moon i March, old style, for that
year, with the mean anomalies, and Sun’s mean distance from
the node at that time, as already taught.

II. Take as many complete centuries of years from Table
VI, as, when subtracted from the above-said year in the 18th
century, will answer to the given year; and take out the first
mean new moon and its anomalies, &c. belonging to the said
centuries, and set them below thosc taken out for March n the
18th century.

III. Subtract the numbers belonging to these centuries, from
those of the 18th century, and the remawdcrs will be the mean
time and anoma.hes, &c. of new moon m March, m 'he given
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year of the cerftury proposed. —Then, work in all respects for
the true time of new or full moon, as shewn in the above pre-
cepts and examples.

IV. If the days annexed to these centuries exceed the num-
ber of days from the beginning of March taken out n the 18th
century, add a lunation and its anomalics, &c. from Table ITI,
to the time and anomalics of new meon in March, and then
proceed in all respects as above —This circumstance happens i
Example V.

. .
Ex. L.—Reguired the truc time of Full Moon an Apral, Old Style
A.D. 302

From 1730 subtract 1700 (or 17 centurtes) and there remamns 30.

By tiw Precepts. New Moon | Sun’s Anom. | Moon sAnow l[\unlnuu nuh%

H. M. sls8 ¢ ' 'q.“"]u v o
March 1730, 71231100818 431y oa217 1281716
Add ) Lunsion,  [14 18 22 zlou:mmiow:.a. 0152 7
Full Moon, 656109 2474131326472 8372
1700 years subtract, {14 17 36 4211 28 46 /10 20 36 @ 4 29 23
Full )Mu.;.n.aou 1319 36/ 0 351 41 4 13 60 4719 © 14 3
Add | Lunation, 1244 3039 61902549 0} 04014
Full Moon, Apnl, [6 2 33000 258 o 5 9so:glm 9 a4 97
First Equation, + 328 45105 4004 118
. e !Sun from node
Time once equated, | 6 0 31 43 4 21 59 20{ 6 10 58 40/ and Arg. 4'
Second Lquation, + 25874 3 eyquat]Arg. 24 equat.| equation.
Tyme twice equated, | 6 a:u:n[ -

Eq ’ — . M{lhc‘nec 1t appears Ihnthetr:,e l‘;nm of

Time thrice equated, | 68 8 26 37 oon 1 April, A. 1. 30, Style,

-— was on the Gth at 25 m. 4 sec. past
Fourth Equation, 133 hndwmhg‘h pas
Tr. Full Moo, Apr 6 8 25 4

: s

To calewlute the truc time of New or Full Moon, in any given
year and month before the Christian cra.

Precept 1. Find a year in the 18th century, which, being
added to the given number of years before Christ, diminished
by one, shall make a number of complete centuries.
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I1. Find this number of centuries in Table VI, and subtract
the time and anomalies belonging to it, from those of the mean
new moon in March, the above-found year of the 18th century,
and the remainder will denote the time and anomalies, &c. of
mean new moon in March, the given year before Christ.e—
Then, for the truc time thercof, in any month of that year,
proceed as above taught.

Ex. IV.—Required the true time of New Moon in May, Old Style,
the year before Christ 5852

The years 584, added to 1716, make 2300, or 23 centuries.

By the Preccpts. New Moon. lSnn’u Anom.Moon's Anom.|Sun from node]
[o. . mosls. ¢ #la o s mig o s
Mareh 1716, 11 17 33 29| 8 22 50 4 414 42717 §
2300 years subtract, [11 5 57 5311 19 47 0/ 1 5 59 (’)I 72527
Mar. before Chr. 585,/ 0 11 35 36(9 3 33922816 209 150 §
Add 3 Lunatons, 88 14 12 92271858 21727 1|3 2 0 42
May before Chr. 585,128 1 47 45/ 0 02237/ 51642 30 3 50 4
T'ist Lguation, - 137515411 -
un from
Time once equatel, (28 146 & G 14 41 20( 5 16 41 17| and Arg. 4
Eaquaton, + 215 lArg.3eq 18- 24 equat.] equation.
Time twice cquated, [28 4 .
Third Equation, + 80 the true time was My 38, at 2
Time thnce equated, 4 munutes 30 scconds past 4 in the after
Fourth Equation, Boon.

‘I'fue New Moon,

These tables are calculated for the meridian of London, but
they will serve for any other place, by subtracting four minutes
from the tabular time, for every degree that the meridian of the
given place is westward of London, or adding four minutes for
every degroe that the meridian of the given place is eastward :
Thuge—



m'iu AND BXANFPLES CH. X1X,

Fx. V—Roquired the true trme of Full Moon at Al xandru i Egypl,
in Scplember, Old Style, the year before Christ 2012

‘The years 200 added to 1800, make 2000, or 20 centuries.

By the Precepts. New Moon. !Smn'u Anom.{Moon \.\mn.:h\lnﬁnmnnd
n.u.x.s.‘a. vttty v ’In. v v
March 1800, 13 02217 8 23 19 4510 7 22 3611 3 o 24
Add 1 Lunation, |20 12 4 302 6190254 o1 00l
From the Sum, 1213 620 922261011 341360 4383
Nubtract 2000 years, iy 19' [ 1) 0. 0 1o 42 0' 627 45 V)
N.M. beforeChr 201,] 14 38 57 )] 9 13 36 1410 17 50 36' 5 6 53 34
6 Lunauons, (177 4 18 524 37 90 5 451 3.6 4 124
Add {lnlf Iunsoon,| 14 18 22 2‘ 0 14 33 10,612 54 :mI 01520 7
Full Moon, Sept. | 22 17 43 21| 8 22 47 2010 5 46 911 26 15 9
Tust Yquation, — 332 410 119 86— 124 1y
Sun from node
Time once equated, | 22 13 51 13l & 18 27 2510 4 19 55 and Arg. 4
Second Equation, — 825 JArg 3equat. Arg. 24 eqquats equatwon.
Time twice egumd, 2 52011
Yiquation, . "Thus 1t appears that the true tme of
ice equated 4 full Moon at Alexandris, in 8cptember,
'lsxlhwl'n:;zon ol Rl f : Old Style, the year beforc Chnst 20]:
? was the 22d day, at 26 nunuwes 24 see
True time at London 22 5 25 1| @twnds afur 7 in che evemung,
Add for Alexandna, 2 127
True time there, 22 726
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Ex. VI—Required the true time of Full Moon at Babylon in October,
Old Style, in the 4008tk year before the first year of Christ, or
4007 years before the year of Jus birth ?

The years 1007, added to 1793, make 5800, or 58 centuries.

By the Precepts. Now Moon. [Sun’s Anom. Moon'aAnom.!Bunﬁnm
D. R Mo b |n% © 4 7lg & ¢ g © ¢t
.

March 1593, 30 9133391016118 737687 618
Subtruct 3400 years, | 15 12 38 7|10 21 3 0*(5 24 43 213 41
N. M. bef. Chr. 4007,| 14 20 35 48/10 18 41 11j 1 12 54 58 » 23 17
Add 7 Lunations, 206 17 8211623 44 15/6 043 317 4 41

balf Tunaton,| 14 18 22 2] 0 14 33 10| 6 12 54 015 20 7
Tull Moon, October, | 22 8 6 11} 5 26 58 1263231613 19 11
1 nst Lguation, — 13 2’1 126 27 2 -_— 5

Sunfrom

Time once cquated, | 22 7 62 45 4 0 31 10 1 26 27 26} and Arg. 4
Scecond Viguation, + 8 20 2YArg. 3 equatiArg.2d equat.! equation.
Timc twice equated, | 22 16 22
1 urd Fquauon, | - 41 So thet, on the meridian of L.ondon,
‘T'ime thrice cqunled. 22 10 l7 B the true time was ()cmbu!S, ltl1m

1 ourth Liquatwn,

— 3]

5 sec. past 4 1n the morning ; but at Ba-
bylon, the true time was October 23, at

. 42 mn. 46 sec. past 6 m the i
F'ull Moon at I.ondon,|,22 16 17 pa INOTTURG.
. - —This 18 mpposed by some to have been
Add for Babylon, 225 41 of :
‘Fru- time there, 2 138 4'_9 4

-
To calculate the truc time of New or Full Moon in any given
ycar and month after the 18th century.

Reccept 1. Find a ycar of the same number in the 18th cen-
tury with that of the year proposed, and take out the mean time
and anomalics, &c. of new moon in March, old style, for that
year, m Table I

II. Tuke so many years from Table VI, as, when added to
the above-mentioned ycar in the 18th century, will answer to
the given year in which the new or full moon is required : and
take out the first new moon, with its anomalies, for these com-
plete centuries.

III. Add all these together, and then work in all respects as
above shewn, only remember to subtract a lunation and its ano.
malies, when the above-said addition carrics the new moon be-
yond the 3lst of March, as in the following Examplc}
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5
Ex. VII,—Required the true time of New Moon in July, Old Style,

A.D. 21807

Four centuries, or 400 years, added to A. ». 1780, make 2180.

By,the Precepts. New Moon. [Sun’s Anowm.{Moon s nom.San fromnode]

D, R M. 8|% ° 7 “is ° / V|m * v
Maréh 1780, 9 418131121 747101821 1
Add 400 years, 01324 010 1328 061749 o|
From the sum, 9 17 42 1311 22 35 47| 610 1}
Subtract 1 Lunation, 029 6190 25 49 0401
New D Maxch 2180, 818 35 5410 36 46 47| 4 5 20 4
Add 4 Lunatwons, {1 3262517} 31316 2{ 4 3 40 &
New % July 2130, 0156 111210 2488 810 4
First Equaton, 3 938 -24 1

Sun from

‘Trnue once equated, 0 522343 93837 and Arg.
Second Equation, Arg. 3 eq rg. M equat.| equation.
Time twce equated, '
Thurd Equauon, True time, July 8, at 22 mun. 55 sec.
Time thrice past 6 an the even
Fourth Equaton,
True time, July,

Tn keeping by the old style, we are always sure to be nght,
by adding or subtracting whole hundreds of years to or from
any given year in the 18th century. But in the new style we
may be very apt to make mistahes, on accqunt of the leap-year's
not coming in regularly every fourth year: and therefore, when
we go without the limits of the 18th century, it will be better
to keep by the old style, and, at the end of the calculation, re-
duce the tyme to the new. Thus, in the 22d century, there
will be 14 dayy difference between the styles; and therefore, the
true tinie of new moon in this last cxample being reduced to
the new style, will be the 22d of July, at 28 minutes 55 scconds
past 6 in the cvening.
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T calcwlate the true place of tie Sun for, any ghocn moment of
dime. Fev

Precept 1. In Table XII, find the next lomix year in mam.
ber to that in which the Sun's place is sought, and write eut
his mean longitude and gnomaly answering thereto: to vhich
add his mesn miotion and anomaly for the coutplate residud of
years, morths, days, hours, minutes, and seconds, down to the
given time, angd this will be the Sun's mean place and asomaly
at that time, in the old style, provided the said time be in any
year after the Chrigtian era. See the first fllowing Eromple,

IL. Encer Table XIf1, with the Sun's mean snomaly, and
making proportions for-theodd minutes and sequmds thereof,
take out the equation of the Sun's centre : which, being spplied
to his mean place as the title 4dd or Sublruct divects, will give
his true place or lemgitude from the vernal equinox, st the time
for which it weh required.

IIL. To calculate the Sun's place for any time in a given
vear before the Christian era, take out his mean longitude and
anomaly for the first year thercof, and frem these numibsers sub-
tract the mean motions and anomalies for the complete lumdreds
or thousands next shove the given yeat ; and, to the remuinders,
add those for the residue of years, months, &c. and fhen work

in all respects as above, See the sevond Evample fidlowing.

Ex. L—Required 4kt Swn's true place, March %0, Ol Style, 1764,
at 22 hours 30 winyles 35 seconds pagt noos P—In common reobons
ings March 21, at 10 Aours 30 minyles R5 seconls in te fovongen.

L}

)

)

3 o

Sony Lopgie| B Az
. o ¢ ' wfu v row
T'o the madical year sfter Christ 1701 - Jpwessof 633 1
Add eomplete years  » - " I:”,g“ ﬂgﬁ
e B
Mo " . e g
Bocoods . o v X
s R T R T
Sun'stoeplaceM thosmetime <« < 01910 19007 3 10 19

VYOL. X i
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Ex. Ti~-Roguiralbife Sin's true place, October 93, O Style, at 16
Aours 87 wisidus ‘past noon, in the 4800tk year before the year of
Christ 1 ; whinh way the 400V Ygforw the year of hie birth, and

the year of the Julian period 706 ¢ .
« By the Procopss. . * Sun's Longit. | Sun’s Anom.
] vle ® ¢ 0 1% o ¢ ¢
From the yadical numbers after Christ 19 76390 62848 0
Subiract thoee for 5000 complete years - 1 76600001325 9
Remans fir 8 new radix - - 8 0 63%] #1533 0

{1 - =

To which add, 120 0 520111 953
&Jm"....,-” Days ':4:‘1‘; 'gd'n
¢ 2
) Hours ? 39 20 39 2

Minutes B 220 2
Sunsmean placcatfhe giventime . - |6 0 3 4| 898 33 50|
Equation of the Sun's ¢entre dubtract - 3 4 snn'lAnum.'
Sun’s true place at the ssme U - - 6 0 0,000 o'

'

8o that in the metidian of London, the Sun was then juat
entering %he sign = Libwe, and, consequently, was upon the
point of the sutumnal equinox. .

IF to the above time of the autumnal equinox at London, we
add 2 bours 25 minutes 41 seconds for the Jngitude of Baby-
lon, we shall have for the time of the same equinox at that
pisce, October 234, at 19 hours 28 minutes 41 sacondss which,
in fhe comman wity of reckoning, is Oclober 24th, at 22 -
nutes 41 secomile past 7 in the morning.!

' Th vessim ‘why this caloulation makes the suscmal equingx, in the year of the
Juliga period 508,10 be two viags sooner than the time of e same equinox wen-
tioned ia § PAR,.Js, thet in that page, only, the mean time is taken into the ac-
count, as if thipwntas no eguation of the Sun’s motlon.

The squation st the sutamnal squinox then, did net exdssd andonrand » quarter,
when reduced to thine. But, in the year of Christ 1756, which was 5763 years after,
the equation ss the autuennal equinox amounted 0 1 day #3 hours 24 minutes, by
which quantity, the true time fell later than the mesn. 8o that, if we consider the
true ume of this last-mentioned equinox, only as msan time, the mean mution of the
Sun carrigd themee back te the sutunmal equinex in the yesr of the Julian period
m,wmﬂqu‘ﬂuMoIOMinmm.
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And it appears by Example VI, that in the sune yesr, the
true time of full moon at Habylon was October £3d, at 42 mi.
nutes 46 seconds after 6 in the mornings so that the autumnal
cquinox was on the day next after the' day of full moes. The
dominical letter for that year was @, and consequently the Sith
ol-OctobermonaWednadﬂy .

Ny

%MWSmoMmﬁmﬁeMwnumdagNndc af
the time'of any given New or Full Moon } and, amaqmlly,
to know whether there is an Eclipse of that time or not.

The Sun's distance from the Moon's ascending node, is the
argument for finding the Moon's fourth equation in the sydy-
gleu,andthemforelmukenmtoa!!theforegmngemphm
finding the times thereof. Thus, at the time of mean new
moon in April 1764, the Sum's mean distance from the ascend-
ing node, is 0" 5° 85 ". Sec Example 1, p. 282.

The descending node is opposite to the ascepding one, and
they are just mx signs distant from cach other.

When the Sun is within 17 degrees of either of the nodes at
the time of new moon, he will be eclipsed at thas time: and
when he is within 12 degrees of either of the nodes at the time
of full moon, the Meon will be then ecliped. Thus we find
that, there will be an eclipse of the Sun at the sme of new
mooo in April 1764.

But the true time of that new moon comes out by the equa.
tions to be 50 minutes 46 seconds later than the mepn time
thereof, bymm&mhmm&e sbove example; and,
thcrefme, we must add the San's motion frem the node dori
that interval, to the above mesn distance @ §° 8F 2, whicl
motion is found in Table XII for mmhmlﬁm to be
2 12". And to this we must apply the equation of the Sun’s
mean distance from the node in Table XVy found by the Sun's
maomaly, which, at the mean time of new moon i Example I,
is 0 1° 26 19”; and then we shall have the Sun's truc distance
fmmthc-nodo,atthetruet:unonl‘nevnnoon,asi’ollow,:ir
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Sun trom Node

At the mean time of 2w tbon In April 1§64 - 0535 ¢
Sun's motion frem the node for { %mm - .t 2 'g
Bun‘smdhuuﬂunmdenn:mm . 0387 14
Equation of mean distanco from node, add . 2 460
1 - r———

Bun's true distance trom the ascending node - 074821

Which being far within the above limit of 17 degrees, shew
that the Sun must then be cclipsed.

And now we chall shew how to project this, or any othe
celjpse, eithet of the Sun or Moon.

T'o project an Edlipsc of the Sun.

On the In order to do this, we must find the ten follow-
joctom of w- ing elements, by means of the tables.

T e 1., The true tinc of conjunetion of the Sun and
Moon; and at that time, 2. The semiciamcter of the Larth's
disc, ab seen from the Moon, which is equal to the Moon’s ho-
rizontal parallax. . 8. . The Sun’ distance from the solstitia} co-
lure to which, he is then nearcet. 4. The Sun’s declination.
5. The angle of the Moon's visible path with the ecliptic. 6
The Moon’s latitude. 7 The Moon’s true horary motinn fyom
the Sun. 8. The Sun’s sémidiameter. 9. The Moen's. 10.
The semidjameter of the penumbra.

We shall now proceed to find these elements for the Sun’s
eclipse in April 1764.

To find the true time of new moon—This, by Example I, p.
282, is found to be on the first day of the maid month, at 30
minutes 25 seconds after 10 in the morning.

2. 7% find the Moon’s horizontal parallgx, or semidiameter of
the EartR's disc, as scen from the Moon.—Eunter Table XVII,
with the ngmmddegree-ofthexoonsmmdy (making
praportions, beesuse the anomaly is in the table, only to every
6th degree), ‘and thereby take out the Moon's horizontal pa-
rallax ; which, for the above time, lnwurmg to the anomaly
11 9” 24 21", is 64 §3".

. To find the Sun's dwlameﬁow: the mmrt solsticc, vix.
llu' btgmmng of Cancer, shich is 3* or 90° from the beginning
of *;a .1t appears by the example on page 289, (where the

o
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Sun's place 15 caleulated to the above time of new moon) that
the Sun’s longitude from the begmmngofAms, is then 0* 12°
10 127, that is, the Sun’a place at tht time is  Aries, 12°

10 12" '

Thercfure, from . - ’ - 3000
Subtract the Sun's longitude or Mace -, - 0121012
Remuns thesSun's distance from the solstce gz - - 21749 48

Ur 77° 49 487; each mgn containng 30 degrees.

4. To find the Sun’s diclination~Enter Table XIV, with
the signs and dcgrees of the Sun’s true place, viz. 0* 12", and
mahing proportions for the.10 19", take out the Sun’s declina-
tion answering to his truc place, and it will be found to be
¥ 9’ north,

. To find the Moon's latitude.—This depends on her dis
mue(. fiom her nwendmg node, which is the same as the Sun’
distanee from 1t at the time of new moon ; and is thereby found
m Table XVI.

But we have already found, that the Suns equated distance
frem the ascending node, at the tunc of new moon in April
1764, is 0* 7° 42 14*. See p. 202

"Therefore, enter Table X1V, with O signs at the top, and 7
and 8 degrees at the left hand, and take out 86 and 89", the
latitude for 7°; and 41’ 51", the latitude for 8°; and by
mnking proporuons between these latitudes for the 42 14/, by
which the Moon’s distance from the node c\ceeds 7 degrees ;
her true latitude will be foumd to be 40’ 18” north ascending.

6. Tojndm.lfoomm lwrury motion from the Sun.—
With the Moon's anomaly, viz. 11* 9> 24 21", enter Tahle
XVIIL, and take out the Moo horary motion; which, by
making proportions in that table, will be found to be 30 22".
Then, with the Sun’s anomaly, 9* 1° 26/ 19", take out his ho-
rary motion 2 28” from the sume table; and subtracting the
lutter from the former, there will femain 2F 54 for the Moon's
true haru'y motion from the Sun.

/md the nngle qfﬁe Moon's visible path with the eclip-
tic —Tlus, in the projection of eclipses, may be always rated at
5° 85', without uny sensible error.

8,9. To find the scmidiameters of the Sun and Moon.—
These are Sound in the same table, and by the same arguments,
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o4 their horary motioms, 1n the pitesent casc, the Sun’s anomaly
givey his semidiameter 16 6”, and the Moon®s anomaly gives
her semidiameter 14 7, | .

10. To find fhe semidiametcy of the pemumbra.—Add the
Moon's scmidiameter 160 the Sun’s, and their sum will be the
scuidiameter of the penymbra, viz, 81’ 3" .

Now, colltt these eleménts, that thay may be found the more
readily when they are anted in the construction of this cclipse.

D B M. W

1. Truc time of new moop in Apedl 1784, . T, 11030 25
2. Semidiemeter of the Farth's disc, ae - 0 b4 53
3. Sun's distance fro the nearest solstice, . . 77 40 48
4. Swa’s declination, north, - - 44 o
5. Moon's Iatitade, north ascending, . - 04018
6. Moon"s horary metion from the Sun, - - 0 27 54
7. Angle of the Moon's visble path with the echiptic, - 33 o
8. Bun's semiCumeter, . - . . 6 6
9. Mm’lmm. - - - 14 61
‘ 30. mﬁhm - - - 3 3

T project an Eclipse of the Sun geometrically.

Onthepro.  Make a scale of any convenient length, as £ C,
Jrren sud.divide it into as many equal parts as the Farth'
Plae XII, semi-disc contsins minutes of a degree; which, at
Fig. 1. the time of the edlipse in April 1764, is 54’ 53"
Then, with the whole length of the scale as a radius, describic
the semicirele 4 M B upon the centre Gy which semicircle shall
represent the northern half of the Earth's enlightened disc, as
seen from the Sun.
Upon the centre C raise the straight line C H, perpendiculur
to the dismeter ACB; and 4C B shall be a part of the ecliptic,
and CH its axis.
Being with & good sector,® open it to the radius
C4 in tha line of chards; and, takimg from thence the ¢hord
of 23] degrees in your compasees, set it off both ways from H,
to g and to A, in the periphery of the semi.disc; and draw the

* straight Iine g VA, in which the north pole®of the disc will be
always found.

* A method of projecting an eslipee of the Sun, with the i only of & ruler and
paix of compasscs, will be found in Ferguson'’s Lady's and Uentlnin's Astronomys
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When the Sup is in Aries, Tourye, Gemini, Cancer, Leo,
and Virgo, the north pole of the' Yrth iy enlightened by the
Sun: but whilst the Sun is in the othdr six sgns, the south
pole imenlightened, and the north pole is in the dark.

And'henﬂnSunilinmwm Aquarius, Pisces, Aries,
Taurus, and Gemini, the m balf of the Earth's axis C
XII P lies to the right hand of the axis of the ccliptic, as seen
from the Sun; and to the left hand, whilet the Sun is in the
other six gigns.

Open the sector till the radius (or distance of the two 90s)
of the sines be equal to the length of VA, and take the sine of
the Sun’s distance from the solstice T7° 49’ 48” as nearly as you
can guess, in your compasses, from the line of sines, and set off
that distance from ¥ to P in the line g V4, because the Earth’s
anis lies to the right hand of the axis of the ecliptic in this case,
the Sun being in Arles; and draw the straight line C XII P
for the Earth’s axis, of which P is the north pole. If the Earth's
axs had lain to the left hand from the axis of the ecliptic, the
distance I"P would have been set off from ¥ towards g

To draw the parallel of latitude of any given place, sup-
puse London, or the path of that place on the Earth’s enlight-
ened disc as seen from the Sun, from sun-rise till sun-sct,”take
ihe following method. |

Subtract the latitude of London, 513" fromr 90°, and the re-
mander 88}° will be the co-latitude, which take in your com-
passes from the line of chords, making C4 or C' B the radius,
and set it from h,'where the Earth's axis meets the periphery
of the disc, to VI and VI, and draw the occult, or dotted line
VI #VI. Then, fram the points where this line meets the
Larth's disc, set off’ the chortl of the Sun’s deelination 4° 49’ to
D and F, and to £ and G, and connect these points by the two
occult lines F XII G, snd DL E.

Biscct LK XII in K, and through the point X draw the
black line VI K VI. Then making C'B the radius of a line of
sines on the sectar, take the co-lafitide of T.ondon 38} from
the sines in your comipasses, and set it both ways from X, to
VI and VI. These hours #ill be just in the edge of the disc
at the cquinoxes, but at no other time in the whole year.

With the extent X VI taken ints ydur compusses, set one
foot in K (in the black line below the occult one) as a centre,
and with t‘l‘xe other foot describe the semicircle VI, 7, 8, 9, 10, &c
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and divide it into 18 edtll phets. Thew, from these poluts
of division, draw i il e 7'p, 8 6, 9 W, &e. parallel to
the Barth's axio, C XMEP.

With the suiall ektent X' XII an & radius, describe the qua.
drantal art X117 64 divide St intd éix ptual parts, as X11 o,
ad, 8¢, cd, de, sl ¢f; and through the divison points, a, 5,
¢, d, e, draw the otcult lines VII ¢ V, VIIT 4 1V, 1X.c 111,
X 3 IT, and X1 4 1, all parallel to VI X VI, and meeting the
former occult lines 7 p, 8 o, &e. in the points VIE, ¥]I1, IX,
X, XI, V, IV, X1, 11, andl T ¢ which points will mark the s~
veral situatiohs of London én the Earth's disc, at these hours

ively, ss weep from the Bun; and the elliptic eurve VI
ﬁt VIIL, k¢, being drawn through these points, will repre.
sent the parallel of latitude, or puth of Lonton on the disc, as
seen from the Bun, from jts rising to its septing.

N. B: If the Sun’ decliftation had been south, the diurnal
path of London woul have been on the upper side of the hine
VI X VI, and would havé touched the line DLE in L.—1It i
requisite to divide the :{mes ifito quarters (as some are
itk the figure), and, if possible, into minutes also,

Mgke CB the radius of a line of chords on the sector, and
taking therefrom the chord of 5° 85", the augle of the Moon's
visible path With the ediptic, set it off from H to A on the left
hand of CH, the axié of the i, beeauss the Moon's lari-
tude is north ssceding,, Then draw CMf for the axis of the
Moon's otht::nd biseet the angle M CH by thie right.line CZ.—
If the Moon's latitude had been north descunding, the axis of
I‘;:orbltwquldhwebeendulbt Vight hand from the axis of

C.
N, B. 'The axis of the Moon's orbit lies the ssme way when
het latithde is south ascending, as when it &s north ascending ;
and the same way when south destending, as when north de-

Take the'Moait’s latitude 40 18" from the scale 04 in ybur
compables, 4t et it from § 10 x In the blsecting line C 2, muk.
iz t Cy: and through &, at tight angles to the
axis of the Moon's orbit €M, draw O straight line Nwayd
for the pith of the ppiumbra's tenive over the Barth's dise,
#he point m, in the alkds of the Moon's orbit, i that where the
pentmbra’s centre approachies noatest to the'centre of the Kurth's
dise, and consequently is the middie of the general gclipse. the
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point @ is sthat where the conjumction. of the Sun and Maon
falls, acnording to equal time by the tsbles; and the point g is
the ecliptical sonjunction of the Sum and Moon,

Take the Moon's true horary motion from the Syn;, zww,
in your compasses, from the scale C4 (pvery diwision of which
is & minute of & degres), and with that extent make marks along
the path of the penumbra’s centre; and divide cach space from
mark to mark, into 60 eqfial parts or horary minutes, by
dots; and set the hours to cvery 80th minute, in such a man-
ner, that the dot signifying the instant of new moon by the
ulﬂa,myfuﬂmbthepmnta,bﬂfnybetween the axis of
the Moon's orbit, and the axis of the edliplic; and then, the
rest of the dots will slrew the points on the Earths disc, where
thepehﬂmbrsscentteuatdmmstmtsdmotedbythem,inits
transit over the Earth.

Apply one side of a square to the line oflhe pepumbra’s
path, and move the square backwards and forwards, until the
other side of it cuts the same hour and minute (as at m and m)
both in the path of London, and in the path of the penumbra’s
centre: and the particular minute or instant which the square
cuts at the same time in both paths, will be the instant of the
visible conjunetion of the Sun and Moon, or greatest obscura.
tion of the Suny st the place for which the congtruction is made,
namely, Londan, in the present example; and this instant is
at 47} minutes past X o'clock in the ing, which is 17
minutes 5 seconds later than the tabular time of true conjune-
tion.

Take the Sun's semidiameter, 16’ 6", in your compasses, from
the séale C 4, and eetting one foot in the path of London at m,
. namely, at 47} minutes past X, with the other foot describe
the circle U ¥, which shall represent the Sun’s disc as seen from
London at the greatsst obscuration. Then take the Moon’s semi-
dnameter,ll&?",myoureompuu.fmnthememle and
setting one foot in the path of the pen umbnseenmum,in
thl?}mnummximth&ecthcfomdm'bethedmk
T'Y for the Moon's disc, as seos) from London, at the time when
theedipehutbcm;mdtheporﬁonofﬁbeSun’sdiw
which is hid or cut off by the Moon’s, will shew the quantity
of the cclipse at that time; which quantity may be measured on
a linc equal to the Sun’s dmmter,mddmdadm@ twelve equal

parts for digits. \
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Latly, take the aypidjmmpter uf the peguinbes, 31’ 3, from
ﬂmu‘lecd,mmmm and setting ope, foot in the
line of the pennmbm’;md puh, on the left hand from the
munfdnechpuc, dircct the ather foot towards the path of
London ldmy that extent backwards .and forwards, il
both the peintg of the wmmfpnmmtheme instauts in
both the paths: and these instants will denote the time when
the eclipse begins at London, Thcn, do the like on the right
hand of the axis of the ecliptic; and where the poigts of the
compasses fall into the samg inatants in both the paths, they
will shew at what time the eclipse ends at London.

Theuc trigls give 20 miiputey afler IX in the morning for the

of the eclipse at Lovdan, atthe points NV and 0

47} winutes after X, at the powts m and m, for the time of

obecuration; and 18 minutes after XII, at R and S,

for the gme when the eclipse ends, according.to mean or equal
tiwe.

From thexe times we must subtract the equation of natural
days, viz. 8mnutes48m~wds,mlmp yeur April 1, and we
shall have the apparent times; nawely, IX hours 16 minutes
1% seconds for the beginniug of the eclipse, X hours 43 mi-
nutes 42 seconds for the time of greatest obscuragion, and XTI
bours 14 mmuﬁ’ls seconds for the time when the eclipse
ends. But the best way is to apply this equation to the truc
equal time of new moon, hefore the projection be begun, as is
done in Example I.  For the mgtion or puutmn of places on
the Earth’s disc answers to gpparcnt or solar time,

Induswn;mmumn, ltunwponed thntlwnngleunder
which the Moon’s disc is seen, during the whole time of the
celipse, continpes invarisbly the same; aad that the Moon's
motion is uniform and reetilineal during thas time. But these
nuppom:onl do not exactly agree with the truth; and, therc-
fore, sapposing the elemants given by the tables to be accurate,
yet the timps and phases of, the eclipse, deduced from its con.
siruction, will not answer to exactly what pesees in the heavens;
but may be at lesst two or three minutes wrong, though done
with the greatest care. Morcover, the paths of sl places of consi-
derable latitudes are nearcr the coptre of the Earth's dinc, a8
secn from the Sun, than those eonstructions make them; be-
cause the disc is projected as if the Earth were o perfect sphere,
although it is known t boa spheroid. Consequently, the Moon's
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whadow will go farther werthward.in-sfl places of northern lati-
tude, and farther southward in oll plates of southern latitude,
than it is shewn to do in these projectiies—According to, Mey-
er'd tables, this eclipse will be sboit 8 quarter of an bour sooter
than either these tables, or My, Flamstead’s; or Dr. Halley's
make it: gnd will sot be snnylar st London. But M. De Ix
Caille’s make it almost cgntral,

The Projection of Lunar Eclipaes.

When the Moon is within 18 degrees of either o, o,
of her nodes, at the time whien sheds full, she will jection of le-
be ecliped, otherwise not. nar eclipecs.

We find by Example I1, page 283, that at the time of mean
full moon in May 1762, the Sun’s distance from the ascending
node was only 4° 49’ 35”; and the Moon being then opposite to
the Sun, must have been just as near her descending node, and
was thercfore eclipsed.

The elements for constructing an eclipse of the Moon ave
eight in number, as follow :—

1. The true time of full moon; and at that time, 2. The
Moon’s horisontel parellax. 3. The Fun's semidiameter. 4.
The Moon’s semidiameter. 8. The semidiameter of the Earth's
shadow at the Moon. 6. The Moon's latitude. 7. The yngle
of the Moon's visible path with the'ecliptic. 8. The Moon’s
true horary motion from the Sun.—Therefore, .

1. To find the true time of full Moon.—~Work as’already
taught in the precepts—Thus we have the true time of full
Moon in May 1762 (see Example II, page 283) on the
8th day,.at 50 minutes 50 seconds:past 3 o'clock in the
morning. -

2. To find the Moon's horixonial povaliar.—Enter Table
XVII, with the Moon’s mean anomaly (st the above full) 9 2
42 42", and with it take out her thorizonta]l parallax; which,
by makig the requisite proportions, will be found tor be 3T
28"

8, 4. To find tAb semidiometers of the Stn and Moon.—Enter
Table XVII, with their respective anomalies, the Sun’s being
10° 7 27 4 (by the above example), and the Moon's §* 2
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42 427 ond with Heb take out their remective scmidiame-
tere; the Sur's 15' 507, and the Moon's 1¥ 88”..

8.5 find he semickameter of the Eartk's shadow ai the
Moon.—Add the Sun's horisontal parallay, which is always 9,
to the Moon's, which in the present case is 57 297, the sum will
be 57 827, from which mibtract the Sun’s semidinmeter 15 56°,
and there will remadn 41' 98" for the scmidiameter of that pmt
of the Farth's shadow which the Moon then passes through

6. To find the Moon's Infitede.~Find the Sun' truc dis-
tance from the ascending node (as already taught in page 291)
at the true time of full moon; und this dstance, increased by
six signs, will be the Moon's true distance from the same node
snd consoqueritly the argdment for finding her true lattude, as
shewn in page 293,

Thia, in Bxample II, the Sun's mean dwstance from the
ascending node wae OF 4° 49 85%, at the time of mean full
moon: but it appears by the cxample, that the true time
thereof was 6 houre 83 mmutes 38 seconds sooner than the
mean time, and thercfore we must subtract the Sun’s motion
from the'node (found in Talde XII, page 272-3) duing this
interval, from the above mean distance 0* 4° 49" 857, in order
to have his mean distance from it at the, true time of full moon.
—Then to this apply the equation of his mean distance from
the node, found in Table XV, by his mcon anomaly 10° 7 27
45y and, lastly, add six signs: o shall the Moen's true
distanec from the*ascending note be found as follows :—

[ I A

Bup frun nodo st sesn full Moss, et . . 0 i3

8 hours - - - - 16 86
His modion fromn b in {am . - - 1 20

SBscconds’ - . - . 2
Su, ubmﬁﬁlmwhu, . - - 17 8
Wemuine s okl Motanee a2 trne 8 Moost, - ' - 0 43832
F.quation, of histsen distance, sdd . - . 138 0
Sun's trie distancy Gom the node, - ] . 06103
To which add - . - - 6 0 00

And the sum will be - . - - 6 61032



(i, XIX. THE DRELINDANIGEN OF L0%AN ROLIPAER. 801
Which is the Moon's true distancg fean her wigending node’ st
the true time of her being full s ansu;aamly the argy-
ment for finding her true latitude a8 that timg. Therefore,
with this argument, enter Table XVI, making proportions be-
tween the Jatitudes helgnging to tho Oth and Tth degree of the
argument at the left hand (the sigus being ot the top) for the
10 82, and it will give 82 21" for the Meon's true latitude,
winch appeats by the table to be south descending, .

7. Tofind the angle of the Muoon's vivible path with the
Fliptic.~This may be stated st 5° 85, without eny crror of
consequence in the projection of the eelipse.

8. To find the Moon's true horary mation from ihe Sun,—
With their respective’ anomalies take out their horary motions
fiom Table XVII, in page 279 ; and the Sun's horary metion
subtracted from the Moon’s, leaves remeining the Moow’s true
horary motion from the Sun ; in the present case 30’ 52,

Now collect these elements together for use,

Do M. M. B

1. "T'rug time of full Moon a0 May 1762, - - 8 35060
e ¢ »

2. Moon's horizonfal pasmliax, - . = - oI M
3. Son's seoudiameter, - - - - L B N 1
{. Moon's senndisineter, - 01538
3 smmhumﬁnonhnndududwanhm, - 04128
6. Moon's true latitude, south descending, - 03221
7. Angle of her vinble path with the eclipiic, . 635 0
8. Yier true horary motwon from the Sun, - . 0 30 52

Tucse clements being found for the construction of the
Mouu's eclipse in May 1762, proceed as follows : — *

Mabke a scale of any convenient leagth, as W X, pree x11.
and divide it into 60 equal parts, each part standing ¥
lor a mmute of g degree,

Draw the right hine 4 C B (Fig, 8) for purtpf Fig 2
the ecliptic, and ¢' D perpendicular thereto for the
southern part of its axis; the Moon having south latitude,

Add the semidiameters of the Moon and Earth’s shadow
together, which, in this eclipse, will fuake 57" 18"; and take
this from the scale in your compasses, and setting one foot in
the point (' as a centre, with the other foot desoribe the semi-
¢ircle 4 D B ; in one point ‘of which, the Moon’s centre will
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Is'st the beginning of the' colipee, and in snother at the end

Take the semidiameter of the Earth's slindow, 41’ 377, in
your compastes from the seale, and setting one foot in the
centre C, with the tther foot descethe the sesicircle X L 2 for
the southern half of the Basth's shadow, becausc the Moon's
latitude is south in shis sctipes, .

Make C D equil to the radive of a line of chords on the
sector, and set off the angle of the Moon's visible path with the
ecliptic, 5 85, from D to B, and draw the right line C # I
for the southern half of the' ssis of the Moon’s orbit, lying to
he right had from the axis of the edliptic € D, because the
Moon's latitude is south desrending.—1It would have been the
same way (o0 the other sidé of the eclipticy i her latitude had
been povth descending 3 but coutrary in both caws, 1! het Igti-
tudehldbeeneithermﬂhmding\l‘lomh

Bisect the angle D C E by the right line C g+ in which line,
the true equal tinre of opposition of the Sun and’ Meon falid, as
given by the tables.

Take the Moou's latitude, 32’ 217, from the scale with rour
compasses, and set it, from Cto G, in theline C G g; and
through the point G, at right angles to C F E, draw the right
line P H G ¥ N for the path of the Moon's centre. Then, F
shall be the point in the Earth's shadow, where the Moon’s
centre is st the middle of the eclipre; G, the point where her
centre is at the tabular time of her being full; agd H, the
point where her centre il ot the imstant of her ecliptical op-

ion,

Take the Moon's hourymotmn from the Sun, 30 52, in
youf compesses from the scale; and with that cxtent make
marks slong the line of. the Moons path P G N: then divide
eachnpleefmmmn-k to mark, into 60 equal parts, or horary
minutes, and set the hours to the proper dots in such a manner,
that the dot signifying the instant of full moon (viz. 50 minutes
WMMI!Imﬂwmomng), may be in the point G,
where the line of the Moon's path cyfs the linc that bisects the
mgle D € E.

Take the Moon'’s semidiameter, 15 88", in your compases

the scale, and with that extent, as a radius, upon the
@:ﬁ N, F, snd P, as centres, describe the circle Q for the
m at the_ beginning of the cclipse, when she touches the
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Farth's shadow dt ¥ the circle  for the Moun at the middle
of the eclipse ; and the circle § for the Moon at the end of the
eclipse, just loaving the Esrth's whallowut 1. «» * W

The point N denotes the instamt when the eglige begina,
namely, at 15 minutes 10 sesonds after 1T in the moming: the
point F, the midile of the sclipse, 2t 47 minutes 45 seconths
past 11T ; and the point 2 the el the sdlipse, at 18 mifiutes
after VAt the greatest obscutntion, the Maoon i - 10 digits
celipsed. )

Concerning an amia# Eckpa: of the Moon.

It is reeorded by Ptolemy, from Hipparchus, ‘that on_ the
24d of September, the year gﬂl before the first year of Chrm,
the Moon rose so much echpmd at Alpmndm, that the q:hpse
mupt have begun about half an hour before <he rose.

Mr. Carcy puts down this echpse in his chronology as fol-
lows, among neveral other ancient ones, recorded by dlﬂerent
authors,

Jul Per.  Bel { Per.Cal'2 An. 54 Hor. 7.  Nabomasear

4513. P, M. Alexandr. Dig. eccl. 10. 547
( Scp 22, [Prolem. L 4, & 11} Meaor, 16,

That is, in the 4513 year of the Jylian period, which was
the 547th year from Nahonassar, and the 54th year of the se-
cond Calippic period, on the 16th day of the month Mesori,
which answers to the%oszptembqr the Moon'was 10 digits
eclipsed at Alexandria, at ¥ o'clock i ghe evening.

Now, as our Saviour was barn, accarding to the Dionysian,
or tulgareracf his birth, in the 4713th year of the Julian
jeriod, it is plain that the 4513th year of that period was the
200th year before the year of Christ’s birth ; and consequently
201 years before the year of Christ 1.

And, in the year 201, on the 22d of Scptember, it appears
by Example V (page 286), that the Moon was full at 26 mi-
nutes 28 scconds past 7 i the eveming, in the merulnq of
Alexandria.

At that time, the Sun’s place was Virgo 26° 14, according to
our tables; so that the Sun was then within 4 dtgrees of the
autumnal equinox : and according to calculation, he must have
set at Alexandria about 5 minutes after 6, and about one de-
gree north of the west.
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The Moon being full at that time, would have risen just at
smumset, about one degree south of the east, if' she had been in
eith:x{a:f hér nodes, and her visible place not depressed by
parallax.

But her parallsctit depression (as appesrs from her aubmaly,
vir. 10* 6° nearly), must have been 55 17”; which excceds her
whole diameter by 24’ 587 ; but then,, she must have been ele-
vated 33’ 46" by refraction ; which, subtracted from her paral-
lax, leaves 21’ 82” for her visible or apparent depression.

And her true latitude was 80}’ north descending, which he-
ing contrary to her apparent depression, and greator tham the
same by 8 58”, her true time of rismg must have been just
about V1 o'clock.

Now; as the Moon rose about one degree south of the east at
Alexandria, where the visible horizon is land, and not sea, we
can hardly imagine her to have heen less than 15 or 20 mintes
of time above the true horizon before she was visible.

. 1t appears by Fig. 4, which is a delincation of this
¥ eclipse reduced to the time at Alexandria, tha! the
cclipse began at 53 minutcs after V in'the evening ; and chnee-
quently ‘7 minutes before the Mdon was in the true horison* to
which, if we add 20 minutes for the interval between her true
rising and her being visible, we shall have 27 minutes for the
time that the eclipse wias begun hefore the Moon was visibly
risen. The middle of this cclipse was at 30 minutes past VII,
when its qtiantity was almost 10 digits, and its ending was at 6
minutes past IX in the ¢vening. 8o that 6ur tables come a4
near to the recorded time of this eclipse as ean be expected,
after a lapse of 1960 years. !

CHAP. XX.

OF THE FIXLD STARS.

Why the ix- 354. T'ue stars are said to be fixed, because they have
el stars ap- been generally observed to keep at the same distances
Boww DE¥, from each othex; their apparent diurnal revolutions
by the bare being caused solely by the Earth®s turning on ity

oem  axis. They appear of a sensible magnitude to the
through & tee bare eye, because the retina is affected not only by

the rays of light which are emitted diectly from

i
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them, but by many thousands more, which falling upon our
cyec-lids, and upon the acrial particles about us, are reflected in-
to our eyes so strongly, as to excite vibrations not only in those
points of the retina where the real images of the stars are form-
ed, but also in other points at some distance round about. This
makes us imagine the stars tq be much bigger than they would
appear, if we saw them only by the few rays which come di-
rectly from them, o as to enter our eyes without being inter-
mixed with others. Any one may be sensible of this, by look-
ing at a star of the first magnitude through a long narrow tube;
which, though it takes in as much of the sky as would hold a
thousand such stars, yet scarce renders ¢hat one visible.

The more a telescdpe magnifies, the less is the aperture
through which the star is secn ;. and consequently the fewer rays
it admits mto the eye. Now, since the stars appear , A proof that
less in a tclescope which magnifies 200 times than they shine by
they do to the bare cye, insomuch that they seem to "n;:."‘
be only indivisible points, it proves at once that the
stars are at immense distances from us, and that they shine by
theirJown proper light. If they shone by borrowed light, they
wm,{d be as invisible without telescopes as the satellites of
Jupiter arc ; for thesc satellites appear bigger when viewed with
a good telescope than the largest fixed stars do.

355. The number of stars discoverable, in either hemisphere,
by the naked eyc, is not above a thousand. This at first may
appear incredible, because they scem to be without number :
but the deception arises from our luolung confusedly Ther num.
upon them, without reducing them into any order: ber much less
for look but stedfastly upon a pretty large portion of rlly im e
the sky, aud count the number of stars init, and you gined
will be surprised to find them so few. And if one considers
how seldom the Moon meets with any stars in her way, al-
though there are as many about her path as in other parts of
the heavens, he will soon be convinced that the stars are much
thinner sown than he was aware of. The British catalogue,
which, besides the stars visible to the bare eye, includes a great
number which cannot be seen without the assistance of a tele-
scope, contains no more than 3000, in both hemispheres.!

1 If we take a tube, whose length is to its width as 100 to 97, aund look at any
part of the heavens through a very small hole in one of its extremities, we shall
scarcely be ablg to connt more than 100 stars. Now, it may be demonstrated, that

VOL. 1. X
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The sbeuns. 200" A8 we have incomparably more light from the
tyof suppos- Moon than from all the stars together, it is the
ing the stam greatest absurdity to imagine that the stars were
ouly to stune Inade for no other purpose than to cast a faint light
gt ™ upon the Farth: especially since many more require
the assistance of a ggod telescope to find thein out,
than are visible without that instrument.  Qur Sun is »ur-
rounded by a system of planets and ‘comets ; all which would
be invisible from the nearest fixed star. And from what we
already know of the immense distance of’ the stars, the nearest
may be computed at 3%£,000,000,000,000 of miles from us,
which is further than a cannon bullet would fly in 7,000,000 of
years, Hence it i» cany to prove, that the Sun, scen from such
a distance, would appear no bigger than a star of the first mag-
nitude. Fram all this it is haghly probable, that each star is a
Sun to a system of worlds moving round 1it, though unseen by
us; especially, a» the doctrine of a plurality of worlds is rational,
and greatly manifests the power, widdom, and goodness of the
great Creator.
Their dier. 307 The stars, on account of their apparentjy va-
ent magni-  rious maguitudes, have been distributed mto several
classes or orders. Those wluch appear largest,’ ar
called stars of the first maguitude ; the next to than in lustre,
stars of the second magnitude ; and so on to the siath, which ac
the smallest that are visible to the bare eve.  This distnibution
having been mnade long before the invention of telescopes, the
stars which canuot be seen without the assistance of these instru-
ments, are distinguished by the name of telescopic stars,
Avd dvison 358, The ancients divided the starry spliere into
intoconstells- particular constellations, or systems of stars, accord-
toos. ing as they lay near one mnother, so as to vccupy
those spaces which the figures of different orts of ammals or
things would take up, if they were there delneated.  And those
stars which could not be brought into uny parucular constella-
tion, were called unformed Stars. .
The we of 859. This division of the stars into different con-
this division. gtellations or asterisms, serves to distinguish them
from one another, so that any particulur star may be readily

this tube takes in exactly a tenth part of the visible hemisphere ; and therefore, 1t fol-
lows, that the eye cannot reckon more than 10 X 100, or 1000 stars in one henu-

sphere—Ed. .
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found in the heavens hy mearfs of a celestial globe; on which
the constellations are so delineated, as to put the most remark-
able stars into such parts of the figures as are most easily dis-
tinguished. The number of the ancient constellations is 48,
and upon our present globes about 70. On Senex’s globes
Bayers letters are inserted ; the first in the Greek alphabet be-
ing put to the biggest star in each constellation, the second to
the next, and so on: by which means, every star is B8 eas:ly
found as if a name were given to it Thus, if the star 7 in the
constellation of the Ram he mentioned, every astronomer knows
as well what star i< meant, as if it were pointed out to him in
the heavens. .

360. Therc is also a division of the heavens into .
three parts. 1, The Zodiac ({adiers,) from fudier, The Zodiac
7odion, an animal, because most of the constellations m it,
which are twclve m nunber, are the figures of animals: as Aries
the ram, Taurus the bull, Gemini the twins, (‘ancer the crab,
Lco the lion, Virgo the virgin, Libra the balance, Scorpio the
scorpim. Sagattarius the archer, (‘apricornus the goat, Aquarius
the water-bearer, and Pisces the fishes,  The zodiac goes quite
souddd the heavens: it i+ about 16 degrees broad, so that it takes
in the orbits of all the planets, and likewise the orbit of the
Moon.? Along the muddle of this zone or belt, 1s the ecliptic, or
circle which the Earth deseribes annually, as scen from the Sun;
and which the Sun appears to deseribe, as seen from the Earth.
2, All that region of the heavens, which is on the north side of
the zodiac, contains 21 constellations.  And, 8, That on the
south side, 15.

961 Theancients divided the zodiag into the above

manner
12 constellations or signs, in the tollowmg manner. of diiding it
They took a vessl with a small hole in the bottom, b7 the an-
and having filled it with water, they suffered the
fluid to distil drop by drop into another vessel set beneath to
receive it ; heginning at the moment when some star rvse, and
continuing until it rose the next following night. The water
fallen down into the receiver, they divided into twelve equal
parts ; and having two other small vessels in readiness, each of
them fit to contain one part, they again poured all the water in.

? The 7odiac does not comprehend the orbit of Parras, which is inclined about
35° to the ccliptic, nor the orbits of the satellites of the Georgium Sidus, which are

supposed to mote at right angles to the ecliptic.e£d.,
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to the upper vessel; and observing the rising of some star in the
zodiac, they at the same time suffered the water to drop into one
of the <mall vessels ; and as soon as it was full, they shifted it,
and sct an empty one in its place.  When cach vessel was full,
they took notice what star of the zodiac rose ; and though this
could not be done in one night, yet in many, they observed the
nising of twelve stars or points, by which they divided the zo-
diac into twe ve parts,

862. The names of the constellations, and the tumber of
stars observed in cach of them by difleren. astronomers, are as
follow :—

The Ancient Constellations.
Ptol. Jye. leved. Flam. Berl. ¢ aty

(rsa minor the Little Bear ' 8 7 12 24 26
Ursa major the Great Bear % 29 7 31 105
Draco the Dragon 3 2 40 87
Cepheus Cepheus 13 4 51 % 58
Bootes, mlylat Plousgh Driver 23 18 52 o4 G4
Corona » the Northern (‘rown 8 8 8 21 2
Hercules, Engonuns  Hercules kneehng 20 28 45 13 119
Lyu the ITarp 10 11 17 21 25
Cygrus, Galliza the Swan 19 18 47 # 8
Casnopeia the Lady i her Chair 13 26 37 50 |64
l’eueus Perscus 2 2 46 69 7
the Waggoner 14 9 40 6 M
Scpcnhnus, suchus  Serpentanus 20 15 0 74 79
Serpens ort the Serpent 1813 22 64 6
Sagitta the Arrow 65 5 o I8 18
Aquila, Fultur the Eagle 15 12 = 7
Antinous Antinoun 3w
the Dolphin 1010 14 18 19
mlu, the Hoﬂ *s Head 4 4 6 10 10
Pegasus, Equu» the Flying Horwe 20 19 38 80 80
Andromeda Andromeda 23 23 47 66 73
‘Triangula the Triangles 4 4 12 16 17
Aries the Ram 18 21 27 o6 67
Taurus the Bull 4 43 51 141 143
Gemini the T'wifis 26 26 38 86 87
Cancer the Crab 23 156 20 83 87
Leo the Laon as W 4 95 10l
Coma Berenices Berenice’s Har 4 21 43 48
Virgo the Virgin 32 33 50 110 17
Libra, Chele t Scales IZ :g g g; 6;
Scorpio t! i 2 ¥
Bagittarius the m 3 14 22 66 73
Capricornus the Goat 2 28 29 61 54
Adquarius the Water-bearer 45 41 47 108 11y
Pisces the Fishes 38 36 39 113 115
the Whale, 22 21 456 97 o9
Orion 38 42 62 78 82
Eridanus, Fluvine Eridanus, the River 3¢ 10 27 69 70
XLepus the Hare 12 13 16 19 20
j the Great Dog 29 13 21 31 31
Canis minor the Little 2 2 13 14 18
Argo the Shi 4 3 4 064
Hydn the H 27 19 31' 60 62
Cratex the Cup 7 3 10 31
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tol. l‘ic. Flam Bal Catal
i 9 10

Corvus the Crow
Centauruy the Centaur 37 35
Lupus the Wolf 19 24
Ar the Altar 7 9
Corona Aunstrals the Southern (‘rown 13 12
1sces Australiy the Southern Fish 18 24
The New Svutharn Constellations.
Hevel Caille
Columba Noacln a Noah’ Dove 10 52
Robur Carolinun the Ruyal Oab 12
Grus the (hanc 13 44
Phernix the Pheemix 13 48
Indus the Indun 12 34
Pavo the Peacock 14 36
Apus, Avis Indica the Bird of Paradise 13
Apus, Musca the Bee or Fly 4 13
Chameleon . the Chamecleon 10 26
Tnangulum Australe the South T'riangle 5 13
Piscis volans, Passer the Flying Fish 8 12
Dorado, Yiphias the Sword Vinh 6 19
Tovcan the American goesc 9 33
I1ydrus the Water Snake 10 24
The following Constcllations have been made woe of by sume Astromomers.
Callc,
Crux the Croes 12
Mons Menalus the Mountain Menalus
Gnllus the Cock -
Mubecula Major the Greater Cloud 1
Wubecula Minor the Lesser Cloud 2
Reticulum Rhomboidum the Rhomboidal Reticulum . 15
Cor Caroh King Charles’s heart
Hevelive’s Constellations made out of the unformed Starsy
Hevel Flars Berl. Cata).
Lynx the Lynx 19 ¢4 48
L.eo minor the Little Lion 53 59
Asteron and Cham the Greyhounds 23 25 36
Cerberus Cerberus 4
Vulpecula and Anser the Fox and Goose 27 3 36
Scutam Sobieski Sobieski's ‘Shield 1
T.acertz the Melopud 16 18
C. us the Cam 32 68 78
MWW the Unicorn 19 31 31
Sextans the Sextant 11 41 44
¢ following new Southern Constellations have been introduced by Dela Caille.
Callle.
Apparatus Sculptons the Sculptar’s A 32
1-*3:'.’::: Chymim the Chymist's !’5‘-::' 43
Hoorologium the Clock 24
Ceelum Sculptorivm the Engraver’s Graving Tool 19
Equuleus Fictoris the Paintar’s Easel 2
Pyxis Nautica the Mariner's Compass 14
Antlia Pncumatica the Air Pump 20
Octans the Octant v 84
Circinus the Compass 10
Norma g:c 'll!vllli 16
T'elescopium ¢ "T'ghoscope 21
M scroscopinm the M; 13

Mons Monse the Table Mountam 13
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The Milky 363, There is a remarhable track round the hea-
Way. vens, called the Galuwy or Miltky Way, from its pe-
culiar whitenes.. It was formerly thought to be.owing to a
vast nunber of very small «tars therdn:* but the telescope
shews it to be quite otherwise ; and therefore its whiteness must
be owing to some other cause. 'This track appears smgle in
some parts, in others double. .

864. There are ~everal hittle whitsh spots m the
heavens, which appear magmticd, and more lumnous
when seen through telcscopes: yet without any stars i them.
One of these is in Andromeda’s girdle, and was first observed
A . 1612, by Simon Marius : it has some whitish rays near its
middle, is lable to several changes, and v sometines mvasible,
Another is near the ecliptic, between the head and bow of Sa-
gittarius : it is small, but very luminous. .\ third i on the
back of the Centaur, which is too far south to be seenin Britan.
A fourth, of a smaller size, i» before .Antmous’s nght foot ; ha-
ing a star in it, which makes it appear more brlght. A fifth 1
in the constellation of Hercules, between the stars £ and », which
spot, though but small, is visible to the bare eye if the sl\) be
clear, and the Moon absent.

a *  865. Cloudy Stars, m Nibuler, are o called from
oudy stars. . . H

their misty appearance. They look hike dim stars to
the naked eye; but through a telescope, they appear broud
illuminated parts of the sky ; in sowe of which is une star, 1n
others more.  Five of these are mentioned by Ptolemy. 1. One
at the extremity of the right hand of Perseus. 2. One in the
middle of the Crab. 8. One unformed, near the sting of the
Scorpion. 4. The eye of Sagittarius. 5. One m the head of
Orion. In the first of these appear more stars through the
telescope than in any of the rest, although 21 have been count-
ed in the head of Orion, and above 40 in that of the Crab.
Two are visible in the eye of Sagittaiius without a tclescopc and
several more with it.  Flamstead observed a cloudy star in the
bow of Sagittarius, containing many small stars : and the star d
above Sagittarius’s right shoulder i» encompassed with scveral
more. Both Cassini and Flamstcad discovered one between
the Great and Little Dog, which is very full of stars, visible

Luad spots.

3 The excellent telescopes of Sir William 1ierschel, indiputably shew, that the
unlky way 15 compoeed of an immense number of telescopic stars.—Ed.
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only by the telescope. The two whitish spots near the south
pole, called the Magellanic Clouds by sailors, which yjageianic
to the bare eyc resemble part of the Milky Way, Clouds.
appear through telescopes to be a mixture of small clouds and
stars. But the most remarkable of all the cloudy stars, is that
in the middle of Orion’s Sword, where seven stars (of which
three are very close toggther) scem to shine through a cloud,
very lucid near the middle, but funt and ill defined about the
cdges. It looks like a gap in the shy, through which once may
see, as it were, part of & much brighter region.  Although most
of these spaces are but a foew minutes of a degree in breadth,
yet, since they are among the fixed stars, they must be spaces
larger than what is occupied by our solar system ; and in which
there seems to be a perpetual uninterrupted day among num-
berless worlds, which no human art ever can discover. ¢

$66. Several stars arc mentioned by ancient as- Changes in
tronomers, which are not now to be found ; and the heavens.
others are now visible to the bare eye which are not recorded in
the ancient catalogue.  Hipparchus observed a new star about
120 years hefore Christ; but he has not mentioned in what
part of the heavens it was seen, although it occasioned his
making a catalogue of the stars ; which is the most ancient that
we have.

The first new star that we have any good account of, was
discovered by Cornelius Gemma on the 8th of No- | New stars.
vember A, p. 1572, in the chair of Cassiopeia. Tt
surpassed Sirius in brightness and magnitude ; and was seen
for 16 months successively. At first it appeared bigger than
Jupiter, to some eves, by which it was seen at mid-day : after-
wards it decayed gradually both in magnitude and lustre, unti]
March 1573, when it became invisible.

On the 13th of August 159G, David Fabricius observed the
Stella Mira, or wonderful star, in the neck of the whale ; which
has been since found to appear aud disappear periodically, seven
times in nix years, continuing in the greatest lustre for 15 days
together ; and is never quite extinguished.

In the vear 1600, William Jansenius discovered a change-
able star in the neck of the Swan ; which, in time, became so

$ A very full account of nebule, and double stars, with drawings of same of the
o8t importany, will be found 1n the yupplementary chapter or the Fixed atars —Ed,
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small as to be thought to disappear entircly, till the ycars 1657,
1658, and 1659, when it recovered its former lustre and mag-
nitude ; but soon decayed, and is now of the smallest size.

In the year 1604, Kecpler and scveral of his friends saw a
new star pear the heel of the right foot of Serpentarius, so
bright and sparkling, that it exceeded any thing they had ever
seen before ; and took notice that it yas every moment chang-
ing into some of the colours of the rainbow, except when it was
near the horizon, at which time it was generally white. It sur-
passed Jupiter in magnitude, which was near it all the month of
October, bu: easily distinguished from Jupiter, by the stcady
light of that planet. It disrappeared betwecn (ctober 1605 and
the February following, and has not been seen since that time.

In the year 1670, July 15, Hevelius discovered a new star,
which in October was so decayed, as to be scarce perceptible.
In April following, it regained its lustre, but wholly disappeared
in August. In March 1672, it was seen again, but very small ;
and has not beensvisible since.

In the year 1686, a new star was discovered by Kirch, which
returns periodically in 404 days.

In the year 1672, Cassini saw a star in the neck of the Bull,
which he thought was not visible in Tycho's time; nor when
Bayer made his figures.

867. Many stars, besides thosc above mentioned,
Caanct b have been observed to change their magnitudes ; and
as none of them could ever be perceived to have
tails, it is plain they could not be comets; especially as they
had no parallax, even when largest and brightest: It would
seem that the periodical stars have vast clusters of dark spots,
and very slow rotations on their axes; by which means, they
must disappear when the side covered with spots is turned to-
wards us. And as for those which break out all of a sudden
with such lustre, it is by no means improbable that they arc
suns whose fuel is almost spent, and again supplied by some of
their comets falling upon them, and occasioning an uncommon
blaze and splendour for some time; which indeed appears to
be the greatest use of the cometary part of any system.®

$ M. Maupertuis, in his dissertation on the figures of the celestial bodies (p. 61-63),
feof opinion, that some stars, by their prodigious quick rotations on their axes, nmy
pot only assume the fgures of eblate spheriods, but that by the great centzifugal force,
arlsing from such rotations, they msy becoms of the figures of mill-stenes ; or be re-
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Some of the stars, particularly Arcturus, have g . ...
been observed to change their places above a minute change their
of & degree with respect to others. But whether Pl
this be owing to any real motion in the stars themselves, must
require the observations of many ages to determine. If our
solar system changes its place, with regard to absolute space,
this must, in process of time, occasion an apparen: change in
the distances of the stars from each other : and in such a case,
the places of the nearcst stars to us being more affected than
those which are very remote, their relative positions must seem
to alter, though the stars themselves were really immoveable.®
On the other hand, if our own system b at rest, and any of the
stars in real motion, this must vary their positions; and the
more 50, the nearer they are to us, or swifter their motions
are; or the more proper the direction of their motion is for
our perception,

868. The obliquity of the ecliptic to the equinoc- .
tial is found at present to be above the third part s gynebe.
of a degrec less than Ptolemy found it. And most now to the e
of the observers after him, found it to decrease gra- frmy "
dually down to Tycho's time. If it be objected,
that we cannot depend on the observations of the ancients,
because of the incorrectness of their instruments; we have
to answer, that both Tycho and Flamstead are allowed to have
been very good observers; and yet we find that Flamstead
makes this obliquity 2} minates of a degree less than Tycho
did, about 100 years before him: and as Ptolemy was 1924
years hefore Tycho, so the gradual decrease answers nearly tb
the difference of time between these three astronomers. If we
consider, that the Earth is not a perfect sphere, but an oblate

duced to fiat circular plancs, so thin as to be quite invisible when their edges are
turned towards us ; as Saturn’s ring is in such pesitions. But when any eccentric
planets or comets go round any fiat star, in orbits much inclined to its equator, the
attraction of the planets or comets in their perihelions, must alter the inclination of
the axis of that star ; on which account, it will appear more or less large and lumi-
nous, as its broad side is more or less turned towards us. And thus he imagines we
may account for the apparent changes of magnitude and lustre in those stars, and

® This change in the velative positions of the fixed stars has been detected by Sir
William Herschel, who has ingeniously attempted to deduce, from the nature of
these changes, the velocity of our system, and the direction in which it moves. Sec
the supplementary chapter On the Jlixed Starow-Ed.
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spheroid, having its axis shorter than its cquatoreal dumeter ;
and that the Sun and Moon are constantly acting obliquely
upon the greater quantity of matter about the equator, pulling
it, as it were, towards a nearer and nearer coincidence with the
ecliptic; it will not appegr unprobable, that these actions should
gradually diminish the angle between those planes.  Nor is it
less probable that the mutual attractiog of all the planets should
have a tendency to bring their orbits to a coincidence : but this
change is too small to become sensible in many ages.?

(CHAP. XXI. .

OF THE DIVISION OF TIME-—A PERPETUAL TABLE OF XEW
MOONS—THE TIMES OF THE BIRTH AND DEATH OF CHBIST—
A TABLE OF REMARKABLE ERAS OR EVENTS.

. 369. Tux parts of time are Seconds, Minutes, Hours, Days,
Years, Cycles, Ages, and Period-.

870. The original standard, or integral measure
of time, is g year; which is determined by the revo-
lution of some celestial body in its orbit, viz. the Sun or Moon.
Tropical 871. The time measured by the Sun’s revolution
yoar. in the ccliptic, from any equinox or solstice, to the
same again, is called the Solar or Tropical Year, which con-
tainus 365 days 5 hours 48 minutes 57 seconds; and is the only
proper or natural year, because it always heeps the same sca-
Sons to the same months. .
Sydereal 372. The quantity of time measurced by the Sun's
yea. * revolution, as from any fixed star to the same star
again, is called the Sydereal Year; which contains 365 days 6
hours 9 minutes 14} seconds; and is 20 minutes 17} seconds
longer than the true solar year.

373. The time measured by twelve revolutions of
the Moon, from the Sun to the Sun again, i~ called
the Lunar Year; it contains 354 days, 8 hours, 48 ninutes,
86 ~«cconds; and is therefore 10 days, 21 hours, 0 minutes, 21
seconds, shorter than the solar year.  This is the foundation of

the epact. -

A year.

Lunar year.

7 Sec the Supplementury chapter on the ?bhqmly of the Echipuc.
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374. The Civil Year is that which is in common
use among the different nations of the world; of
which, some reckon by the lunar, but most by the solar. The
civil solar year contains 865 days, for three years runmng, which
arc called Common Years; and then comes in what is called
the Bissextile or Leap-year, which contains 366 days. This is
also called the Julian Year, on account of Julius Ceesar, who
appomnted the inlcrcalury day every fourth year, thinking there-,
by to mahe the civil and solar year keep pace together. And
this day, heing added to the 23d of Fcbruary, which in the
Roman calendar was the sixth of the calends of March, that
sixth day was twice reckoned, or the 23d and 24th were reckon-
od as one day ; and was called Bis sextus dics, and thence came
the name Bissextile for that year. But in our common alma-
nachs, this day is added at the end of February.

375. The Cnal Lunar Year is also common or in-
tercalary.  The common year consists of 12 luna-
uons, which contain 854 days; at the end of which, the year
begins aguin.  The Intercalary, or Fmbolimic year, is that
wherein a month was added, to adjust the lunar year to the
solar. This method was used by the Jews, who kept their ac-
count by the lumr motions. But by intercalating no more than
a month of 80 days, which they called Ve-Adar, every third
year they fell 83 days short of the solar year in that time.

376. The Romans also used the lunar embolimic
year at first, as it was settled by Romulus their first
king, who made it to consist only of ten months or lunations;
which fell 61 days short of the solar year, and so their yesr
became quite vague and unfixed ; for which reason they were
forced to have a table published by the high-priest, to inform
themn when the spring and other scasons began. But Julius
Ceesar, as already mentioned, § 874,° taking this troublesome
affuir tnto consideration, reformed the calendar, by making the
year to cousist of 365 days, 6 hours. -

877. 'The year thus scttled, is what was used in The o
Britain till a. n. 1752: but as it is somewhat more of the Grego-
than 11 minutes longer than the solar tropical year, rien or new
the times of the equinoxes go backward, and fall
earlier by one day in about 130 years. In the time of the Ni-
cene Council (A, p. 825), which was 1439 years ago, the ver-
nal equinex fell on the 21st of March: and if we divide 1444

Civil year.

Lunar year.
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by 180, it will quote 11, which is the number of days the equi-
nox has fallen back »sinc> the council of Nice. This causing
great disturbances, by unfixing the times of the celebration of
Easter, and consequently of all the other moveable feasts, pope
Gregory the XITI, in the year 1582, ordered ten days to be at
once struck out of that ycar; and the next day afier the 4th
of October, was called the 15th. By this means the vernal
equinox was restored to the 21st of March; and it was endea-
voured, by the omission of threc intercalary days in 400 ycars,
to make the civil or political year keep pace with the solar for
the time to come. This new form of the year is called the
Gregorian account, or New Scyle; which is reecived in all coun-
trics where the pope’s authori.y is acknowledged, and ought to
be received in all places where truth is regarded
Montha. 878. The principal division of' the year 1 mto
months, which are of two sorts, namely, Astronom-
cal and Civil. Th. astronomical month is the time m which
the Moon runs through the zodiac, and i~ either penodieal or
synadical. The periodical month is the time spent by the Moon
in making one complete revoludon from any point of the zo-
diac to the same again; which is 27" T 48™. The synodical
month, called a lunation, is the time contained between the
Moon’s parting with the Sun at a conjunction, and 1eturning
to him again; which is 299 12" 44™. The civil months arc
those which are framed for the uses of civil life; and are dif-
ferent as to their names, number of days, and times of begin-
ning, in several different countries. The first month of the
Jewish year fell, according to the Moon, in our August and
September, old siyle; the second in September and October ;
and so on. The first month of the Egyptian ycar began on the
20th of our August. The first month of the Arabic and Turk-
ish year began the 16th of July. The first month of the Gre-
cian year fell, according to the Moon, in June and July, the se-
cond in July and August, and so on, as in the following table..
_879. A month is divided into four parts called weeks, and a
week into seven parts called days; so that in a Julian year
there are 13 such months, or 52 weeks, and one day over. The
Gentiles gave the names of the Sun, Moon, and Plancts, to
the days of the week. To the first, the name of the Sun; to
the second, of the Moon ; to the third, of Mars; to the fourth,
of Mcrcury ; to the fifth, of Jupiter; to the sixth, of Venus;
and to the seventh, of Saturn,
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No. The Jewsh year. é‘ No.|  The Egyptisn year. g’
[ ]
1 |Twn... .........Aug. —Sept| 30 1 [Fh0thesssses e August....20] 30
2 |Marchesvan....Scpt. —Oct. | 29 2 Paophi..,. cs:... September.28) 30
3 Caileau......., (xt. —Nov.| 30 3 lAthn'. cssvasese .chber.... 30
4 T'beth.......... Nov. —Dee. | 29 4 Chq.e.......... November.27 30
5 [Shebat.... . ...Dec. —Jar? :w‘ 5 Tybiu.esesser.. D2cember. 27| 30
6 |Adar . ....... Jan —Feb.| 20 G |Mechir ..........January ...26] 30
7 |Nuan or Abb.Feb. —Mar.; 30 -« F'ebruary..25| 30
4 Jur... ... Mar. —Apr.| 29 8 {l’-mathi-.......Mucb... 27| 30
g {Swan....... ...Apr. ~—May| 30 9 |Pachon... ......April......26 30

10 [Tamuz ««May —June| 20 10 Paym......... «.May.... ..26| 30

n D ccseecnenes JunE -—J“l’ 30 11 [E secsens easd UNE aepeaue 28) 30
12 [Eluleenn..noe. .Jnly-Ang- 29 12 lJ eree sornsdlYunnniens 25| 30

Days 1 the year ............[354 | Epagomene, or days added....| 5

Tn the Iimbolunic year afmjdsr, .
they added amonth caed Ve-Adar, Days in the year................[365
of 30 days.

No.|The Arabic & Turkush year. é | No.| The ancient Grecian year. §~
1 Lgm‘l:h"lﬂ‘lm . !IAul’u nn{ g Bmwnh]d' 30
2 I werarsans ugust.... MW..Jnl A 29
3 |Rabua I.......... .13 30 'Mvmh II;—SG‘;:. 30
4 [Rab II........October....13 29 W.. «sSept—aOct. | 29
5 [Jomada I....... November.11] 30 5 aimacterion ..Oct. —Nov. | 30
G |[Jomada II......December.11| 29 6 |Posideon.. .....Nov.—Dec. | 29
7 {Rapb...,....... January.....%f 30 Jameliot...... Decs—Jan. | 30
8 |Shasban.......... Yebruary ...8 29 ll Andlmcnon .Jan.—Feb. | 20
9 |Ramadam.......March.......9 30 9 /Flaphebohon.. Feb.—Mn 30
10 Shewal... ...... A] ll-....... 29 10 Mnuicheon .....Mar.—A 29
11 Dulhndnh ay .. 30 11 Thl'gelmn...... 30
12 IDu]heggh SN °f 29 12 Schurrophonon. Ml:y—June 29

L]
Days 1 the year. ......cccer....[354 Days i the year............... 354

“The Arabians add 11 dnyw at themd
of every year, whv(h Leeps t ¢ same |

months to the same seasons.

380. A day is either natural or artificial. The
natural day contains 24 hours; the artificial, the

Days.

time from sun-rise to sun-set. The natural day is cither as-

tronomical or civil.

The astronomical day begins at noon, be-

causc the increase and decrease of days terminated by the hori-
zon are very uncqual among themselves; which inequality is
likewise augmented by the inconstancy of the horizontal refrac-’
tions, § 188; and therefore the astronomer takes the meridian



318 OF THE DIVISION OF TIME. ¢H. XXI.

for the limit of diurnal revolutions: rechoning noon, that is,
the instant when the Sun’s centre is on the meridian, for the
beginning of the day. The British, French. Dutch, Germans,
Spaniards, Portuguesc, and Egvptians, lu-gm the civil day at
midnight: the ancient Grecks, Jews, RBohemians, Hllcalam,
with the modern Italians, and Chinese, begin it at sun-setting :
and the ancient Babylonians, Persiang, Syrans, with the mo-
dern Greeks, at sun-rising.

381. An hour is a certain determinate part of the
day, and is cither equal or uncqual. An equal hour
is the 24th part of & mean natural day, as shewn by well regu-
lated clocks and watches; but these hours are not guite equal,
as measured by the returns of the Sun to the meridian, beeause
of the obliquity of the ccliptic, and the Sun’s unequal motion
in his orint, § 224-245. Uncqual hours are those by which
the artificial day is divided into 12 parts, and the night into as
many.

Minutes,se- 82 An hour is divided into 60 equal parts called
conds, thirds, minutes, a minute into 60 equal parts called seconds,
and scruples. andl these again into 60 cqual parts called thirds,
"The Jews, Chaldeans, and Arabians, divide the hour mto 1080
equal parts called scruples; which number contains 18 tines
60, so that one minute contains 18 scruples.

Cyeleaof the 333 A eycle is a perpetual round, or eirculation,
Sun, Moun, of the same parts of time of any sort.  The cycle of
sndindiction. 11,» Sun is & revolution of 98 years, in which time
the days of the months return again to the same days of the
week ; the Sun'’s place to the same signs and degrees of the
ecliptic on the same months and days, so as not to differ one
degree in 100 years: and the lcnp-vcarh begin the same course
over again with respect to the days of the weck on which the
days of the months fall. The cycle of the Moon, commonly
called the golden nuinber, is a revolution of 19 years ; in whic h
tinie, the conjunctions, oppositions, and other aspects of the
Moon, are within an hour and a half of being the sanie as they
were on the srame days of the months 19 years before. The
indiction is a revolution of 15 years, used only by the Ro-
mans for indicating the times of certain payments made by the
suhjects to the republic: it was established by Constantine,

. p. 312

Hours.
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384. The year of our Saviour's birth, accobding 000
to the vulgar era, was the 9th year of the solar years of these
cycle; the first year of the lunar cycle; and the e
312th year after his birth was the first year of the Roman in-
diction. Therefore, 1o find the year of the solar cycle, add 9
to any given ycar of Christ, and divide the sum by 28, the
quotient is the number of cycles clapsed since his birth, and
the remainder is the cycle for the given year: if nothing re-
mains, the eyele is 28, To find the lunar cycle, add 1 to the
given year of Christy and divide the sum by 19; the quotient
is the number of ¢y cles elapsed in the interval, and the remain-
der is the cycele for the given year: if nothing remains, the
ayele is 19, Lastly, subtract 312 from the given year of Christ,
* and divide the remainder by 15; and what remains after this
division is the indiction for the given year: if nothing remains,
the indiction is 15.

385. Although the above deficiency in the lunar my. 4
eycle of an hour and half every 19 years, be but acncy of the
small, yet in time it becomes so sensible as to make :':"&":me’:l_"
a whole natural day in 310 years. So that, although quence there-
this eyele be of use, when the golden numbers are of.
rightly placed aganst the days of the months in the calendar,
as m our common prayer-books, for finding the days of the
mean conjuncetions or oppositions of the Sun and Moon, and
consequently the time of Easter; it will only serve for 310
yews, old style.  For, as the new and full moqus anticipate a
day in that time, the golden numbers onght to be placed one
day carlier in the calendar for the next 310 years to come.
"These numbers were rightly placed against the days of new
moon in the calendar by the council of Nice, a. p. 325; but
the anticipation, which has been neglected ever since, is now
grown almost into 5 days; and therefore all the golden num-
bers ought now to be placed 5 days higher in the calendar for
the old style than they were at the time of the said council ; or
six days lower for the new style, because at present it differs
11 days from the old.

986. In the annexed table, the golden numbers How to find
under the months stand against the days of mew ‘h:ndz o
moon in the left-hand column, for the new style; by he golden
adapted chiefly to the second year after leap-year, number

as being the nearcest mean for all the four; and will serve till
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the year 1900. * Theréfore, to find the day of new moon in
any month of a given year till that time, look for the golden °
number of that year under the desired month, and against it,
you have the day of new moon in the left-hand column.

THHEHBHERAE

9|17l17] 6 1 19
17 6l14|14] 3|11 19
3

Days.
Jan.
July

[
<=1 PO
(-]
bt

7
6l14]14] 8 19| 8 16
14 sjujnjig] 8 16

3 Si11]11]19 8|16 13
H 191 8] 8]116) 5| 51|18
1mjiglir}ig . 13 )

WR=IMN| thph N =

1119 8 5113 2 2110

14/16) 5|16 .5 2|10]18 18] 7

16 18 gj1oj1oj18| 7 15

19 10 |. 18| 7¢f 7(15| 41 4|12
20/10] 181018 15 121 1] 1

2118 181 71 7115 4112

24 15| 4] 412 11 9
2B115| 4 12 1| g|17{17] 6

7 12 1|1} 9| 9{17] 6 14
28 |12] 1|12 9 17| 6|14 14] 8] 8
21 1 119 17 3 11

s1{ 9 9 14| 3 11 19

Thus, suppose it were required to find the day of new moon in
September 1757 ; the golden number for that yearis 10, which
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1 look for under September, and right against it in the left-
hand column I find 18, which is thedayofﬂevmoonmtlut
month.

N. B.Ifalltlwgoldennumbers,exuptl"lmdB, were set
one day lower in the table, it would serve from the beginning
of the year 1900 till the end of the year 2199, The first table
after this chapter shews the golden number for 4000 years after
the birth of Christ; by looking for the even hundreds of any
gwen year at the left hand, and for the rest to make up that
year at the head of the table; and where the columns meet,
you have the golden number (which is the same both in the old
and new style) for the given year. Thus, suppose the golden
number was wanted for the year 1757; I look for 1700 at the
“left hand of the table, and for 57 at the top of it ; then guiding
ny eye downward from 57 to over mgainst 1700, I find 10,
which is the golden number for that year.

387. But because the lunar cyele of 19 years some- A
tunes includes five h'apyears, and at other times M
ouly four, this table will sometitmes vary a day from fme of vew
the truth in leap-years after February. And it is nearest howr,
umpossible to have one more correct, unless we ex- fr the od
tend it to four times 19, or 76 years ; in which there
are 19 leap-years without a remainfler. But even then to have
it of perpetual use, it must be adapted to the ald style; because
in every centurial year not divisible by 4, the reguler course
of leap-years is interrupted in the new; as will be the case in
the year 1800. Therefore, upon the regular old style plan, I
have computed the following table of the mean times of ali the
new moons to the nearest hour for 76 years; beginning with
the year of Christ 1724, and ending with the year 1800.

This table may be made perpetual, by deducting 6 hours
from the time of new moon in any given year and month from
1724 to 1800, in order to have the mean time of new moon in
any year and month 76 years afterwards; or deducting 12
hours for 152 years; 18 hours for 228 years; and 24 hours
for 804 years : because in that time the changes of the Moon
anticipate almost & complete natural day. And if the like
number of hours be added for so many yesrs past, we shall
have the mean time of any new moon already elapsed. Sup-
pose, for example, the mean time of change was required for
January 1802, deduct 76 years, and there remains 17%6,

VOL. 1. Y
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dgainsl winch, in the followmg table, under January, 1 fmd
the time nf new moon was on the 21st day, at 11 in the cven-
ing: from which take 6 hours, and there remains the 21st day,
at 5 in the evening, for the mcan time of change in January
1802. Or, if the time be required for May, a.n. 1701, add
(] years, and it makes 1777, which I Jook for in the table, and
against it nnder May, 1 find that the new moon in that year falls
on the 25th day, at 9 in the evening ; to which add 6 h«mrs, and
it gives the 96th day, at 8 in the morning, for the time of new
moun in Mayv, A. ». 1701. By this addition for time past, or
subtraction for time to come, the table will not vary 24 hours
from the truth in lcss than 14,592 vears. And i, instend of 6
hours for every 76 years, we add or subtract only 5 hours 3¢
minutes, it will not vary a day in 10 millions of years.

« Although this table is daleqlated for 76 years only, and ac-
cording to the old «tyle, yet by means of two casy cquations, it
may be made to answer as exactly to the new style, for any
time to come.  Thus, becanse the year 1724 in this table is the
first year of the eycle for which it is made ; if, from any yeur of
Christ after 1800, you subtract 1723, and divide the overplus by
76, the quotlent will shew how many entire cycles of 76 years
are clapsed since the heginning of the cycle here provide d for;
and the remainder will shéw the year of the cyrrent exele
answering to the given year of Christ.  Henee, if the remamder
be 0, you must, instead thereof. put 76, and lessen the quo.
tient by unity.

Thien, look in the left.hand colummn of the table for the num.
ber in your remainder, and against it you will find the times of
all the mean new moons in that year of the present eyele.  And
whereas, in 76 Julian years, the Moon anticipates 5 hours 52
minutes, if therefore these 5 hours 52 minutes be multiplied by
the above-found quotient; that is, by the number of cntire
cycles past ; the product subtracted from the times in the table
will leave the corrected times of the new moons to the old style ;
which may be reduced to the new style thus :—

Divide the number of entire hundreds in the given year of
Christ by 4, multiply this quotient by 3, to the product add
the remainder, and from their snn subtract 2: this last re-
mainder denotes the number of days to be added to the times
above corrected, in order to reduce them to the new style. The
reason of this is, that every 400 years of the new rtyle gains 3
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days upon the old style: one of which it gains in each of the
centurial years succeeding that which is exactly divisible by 4
without 2 remainder ; but then, when you have found the days
<o gained, 2 must be subtracted from their number, on account
of the rectifications made in the calendar by the council of Nice,
and since by Pope Gregory. It must also be observed, that
the additional days found gs above directed, do not take place
in the centurial years which are not multiples of 4till February
20th, old style, for on that day begins the difference between
the styles; till which day, therefore, those that were added in
the preceding years must be used. The following cxample will
mahe this accommodation plain.

Regutred the mean tame of New Moon in June, A. D. 1809, x. s.

From 1909 take 1723 years, and there remains.cccccceeee. 186
Whaich divided by 76, gives the quotient 2, and the re-
MAMNACT coaveresoenes csiosrsossenssesnsassonsannsoutosaes sosss M
Then, aganst 34 1n the Table 18 Junoccccsenes crneneneenes 54 g» Om afternoon
And 5" 52 multiplied by 2, make to be subtracted....... 110 44=
Remans the'menn time, ac cording to the old syle, June... 5 g* 16=
Lintre hundreds 1n 1909 are 19, which divade by 4, quom 4
And leaves u remander of... e s .,
Which quotient multsplied by 3, mnku 12, -nd the re.
mamder added, makes.iiceeeiieanrecsncinssecseroinsscmmnns 16
From which subtract 2, and there remains... ...coccevenaees 13
“Iuchnumbﬂofduyllddedwdusbmenme,olduyle,
BIVE8 JUDE..oueeaie e sresrrenssesnsvsensenssrassansease canens 184 9 16™ momn. N. 8.

So thg mcan time of new moon in June 1909, new style, is
the 18th day, at 16 minutes past 9 in the morning.

If 11 days be added to the time of any new moon in this
table, it will give the time thereof, according to the new style,
till the ycar 1800. And, if 14 days 18 hours 22 minutes, be
added to the wean time of new moon in either style, it will give
the mean time of the next full moon, according to that style.
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A Table shewing the Times of all the mean Changes of the Moon,
lo the nearest Hour, through four Lunar Periods, or 76 Years.
u signifies Morning, A Aflernuon.

e < January lFelmnry Mltdl’ April May June
ﬁb .h!l-:— o, —

¥ [ !n. P TS ;n. u. {o. m. b H

o

1 172814 5 W13 5 M18 6 Ay ’;'u‘ll SAl0 8 M
2 (1723 8 eu'n 248 sx1 4.\5 :‘:eg 6w
3 (172621 11 AZ0 11 W21 12 AZ0 T AZ0 1 MI8 2 A
4 (IT27 10 s M9 01l QIQIOAQIIN"IIQA
511T¢830 G u28 7 AR0 T M27 8 AlRT S M2 O A
| 6 a7 4M16 5415 6w
1T 1 ] 146 2w 4 4 A
8 ) 11 Mi24 11 ARS 0 A

9 tu'ls sxnn 9
1 Om
10 -l»\llae .'u\Lm .‘.J
n 2 M2l 2 ARO 3w
12 unino 1149 0a
118 9 mU8 G A7 10 M
14 5 aAll8 5uM1I6 G o
15 1 17 2A6 3a
16 ) 12 A26 O AR5 I m
17 oxi4 9 aAlls 10w
18 . 5A 4 52 6 A
19 1 8 A28 S Ml 4 A
£0 12 A12 OAll 1IN
21 g\ 0 10 M28 117
22 6 M9 6 a 7uF
28 10 12 3A9 SM7 42
24 |1747R9 10 a 0 A27 12 1 A
25 0 Al6 9 14 10 A
26 Gml 5 6 7 M
27 4M2% 4 A28 5w
o8 [176115 10 Al1é 11 25 21 0AIS 12 A12 14
29 9 A ’l',lg 3o 11 w
80 7 ARl 7TuM19 8 A
81 4Mil0 449 5m

10 A

32 11 x 12 A29 1 8 2 M
33 0 Ml17 10 Al16 11 m
84 TAT 7w 65 8a
85 4 ARG Sw24 5 A
36 10 M15 17 .0 Al16 1315 Lajls 2m
87 410wl S10A2 11N
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A Table of the mean New Moons, &e.

825

August | Sept. | October | Nov.
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A Table of mean New Moons concluded.
g January | Februaty| March | Aprl | May June
35' A D.
(SF-] . |p. A [p. W |D. H. |D. D m
88 [1761/24 3 624 7 A23 B MRZ 9 AR21L0 M
39 1:16214 3 yﬂlz 4 Al12 4M10 5 A
40 1764 3 0A2 1u3:;"29 3 A
41 |1764/22 10 w19 11 .Ils) 1 12 A
42 176510 649 7m 7 8 M
43 {1766'29 4 A28 5 wM 5 6w
44 1767118 1 M17 2 A Q 3 4
45 |1768| 8 10w 7 11 A 1 12
46 (176926 7T ul2s 8 8 9 A
47 (1770015 "t oaAllt 5 3 M
48 (1771} 4 w3 @ Q 3 A
49 1177223 10 (1 11 0 a
50 T w0 8 9 A
51 ;;29 5 T A
52 @ W19 3 “howm
53 10 Al T 11 0 a
54 8 a2 9 10
55 5M15 6 7oA
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1 /1800114 11 %12 12 A]13 O Al12 1 2m

The year 1800 begins a new Cycle.
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» J88. "Lhe Cycle of Easter, also called the Dionysian Period,
is a revolution of 532 years, found by multiplying the solar
Faster cyde  Cycle 281:) the lunar eycle 19.  If the new moons
deficient. did not anticipate upon this cycle, Easter-day would
always be the Sunday nest after the first full moon which fol-
lows the 21st of Mareh. But, un account of the above ntici-
pation, § 422, to which no proper regard was paid before the
late alieration of the style, the Ecclisiastic Easter has several
times been a week different from the true Easter within this
last century. This incouvenience is now remedied by making
the table, which used 10 find Easter for ever, in the common
prayer book, of no loncer use than the lunar difference from the
new styvle will admit of.
Nomiber of 380). The earhiest Easter possible, is the 22d of
dwection-  March, the latest the 25th of Apnl.  Within these
limits are 85 day s, and the number belonging to each of them,
is called the number of direction ; because. thereby the time of
Easter is found for any given year. To {ind the number of
direction, according to the new style, enter Table V, at the end
of this chapter, with the complete hundreds of any given year
at the top, and the years theredt (if amy) below an hundred, at
the left hand ; and where the columns meet, 1 the domnical
letter for the given ycar. 'Then enter Table I, with the com-
plete hundreds of the same year at the left hand, and the ycars
below an hundred, at the top ; and where the columns meet, 1
the gulden nuinber for the same year. Lastly, enter Table 11,
with the dominical letter at the left hand, and golden numiber
at the top; and where the columns meet, is the number of di-
rection for that vear; which numnber, added to the 21st day of
March, shews on what day cither of March or April Easter
Sunday falls in that year. Thus the dominical letter, new
style, for the year 175%, is B (Table V.) und the golden number
is 10 (Table I), by which, in Table 1I, the number of direc-
To Snd the Uon s found to be 20; which, reckoning from the
srue Easter.  9Yst of March, ends on the 10th of April, that is
Easter Sunday, in the year 1767.*

N. B. There are always two dominical letters to the leap-
year, the first of which takes place to the 24th of February, the
last for the following part of the year.

* A new und mitallible suethod of nding Kasster, without uny refurence to the
1.ner motiong, discovered by M Glwuwy, will be found 10 the Kuinavzen Ex-
«sviLOPADIA. Art. CHRONOLOGY. vol. V1. D. 411, 4]12.—Ed.
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890. The first seven letters of the alphabet are commonly
placed in the annual almanacks, to shew on what days of the
week the days of the months fall throughout the year. And
because one of those seven letters must necessarily pominical
stand against Sunday, 1t 1s printed in a capital form, letter.
and called the dominieal letter : the other six being mserted in
small characlcrn, to denote the other six days of the weck.
Now, since a common Julan year contains 365 days, if this
number be divided by 7 (the number of days in a weck), there
will reman one day.  If there had been no remainder, 1t is
plamn the year would constantly begin on the <ame day of the
weeh  But since 1 romaine, 1t 15 as plain that the year must
begin and end on thé same day of the weeh ; and therefore the
next year will begin on the day following. Hence, when Ja-
mury begmns on Sunday, 4 is the domimeal or Sunday letter
for that year - then, because the next year begins on Monday.
the \undn\ will fall on the <eventh day, to which is anneved
the seventh letter (7, which therefore will be the dominical let-
tet for all that year - and a» the thurd year will begin on Tues
day, the Sunday will full on the sinth day ; therefore F' will be
the Sunday letter for that year Whence it is evident, that
the Sunday letters will go annually in a retrograde order thus;
G, F,E.D,(, B, 4. And m the course of seven years, if
they were all common ones, the same days of the week, and
dounnical letters, would return to the same days of the mortths.
But because there are 866 days in a lcap-year, if this number
be divided by 7, there will remain two days over and above the
52 weehs of which the year conwusts. And therefore, if' the
leap-y car begins on Sunday, it will end on Monday; and the
neat vear will begin on Tuesday, the first Sunday whercof must
fall on the sinth of January, to which is annexed the htter F,
and not G, as in common years. By this means, the leap-year
returning every fourth year, the order of the dominical letters
is mterrupted and the series cannot return to its first state till
after four times seven, or 28 years; and then the same days of
the months return in order to the same days of the week as
before.

891. T'o find the Dominical leiter for any year, g, snd the
cither before or after the Christian era. In Table dommeallet-
X1, or IV, for old style, or V, for new style, look **
for the hundreds of years at the head of the table, and for the
years below an hundred (to mahe up the given year), at the
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left hand; and where the colunms meet, you have the domi-
nical letter for the year desired.  Thus, suppose the doun-
nical letter be required for the year of Chrat 1758, new style,
I look for 1700 at the head of Table V, and for 38 at the Jeft
hand of the same table; and in the angle of meeting, T find A,
which is the dominical letter for that year. It it was wayting
for the same year old style, it would be found by Table I'V, W
be D. But to find the dominical lefter for any given yer
before Christ, subtract one from that year, and then proceed
all respeets as just now taught, to find it by ‘Table H1L. Thus,
suppose the dominical letter be required for the 385th year
pefore the first year of Christ, look for 500 at the head of "Faby,,
IT1. and for 8% at the lett hand ;5 in the mecting of these o

lumns is F' E, which were the dommcal lotters for thm year,
and shews that it was a Jeap-year. because leap-year has al-
ways two dominical letters,

o find the 992 T'o find the d ey of the month answering to
days of the any day of the seek, m the day of the welk answer

uwnths. ing to any duy of "the month, fin any ypwr pust o to
come. Having found the dominical letter for the given e,
enter Table VI, with the dominical letter at the bead; and
under it, all the days in that column are Sundays, in the div-
sions of the months; the next column to the right hand are
Mondays ; the next Tuesdays; and so on to the last colummn
unfler G ; from which go back to the colunm under .f, and
thence proceed towards the right hand as before.  Thus, inthe
vyear 1757, the dominical letter, new style, is B, in Table V,
then in Table VI, all the days under B2 are Sundays in that
year, viz. the 2d, 9th, 16th, 23d, and 30th, of January and
October ; the Gth, 18th, 20th, and 27th of February, March,
and November ; the 3d, 10th, and 17th of April and July, to-
gether with the 81st of July ; and so on to the foot of the co-
lumn. Then, of course, all the days under €' on Mondays,
namely, the 3d, 10th, &c. of January and October ; and so of
all the rest in that column.  If the day of the weck answering
to any day of the month be required, it is casily had from the
same table by the letter that stands at the top of the column in
which the given day of the month is found, Thus, the letter
that stands over the 28th of May is 4; aul in the year 585
before Chrint, the dominical letters were found to be # E, §
301 which heing a leap-ycar, and £ tahing place from the
21th of Fibruary 10 the endtof that year, shews by the table
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that the 25th of May was on a Sunday ; and thercfore the 28tk
must have been on 2 Wednesday ; for when E stands for Sun-
day, F must stand for Monday, G for Tuesday, &c. Hence,
as it is said that the famous eclipse of tHe Sun foretold by
Thales, by which a peace was brought about between the
Msgdes and Lydians, happened on the 28th of May, in the
585th year before Christ, it fell on a Wednesday

393. From the multiplication of the solar cycle of Julian pe.
Q8 years, into the lunar cycle of 19 ycars, and the rod
Roman indiction of 15 years, arises the great Julian period,
conssting of 7980 years, which had its beginning 764 years
before Strauchius’s supposed year of the creation (for no later
could all the threc ‘cycles begin together), amd it is not yet
completed : and therefore it includes all other cycles, periods,
and cras, There 18 but one year in the whole period that has
the «ame numbers for the three cycles of which it is made up:
and therefore, if historians had remarhed in their writings the
eycles of each year, there had been no dispute about the time
of any action recorded by them.

394. The Dwnysian, or vulgar era of Christ’s To find the
birth, was about the end of the vear of the Julian year of this
period 4713; and consequently the first year of his period.
age, according to that account, was the 4714th year of the <aid
period. Therefore, if to the current year of Christ we add
4713, the sum will be the year of the Julian period. 8o the
year 1757 will be found to be the 6470th year of that period.
Or, to find the year of the Julian period anewering to any given
year before the first year of Christ, subtract the number of that
given year from 4714, and the remainder will be the year of
the Julian period. Thus, the year 585 befox:c the first year of
Christ (which was the 584th before his birth), was the 4129th
vear of the said period. Lastly, to find the cycles of the Sun,
Mooh, and indiction, for any given ycar of this period, divide
the given year by 28, 10, and 15; the thee re- And the cy-
mainders will be the cycles sought, and the quo- cles of that
tients the numbers of cycles run since the beginning T
of the period. So in the above 471dth year of the Julian pe-
riod, the cycle of the Sun was 10, the ¢ycle of the Moon £,
and the cycle of indiction 4; the solar cycle having run through
168 courses, the lunar 248, and the indiction 314.
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Thetrueera, 595 The vulgar era of Christ’s birth was never
of Christ’s  settled till the year 527, when Dionysius Fiiguus, a
birth. Roman abbot, fised it tothe end of the 4713th year
of the Julian period, which was four years tov late,  For our
Saviour was born before the death of Herod, who sought to kil
him as soon a» he heard of his birth. And, according to-the
testimony of Josephus (B. xvii, ch. 8), there was an eclipse of
the Moon in the time of IHerod's last illness ; which eclipse ap-
pears, by our astronomical tables, to have been in the year of
the Julian period 4710, March 13th, at 3 hours past midnight,
at Jerusalem. Now, as our Saviour must have been born some
months hefore Herod’s death, since in the interval he was car-
ried into Egypt, the latest time in which we can fix the true
cra of his birth, is about the end of the 4709th year of the Ju-
hian period.

There is a remarkable propheey delivered to us in "the ninth
chapter ‘of the book of Daniel, which, from a certain epoch,
fixes the time of restoring the state of the Jews, and of building
the walls of Jerusalem, the coming of' the Messiuh, his denth,
and the destruction of Jerusaiem.  But some parts of this pro-
phecy (ver. 23), are = injudiciously pointed in our English
translation of the bible, that, if they be read according to those
stops of pointing, they are quite unintelligible.  But the Jcarned
Dr. Prideaux, by altering these stops, mahes the sense very
plam and as he seems to me to have explained the whole of
it better than any other author I have read on the subject, I
shall set down the whole of the prophecy according as he has
pointed it, to shew in what manner he has divided it into four
different parts.

Ver. 24, ¢ Seventy wecks are determined upon thy people,
¢ and upon thy holy city, to finish the transgression, and to
¢ make an end of sins, and to make reconciliation for iniquity,
¢ and to bring in everlasting righteousncss, and to seal up the
¢ vision, and the prophecy, and to ancvint the most holy. Ver.
¢ 25. Know thercfore aud understand, that from the going
¢ forth of the commandment to restorc and build Jerusalem
¢ unto the Messiah, the prince shall be seven weeks and three-
* acore and two weeks, street shall be built again, and the
¢ wall cven in troublous times. Ver. 26. And after threescore
¢ and two weeks shall Messiah be cut off, but not for himself,
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¢ and the people of the prince that shall come, shall destroy
* the city and sanctuary, and the cnd thereof shall be w:th a
¢ fload, and unto the end of the war desolations are determined.
¢ Ver. 27. And he shall confirm the covenant with many for
¢ one week, and in the mdst! of the week he <hall cause the
¢ @ fice and the oblaton to cease, and for the overspreading
¢ of abominations he Ahall make 1t desolate even until the con-
¢ summation, and that determned  <hall he poured upon the
¢ desolate.

‘This commandment was given to Ezra by Artaxerves Lon-
gimanus, in the seventh vear of that king’s reign (Ezra, ch. vii,
ver 11-26) Ezra bcgnn the work, which was aftcrwards
accomplishcd by Nehennali; in wiieh they met with great op-
position and trouble fram the Samaritans and others, during the
first «even weehs, or 49 years.

From this accomphshment, till the time when Christ’s mes-
senger, John the Baptist, began to preach the hingdom of the
Messiah, G2 weeks, or 334 yvears.

From thenee, to the I)egmnmg of Christ’s publie mlmstr).
haif a week, or 3} years.

And from thence to the death of Christ, half a week, or 33
vears; in which half week he preached, and confirmed the
covenant of the gospel with many

In all, from the guing forth of the commandment till the
death of Christ, 70 weehs, or 490 years.

And, lastly, in a very striking manner, the prophecy foretels
what should come to pass after the expiration of the seventy
weehs ; namely, the destruction of the city and sanctuary by
the people of the prince that was to come; which were the
Roman armies, under the command of Titus their prince, who
came upon Jerusalem as a torrent, with their idolatrous images,
which were an abomination to the Jews, and under which they
marched against them, invaded their land, and besieged their
holy city, and by a calamitous war brought such utter destruc.
tion upon both, that the Jews have never been able to recover
therselves, even to this day.

Now, both by the undoubted canon of Ptolemy, and the fa-
mous era of Nabonassar, the beginnimg of the seventh year of

"\ Tha Doctor says, that this ought to be rendered, the half part of the week, not
the oudet. _ -
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the reign of Artaxerxes Longimanus, king of Persia (who is
called Ahasuerus in the book of F sther), is piuned down to the
4256th year of the Julian period, in which year he gave Ezra
the above.mentioned ample commission : from which count 490
vears to the death of Christ, and it will carry the same to the
4746th year of the Julian period. P

Our Saturday is the Jewich Sabbath ¢ and it is plain, from
St. Mark, ch. xv, ver. 42, and 8t. Luke, ch. xxiii, ver. 5%,
that Chrift was cruciﬁed on a Friday, ia-ing the crucifivion
was on the day next hefore the Jewish Sabbath.  And, accord-
ing to St. John, ch. xviii, ver. 28, on the day that the passover
was to be caten, at ‘least by many of the Jews.

The Jews rechoned their months by the Maoon, and their
vears by the apparent revolution of the Sun : and they cat the
passover on the 14th day of the month of Nisan, which was the
first month of their year, reckoning from the first appearance of
the new moon, which at that time of the vear might be on the
evening of the day next after the change, if' the sky was clear.
So that their 14th day of the month answers to our 15th day
of the Moon, on which she is full.  (‘onsequently, the passover
was always kept on the day of full Moon.

And the full Moon at which it was kept, was that one which
happened next after the vernal equinox. For Josephus ex-
pressly says (Antiq. B. iii, ch. 10), ¢ The passover was kept
¢ on the 14th day of the month of Nisan, according to the
¢ Moon, when the Sun was in Aries’ And the Sun always
enters Aries at the instant of the vernal equinox ; which, in our
Saviour’s time, fell on the 22d day of March.

The dnspute among chronologers about the year of ('hmts
death, is limited to four or five years at most. But, as we have
shewn that he was crucified on the day of a pascal full moon,
and on a Friday, all that we have to do, in order to ascertain
the year of his death, is only to compute in which of those
years there was a passover full Moon on a Friday. For, the
full Moons anticipate eleven days every year (12 lunar months
being so much short of a solar year), and therefore, once in
cvery three years at least, the Jows were obliged to et their
passover a whole month fupwarder than it fell by the course of
the Moon, on the year next before, in order to keep it at the
full Moon next after the equinox ; therefore, there could not be’
two passovers on the same nominal day of the week, within the
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vompuss of a few neighbouring years.  And I find by calcu-
lation, the only passover full Moon that fell on a Friday, for
several years before or after the disputed year of the cruci-
fixion, was on the 3d day of April, in the 4746th year of the
Julian period, which was the 490th ycar after Ezra received
the ~pov e-mentioned commission from Artaxerxes Longimanus,
weording to Ptolemy’s ¢anon, aud the year in which the Me»-
siab was to be cut off, according to the prophecy, reckoning
from the going forth of that commission or commandment : and
this 490th yenr was the 33d yoar of our Saviour's age, reckon-
ing from the vulgar cra of his birth : but the 87th, reckoniug
from the true cra thereof.

And, whan we refleet on what the Jews told him, some time
before his death (John viii, 87), ¢ Thou art not yet fifty
¢ years old,™ we must eontess, that it should scem much likelier
to have been said to a person near forty, than to one but just
turned of thirty.  And we may easily suppose, that St. Luke
expressed himselt” only in round numbers, when he said that
Christ was baptized about the 30th year of his age, when he
began lus public ministry ; as our Saviour himselt' did, when
he sid he should lie three days and three nights in the
grave.

The $746th year of the Julian period, which we have astro-
nomicully proved to be the year of the crucifixion, was the 4th
year of the 202d Olympiad : in which year, Phlegon, a heathen
writer, tells us, there was the most e\trnm'dmarv eclipse of the
Sun that ever was scen.  But I find by calculation, that there
could,be no total eclipse of the Sun at Jerusalem, in a natural
way in that year. So that witat Phlegon here calls an eclipse
of the Sun, seems to have been the great darkness for three
hours at the time of our Saviour's crucifixion, as mentioned by
the evangelists: a darkness altogether supemaxural as the
Moon was then in the side of the heavens opposite to the Sun;
and therefore could nut possibly darken the Sun to any part of
the Earth.

896. As there are certain fixed points in the heavens from
which astronomers begin their computations, so there are certain
points of time from which historians bygin to rechon; and these
points, or roots of time, are called cras or epochs.’ \The most
remarkable eras are those of the creation, the Greek Olympiads,
the buildjng of Rome, the era of Nabonassar, the death of
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Alexander, the birth of Christ, the Arabian Hegira, and the
Persian Yesdegird : all which, together with several others of
less note, have their beginnings in the following table fixed to
the years of the Julian period, to the age of the world at those
times, and to the years before and after the year of (‘hrist
birth, -

A Table of remarkable Evas and Events*

Julian 1Y ot the Refore
perink. world, (bt

‘The creation of the Worlde.e...ccorentercireerniennenieveares| 106 0 1007

The deluge, or Noar™s flood....ueeeeureniiie suaieseenssanne W62 1656 2851
3. The Asayrian monarchy founded by Nuutod... ol 2-’):!7 W3l 2176
4. The birth of Abraham....cecveeverereaeeriensesssnernene 1 271 2008 1099
&. The destruction of Sodom and Gomorrah...... ver llllh LU0 1897
6. The begiming of the kingdum of’ Athens b, l'ﬂ.mp‘ 4167 2451 1056
7- Moses receives the ten commandments... v, 3222 2016 1491
8. 'The entrance of the Inraelites into Canastne.. oo , 3262 2006 140l
9. The Argonautic expeditioneese «ioveeesnrenirns . 30 2788 1263

3520 2023 1184
3660 2044 1063
3701 9995 jol2
3820 3103 8B
S848 ' M132 87

10. The destruction of "I'roy....
11. The beganning of King Dand's
12. The foundation of Solomon’s tem|
13. Lycurgns forms his excellent laws..
14. Arbaces, the first king olthelled
15. Mandaucus, the second.... e 3063 | 31O iU
16. Sosarmus, the third... eresesisnn e Sfl0 3200 7HU
17. The bq;mnmgoﬂhe Ulympudu. cesensisans cesnernaeniees SHB8 | B208 770

18. Artica, the fourth king of the Medes.ovvrssvereer careenn L3045 3249 768
19. The Catonian epocha of the building of Rene.......... .. 30613255 762
20. The era of Nabonassat.......ccecsssersroreecssrsarsvarencens Y67 J261 746
21. The destruction of Samana by Sl!mausar........' ..... .. d992 3286 72

22, The first eclipse of the mnoon on reeaTdu..cecerereeaeren. J993 + $287 720
23. Candicen, the fifth king of the Medes....cu.ourrranensaee.. 3096+ J200 717

24. Phraortes, the sixthe...coceneecneasiaes yoesnnanme e 4058 3352 655
25. Cyaxares, the seventh........ e teresrenestseresecsneenarnar 4080 ! | J374 68y
20. The first Babylonish captivity by Nebuchadnezzar...... 4107 | 3601 606

27. ‘The long war mled between the Medes and I ydsm 4111 ' 3400 603
‘m. The second Babylonish ﬂpnmy. and birth of Cyrws... 4114 | 3408 509
29. The destruction of Solamon's temple......cceeeeeeant ' 4125 | 3419 | 008

30 Nebuchaduezzar struck with miadiness...e.reecoenns ' 4144 | 438 | 56H
31. Danicl's vision of the fonr monarchies............ ' 4:;{; ::;otl! :g:’;
32, Cyrus begins to reign in the Persian empire........ 4 5

33. Thehwhol‘ Marathon.... rssnsnasrerseans 4223 | 4517-] 490

34. Artaxerxes Longinianvs bq.mu to reign ceresareesen 4240 | 3543 | 464
3. The beginning of Daniel’s 70 weeks of ym.. - 4236 | 3550 | 487
368. The beginning of the Pdoponnemn Walersnenses one 4282 | 3576 | 431
37. Alexander's victury at Arbela.....ccoen.e . 4383 | 8677 | 3390

38. Hisdeath.......ccccvvueeremnnancnnnes . 4390 | 3604 | 323
39. The captivity of 100,000 Jews b ng Ptokmy 4393 | 3687 | 320
40. The Colossus of Rthades thrown down by an nnhqunke. 4401 | 8870 | 222
41. Antivchus defeated by Prolemy Philopater.... 4496 | 3790 | 217
43, The famous Archimedes mu at Syracuse 4506 | 3800 | 207
43. Jason butchers the inhabitants of J sescesens 4543 | 3837 |7Q
44. Corinth plundered and bumt by Consul Mummius. 4567 | 3861 | 146

® A very copious Chronological Table, down to 1818, and containing many to-
pics not before introduced into tables of that kind, will be found in the Epixnuney
ExXCYCLOPADIA, Art, CiroNOI 06Y, Yol vy P. 417=dbl.mEd.
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Jullan  Y.otih Bofone
prgnl  wordl. Chart

fo. Julus Cosemvades Brtamee, .. ., . ... 4GAY 395 o
16, e corrects the cnh-nd.u.......................... veee e ae MTT B 16
17. 1« halled 10 the senate-bou c.. PO {7 | B 1% 42
4. Herod made ki ot Judea..... vesenens sanneee 4673 HNGT 40
19. Avthony defoated at the bat  of Aumm ................ 4603 3977 30,
A Agnppulanlds the Panthoon at Rone. . .. .........! 4688 3932 20

Ol.wl he true en o Chanst™s birth., 1700 4003 4
320 T et of Hernd, 1710 $004 “ 4
-

tha

. The Dionysian, or valgar era of Chests biethe,.o...] 718 1007
obe The truc year of has ctuctingne.., ..... l 1746 §010 ad
|

%% The destruction of Jausalam.. ... RRURRURNLEE b XT3 S 7} "
56, Adnan butlds the Tone w 21 10 Brivatno,. cee] B8 AR27 120
a7 Comstantis def s the Praots i Butam,.. [ROPURR IY11 Y & B HY 1 B 11
M Thycmaeral o Nuee . . e, IR RN ITTRRE K & I X5}
", The death of Constunting the CGreat .. 0l 1344 37
L0, "Il Savons iatad weo Bntam... Coalal 462 1D
GLThe Arabran Hegnaae e, W G 4629 G2
62, The death of Malmnmed, the pnumkd pmphct v 0343 1637 G0

63 The Paruun Yesdegind... ... ctesenesearen a4l 1638 G3)
i1, 'The Sun, Moon, and ull the plancts n l,lbm, 5 pl- ll.l
2y sl from the Larthe. cecvceeiveeneieierennsnecnenns 3399 5193 1186

The art of printung O Y 1Tt I 1Yt R T
M\ "The rcformation bgun by Marttn Luthir.o oo 6230 3524 1517

In fixing the year of the ereation to the T0Gth Ase of the
vear of the Julan period, which was the 4007th  world un-
year before the year of Christs birth, 1 have fol- ™
lowed Mr. Bedford in his Scripture Chronology, printed a. p.
1750, and Mr. Kennedy, in a work of the same hind, printed
A. D. 1762.—Mr. Bedford tahes it only for granted that the
world was created at the time of the autumnal equinox ; but
Mr. Kennedy affirms, that the said equinox was at the noon
of the fourth dn_) of the creation-wech, and that the Moon was
then 3 hours past her opposition 1o the Sun.—1f Moses had
told us the same things, we should have had sufficient data for
fixing the era of the ercation; but, as he has been silent on
these points, we must consider the best accounts of chronolo-
gers as cutirely hypothetical and uncertain,

VoL, 1.
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Tahle 1. Shewing the Golden Number (which is the same both in
the Old and New Style) from the Christian Era to a. v. 3800.

Years less than an hundred.
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Table 11. Shewing the Number of Direction for finding Easter Sun-
day by the Golden Number and Dominical Lelter.
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I'lus Table 1s adspted to the New Style. N
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Table IIl. Shewing the Dominical Letler, Old Style, for 4200
"ears before the Christian Fra.
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Talble 1T,

TABLE OF THE DOMINICAL LFTTI.R.

CH. XXIL

Shewing the Dominical Letter, Ol Style. for 4200
Years after the Christian Ea.
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Table V. The Dominical Letter, New Style, for 4000 Years after
the Christian Era.

After Chnst. Hundreds of Years.

100 200 300 400
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. 900 | 1000 | 1100 | 1200
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Table I'l.  Sherwing the Days of the Months for both Styles, by the

Dominical Letter.
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INDEX
TO TIE FIRST VOLUMI.
e

The figures refor to the Articles.

A

A crirnatron of the stars, 221, OF the Moon, 163, note.
Ansley what, 183, nnte,
{nn sal parallza of the stars, 196,

«dnomaly. what, 23°),

adncieat , their supesstitous notions of eclipses, 3.9. “Lheir method of dividing th
whae, 361,

Antspnles, what, 122,

{padi s line of, 2388,

ARCuivrpy s, his uledd probiem for moving the Liarth, 159,

dreas deseribed by the pranets, proportional to the tunes, 153,

<Istramamy, the great advantazes arsing from it both in our rcligious and cigad con
cerns, Lo Dwscovers the laws by which the planets move, and are retamned i their
orints, 2.

Atar phese, the ugher the thinner, 174, Its prodigious expansion, dbed.  Its whole
ve cht on the Larth, 175, Generally thought to be peaviest when 1t is hightest,
176, Without 1t the heavens would appear dark in the day-tume, 177.  Is the
canee of twibight, sbul.  Its heaght, dhed. Refiacts the Sun’s 1ays, 178.  Causes
the Nun and Moon to appear above the honzon when they are really below 1t, ibid
Foggy. deeanes us an the bulk and distance of objects, 183,

Attractiom, 101-105.  Duecreases, as the square of the distance increases, 106.
Greater in the larger than in the smaller planet$ 158.  Greater in the Sun, than
m allsthe plinces af put wgether, ibid.

Ay of the plancts, whaty 19. Thar different positions with respect to one an.
other, 120.

Aus of the Earth, it parallcham, 202,  Its position variable as seen from the Sun
or Moon, 338.  'The phenomena thence amasing, 340.

B

Bolitv, on the Llarth, losc of their weight the nearer they are to the equator, 117.
How they might lose all their weight, 118. How they become visible, 167,

C

C'alendar, how ta inscribe the golden numibers right in it, for shewing the days of aew

moons, $8G.
Cunnon-ball, its swiftness, 8. In what times it would fly from the Sun to the

different plancts and fixed stars, dbid. Lo
CAsbINT, lits account of a double star ecpsed by the Mdon, 58, His diagrams of

the paths uf the planets, 138.



844 INDEX.

Catalogue of the ecli 327. Of the constellations and atars, 362 Of -

able eras and m':,uiw. ! = Of zemark

Celestial globe impm}d, 401,

Centripetal and centrifugal forces, how they alternately overcome cach other i
motions of the plasets, 162154, y ¢ in the

C'r103, a new planct lately discovered, 67, nefe.

Changes in the Heavens, 366. .

Circles, of perpetual apparition and occultation, 128.  Of the sphcre, 198. Contain
360 degrees, whether they be great or small, 207. -

Civil Year, what, 374. o

Corumnus, (CurisTOPRER) his story cancerning an eclipse, 330,

Clocks and Watches, an eay method of knowing whether they go true or falne, 223
Why they seldom agree with the Sun if they go true, 226-215. low to regulate
themn by equation tables, and a meridian line, 225-226.

Cloudy Stars, 365.

Conatellutions, ancient, their number, 350. The nutmber of stars i cah, acconling
to ditferent astronomers, 362.

Cycele, solar, lunar, and Konush, 383.

Darkaces at our Saviour’s crucifixion supernatural, 393,
Duy, natural and artificial, what, 380.—And Nighkt, always cqually long at the
:‘,‘;?w' 12G. Natural, not completed in an absolute tnn of the Yarth on s
2022,
Iiegree, what. 207,
Ingit, what, 336, ante.
Direction, number of, 389,
Distances of the plancts from the Sun, ap ides of them, 89. A wble of them. 418,
{’l::: found, 190 ; and 1n the dissertauon on the transit of Venus, Chap. xau,
{8
Diurral und anxual motions of the Earthk illustrated, 200, 202.
Dominical Liter, 390.
Double projectile force, a balance to a Quadreple power of Gravity, 153.
Double Star covered by the Moon, 56, o Crovity,

E

Earth, its bulk but a point as scen from the Sun, 3. Its diameter, annual period,
and distance from the Sun, 47. ‘Lumns round its axis, ivde  Veloaty of s
eyuatoreal parts, ibid.  Velocity in 1> annual orbit, ilid. Inchination of its axre,
48. Proof of its being globular, or” nearly so, 40-311. Measurement of ity
eurface, 50. Iiffcrence between its equatoreal and polar diameters, 76.  1ts mo-
tion round the Sun demonstratedt py gravity, 108, 111 ; by Dr. Brudlcy's olwer-
vations, 113; by the cclipses of Jupiter's satellites, 219,  Its diurnal motion high-

- ly probable, from the absutdity that must follow upon supposing it not te:mone,
111-122, and demonstrable trom its figure, 116 ; this motion cannot be felt, 119
Objections against its motion answered, 112-121. It has no such thing as 2
upper or an under side, 122. In what case it might, 123. The swiftness of its
motion in its orbit compared with the velocity of light, 197.  1ts djurnal and an-
nual motions illustrated by an easy experiment, 200. Froved to be less thun the
Sun, and bigger than the Moon, 315.

Eader Cycle, 388. ,

Eccentrecity of the planets, 155, nate.

Eclipves of Jupiter’s satellites, how the longitude is found by them, 212 ; they de-
monntrate the velocity of light, 216.  Of the Sun and Moon, 312-330. Why
they happen not in every month, 316.  When they must happen, 317. Ther
himits, ebed.  “U'heir period 320. A disseptation on their progiess, ibd. A lurge
catalogue ot them, 327. Histotual ones, 328. Morc of the Sun than of the

4Moon, atd why, 331, ° The propur elemeunts for their calculation and projection,
0%, ’
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Frcliptic, igs signs, their names and charscters, 91. Makes different angles with the
horizon every hour and minute, 275 ; how these angles may be estumated by the
position of the Vnon's horns, 2G0.  Its obliguity to the equator less now than 1t
was formerly, 368.

F.longations, of the planets, as seen by an observer at rest on the outside of all therr
orbits, 133. Of Mercury and Venus, as seen from the Earth illustrated, 142 ;
1ts quantity, 143. Of Mereury, Venus, the Larth, Mary, and Jupter; ther
quantities, as acen from Saturn, 147.

_ ation of tume, 224-245.

Lyuatm, day ind mght alwsys equal there, 126. Mlakes always the same angle
with the horizon of the same place ; the echipuc not, 274, 275.

Fqunoctial Points, 1n the heavens, their precession, 246 3 & very different thing from
the reuxsion or antiapation of the equinoxes on Earth, the onc not occasioned by
the other, 219,  Lras or epachs, 396,

Funtrecsues of the planets® orbits, 135.

F

{ allacwes 10 Judgang of the bulk of objects by their apparent distance, 185 ; applied
to the wsplanition of the honizontal Moon, 187.

Tust Mondwn, what, 207,

4 raed Ntary, why they appxar of s magnitude when vicwed through a tclescope than
by the bare (3¢, 334, "Char number, 353,  Thaur division into different classes
and constellations, 358, 3569.

G

Cunerdl Phenomenn of a superior planct, as seen from an inferior, 149.

Gengrum Sedun, a new planet latcly discovered, 84, note.

Gruzitation, untvimal, proved by the attraction of mountains, and by the experi.
mnts of U nondinhy 103, note.

Giaaaty, dunonsteable, 101-104.  Kecps all bodies on the Earth to ats surface, or
rings thum buch when thiown upward ; and constitutes therr weight, 101-122.
Retuns ol the plancts in thar orbits, 103, Decreasces as the square of the dis-
tance macases, 1060 Proves the Larth’s annual moton, 108. monstrated to
be griater in the largee planets than m the smaller ; and stronger in the Sun than
mn all the plancts together, 158. 1ard to understand what 1t 15, 160. Acts every
moment, 162,

(nrcat Year, 231

n

HHuarmony of the cdlestial motions, 111.

Harvout=-Moon, 273-293, None at the equator, 273. Remarhable at the polar
urdes, 285 In what years most and least advantageous, 292,

Howr, ducraases as the square of the distance from the Sun increases, 169,  Why
not n¢itest wlen thc“l arth 19 nuarcst the dun, 205.  Why greater about three
o'dock 1n the afternoon, than when the Sun 1s on the meridrin, 300,

Hcagny, scems to turn round with difierent velocities an seun from the diffiurent
plancts ; and on dificrent axes as seen from most of them, 120, Only one hemis-
pherc of them scen at once from any one planet’s surface, 125. 'The Hun's centie
the only pomnt from which thewr truc motions could be seen, 135.  Changes
them, 366,

Hoizon, what, 123, nofe.

Horr.omtal Moor (xplamned, 187,

IHori.ontal Parallaa, of the Moon, 190 ; of the Sun, 191; best observed at the
equator, 193.

Flovr (ereles, what, 2018,

Hour of une equal to 15 degrees of wotion, ebid.  Mow divided by the Jews, Chal-
deans, ang Arabuaus, 382,



346 INDEX.
HuvcExys, his thoughts conceming the distance of somne stars, §.

I

Inclination of Venus’s axis, 20. Of the Farth's, 48. Of the axis or orbit of a
planet only relative, 201.

Inkabitants of the Earth, or any other planct, stand on apposite sides with thar fect
toward onc another, yet each thinks himsclf on the Upper side, 1222 .

Irregularitice of the planetary system periodical, 163, note. ’

[ ]

d

Julian Period, 393.

Juno, 8 new planet latcly discovered, 67, nate,

Jupiter, its distance, diameter, diumal and annual revolutions, 67-69. The pheno-
mena of its belts, 70.  ¥las no difference of scasons, 71.  Has foar Moons, 72 ;
therr grand period, 735 the angles which thur orbits subtend, as seen from the
Yarth, 74.  Most of them arc cchpsed in every revoluton, 75, The great daf-
ference between his equatorial and polar diameters, 76. ‘The inchnaton of luy
orbit, and place of his ascending node, 77.  “I'hie Sun’s light 3000 tnues as strong
on it as tull moon light is on the Farth, 83. Is probably wnhabited, 86. ‘T'he
amazing strength required to put it in motion, 158.  "The figures of the paths des.
cribed by its satcllites, 269,

L

Light, the inconccivable smallness of its particles, 16 ; and the great mischief they
would do if they were larger, 16i6. Its surprnising velocity, 166 ; compared with
the swifiness of the Earth’s annual motion, 197. IDecreases as the square of the
distance from the luminous body increases, 164. Is refructed in pussing through
difterent mediams, 171-173.  Affordsa proof of the Larth’s annual motion, 197-
219. In what time it comes from the Sun to the Farth, 216; this explaned by
a figure, 217.

Lémita of eclipses, 317.

Line, of the nodes, what, 317 ; has a retrograde motion, 319. Of sines and’ chonls,
how to make, 369.

Loxg, (Rev. Dr.) his method of comparing the quantity of the surface of dry land
with that of the sea, 51. s glass sphere, 126.

Longitude, how found, 207-213.

LoNGOMANTAN! 8, his system of the world, 97, notc.

Lucid Spots in the heavens, 364.

Lunar Cycle defiaent, 385,
M
Magellanic Clouds, 365.
Man, of a middle size, how much pressed by the weight of the atmosphere, 175 ;
why this pressure is not felt, ihd.
Mars, its diameter, period, distance, and other phenomena, 64-07.
Matter, its properties, 99.

Mecan Ammaéy. what, 239. + A o the sl of th
Mercury, i diameter, period, distsnce, &c. 22. Appears in c shapes of the
Moon, 23.  When it will be soen on the Sun, 24, and aste.  The indination of

its orbit, and place of its ascending node, ibrd, Ita path delineated, 138. Exe
periment to shew its phases, and apparent motion, 142,

MMercury (qui;lulllvcr) in the barvmeter, why not affected by the )oon’s raising tides
in the air, 311.

Mevidian, first, 207. Line, how to draw ane, 236. ,

Milky Way, what, 363.
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Months, Jewish, Arahian, Egyptian, and Greeian, 378,

Moon, her dianucter and period, 52.  Her phases, 53255, Shines not by her own
light, 54.  Has no difference of seasonis, 53. ‘T'he Parth is a moon to her, 66.
Haq a twilight, and consequently an atmosphere, according to Schroeter, 58, note,
225, note.  ‘I'he durk parts of her surface not seas, oif), note. Has no atmosphere
of any siible density, 58 nor seas, 59. How her nhabitants may be supposed
to measure their year, 62. Her light compared with daylight, 85, "The ecientricity
of her orbat, H8. Is nearer the Earth now than she was formerly, 163. Appears

"=m.ngger on the horizon than at any considcrable height ahove it, and why, 187;
jetdis seen much under the same angle mn both cases, 188.  Her surface moun-
tamous, 252 3 if smooth, shg could gave us no hght, ibid. Ieight of xome of the
lunar mountans, 252, note.  Why no hills appear round her cdge, 253. Has
no twilight, 254. Appears not always quite round when full, 256. Her phases
agreeably represented by a globular stone viewed in sunshine when she is above the
horizon, and the observer placed as if he saw her ‘on the top of the stone, 258.
‘I'urns round her axis, 262. 'The length of her solar and sydereal day, thed. Her
periodical and synodical revolution represented by the motions of the hour and mi-
nute hands of a watch, 204. 1er path delincated, and shewn to be always concave
to the Sun, 265.268, .Her moton alterately retarded and accclerated, 267.
Her gravity towards the Sun greater than towards the t.arth at her conjunetion,
und why she docs not then abandon the Farth on that account, 268. Rises nearer
the tune of sun-sct when about the full in the harvest for a whole week, than
when she 14 about the full at any other time of the year, and why, 273-284 ; this
nsine goes through & course of increaung and decreasing benetit to the farmers
every 19 yars, 292, Continues above the horizon of the noles for 14 of our na-
twial Jays together, 2493, Proved to be globular, 314 ; and to be less than the
Llarth, 315, Hor nodes, 317 5 ascending and descending, 3185 their retrog mde
motion, 319,  Her accelerution proved from ancient echipses, 322, note. Her
apogee and pengee, 336, Not imisble when she is totally eclipsed, and why,
346, and note.  1ow to caleulate her conjunctions, oppomitions, and eclipses, 353,

Morning and Evening Star, what, 145.

Monon, nuturally rectilineal, 100.  Apparent, of the planets as secn by a spectator
at rest on the outsde of all their orbits, 133 ; and of the heavens us scen from any
planct, 154,

Mountains, attraction of, 103, note,

N

Natural Day, not completed 1n the time that the Farth turns round 1its axis, 222,
‘ew and Full Moon, to calculate the times of, 353.

New Nrars, 366 ; cannot be comets, 367,

Naw yyle, its origanal, 377.

Nodes of the planets, orbits, their places in the ccliptic, 20. Of the Moon’s erbit,
317 ; therr retrograde motion, 319,

Nonagesimal Degree, what, 200,

Number of Iirection, 389,

(¢ .

Ohjcetv, we often mistake their bulk by mistaking their distance, 185. A ppeat big-
ger when scen through a fog than through clear air, and why, #bid ; this apphod to
the eaplanation of the horizontal Moon, 187.

Obligue Sphere, what, 131,

Olympiads, what, 323, note.

Urbita of the plancts not solid, 21.

"Pallas, a new planct late]y discovered, 67, nelc.
Parallax, Yorizontal, what, 190.
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FParallel Sphere, what, 131.

Path of the Moon, 265-267. Of Jupiter’s Moons, 269,

Penctrating power of tlescopes, 170, note.

Pendulums, their vibrating slower at the equator than near the poles, proves that the
Farth turns on its axiy, 117.

Penumbra, what, 336, Its velocity on she Farth in solar eclipses, 337.

Period of Eclipses, 320-3:26.

Phases of the Moon, 230,

Planets, much of the sume nature with the Farth, 11.  Some have maons belongi:
to them, 12.  Move all the sane way as seen from the Sun, but not as see. from
one another, 18. Their moons denote them to Le inhabited, 86. The propor-
tional breadth of the Sun’s disc, as seen from each of them, #7. Their propor-
tional bulks as seen from the Sun, 88. An idea of their distances from the Sun,
89.  Appear bigger and less by turns, and why, 90. How to distinguish thun
by their coloar, thid. note, ‘Are kept in their orbits by the power of gravity, 101,
150-158. Their motions very irregular, as scen from the Farth, 137 ‘The ap-
parent motions of Mercury aud Venus delineated by pencils in an orrery, 138.
Eloogations of all the rest, as scen from Saturn, 147.  Describe equal areas in
equul tuncs, 133, The cecentnicitaes of therr orbits, 153. In what times they
would fall to the Sun by the power of gravity, 157.  Disturb onc another’s mo-
tions, the consequence thereof, 163.  Appear dimmer when seen through telen.
crpes than by the bare eye, the reason of this, 170.

Polar Circhas. 198.

Poles, of the plancts, what, 19, Of the world, what, 122,  Celestial. soem to keep
in the same points of the heavens all the year. and why, 196.

Projectile Force, 1505 if doubled, would require o quadruple power of gravity ta
retain the planets in their orbits, 153.  Is evidently un impulse from the hand of
the Alnughty, 161.

Precession of the Equinaxes, 2:6-251.

Ptolemean system absurd, 96-140.

R

Rays of Light, when not disturbed, move in straight lines, and hinder not one an.
other's motions, 168. Are refmeted in passing through different mediums, 171,

Ié: flection of the Armosphire, causes the twalight, 157.

Rcfraction of the .4tmosphere bends the ruys of ight from straight hines, and kecps
the Sun and Moun longer in mght than they would otherwase be, 178. A sur-
prisng instance of this, 183. MMust be allowed for 1 tsking the altitudes of the
celestial bodies, itid.

Retina, 167, note.

Right Sphere, 131.

]

Satellites, the times of their revolutions round their primary plancts, 52, 73, 0.
T'heir orlnts compared with cach other, with the orbits of the primary plancts,
and with the Sun's arcunifcrence, 271, What sort of curves they descnibe, 272,

Saturn, with Ins ring and moons, their phenomena, 78, 79, 82. 'The Sun% light
1000 times as strong to Naturn as the light of the full Moon is to us, 85. The
phenomena of tus ring farther eaplained, 204,

Our blessed Savievn, the darkness at his crucifixion supernatural, 362. 'l'he pro-
phetic year of his crucifision found to agree with an ustronomical calculation, 390.

Scanons, mtizmm by au easy experiment, 200 ; by a figure, 202.

Shadyw, what, .

&ydercal Time, what, 221 ; the number of sydercal days ‘:haoru excceds the num-
ber of solar days by one, and why, 222, An easy m for regulating clocks
and watches by it, 223, : X

Ssrru, (Bev. Dr.) his comparison between moon.light and day-fight, 85.  His
demonstration that light decreases as the square of the distance from the luminous
body increascs, 169, .
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Swirra, (Mr. (Grorar), his dissertation on the progress of a solar eclipse 3 follow.
g the tables ae 320,

Solar Astranomer, the judgment he might be supposed to make concerning the pla-
nets ond siars, L35, 136, '

Npherey parallel, ue, and right, 131.  Its circles, 198,

Spiing and Neap Tilles, 302

Stars, their vast distance from the Lawth, 3, 196,  Prohably net all at the same
distance, 4. S'unc by their own hght, an are thercfore suns, 75 probavly to
other worldsp §.  'That the stars are not dluminated by our Sun proved by the
difftrence between therr light and that of the planet, 111, note. A proof that they
do not move round the Earth, ibid. Have an apparent slow motion round the
poles of the echptic, and why, 231. A catalogue of them, 362. Cloudy, 365.
New, 6. dome of them change their places, 367.

Starry Hearens have the same appearance from any part of the solar system, 132,

SvN, appears bigget than the stars, and why, 4. ‘T'urns round his axis, 18,  Iis
proportional breadth as seen from the different planets, 87. Descrthes unequal
arcs above and below the horlzon at different times, and why, 130. 1lis centre
the only place from which the true motions of' the planets could be sun, 135,
I+ for half a year together visible at cach pole in its turn, and as Jongr wvisble,
200, 294, I8 nearer the Karth mn winter than in summer, 205. Why his me.
fin agrees so sweldom with the otion of a well-regulated clock, 224-245. Would
niore than fill the Moon®s ortat. 271.  Sun, proved to be much igger than the
Larth, and the Farth to be bigger than the Moon, 315.

Systems, the Solar, 17-85 ; the Ptolemcean, 96 5 the T'ychonic, 97 5 the system of
Longomantanus, 97, note.

Table of the periods, revolutions, magnitndes, distances, &«. of the planets, facing
§ 99, Of the air's ranty, compression, and expansion, at difterent hexghts, 174.
Of refracions, 182, 1'or converurg time into motion, and the reverse, 220,
T'or shewing how much of' the celestial cyuator passes over the mendian 1n any
part of a mean solar day ; and how much the stars accelerate upon the mean solar
tume for a month, 221, OF the first purt of the equation of tune, 220 ; of the
second part, 241, Of the precession of equinoxes, 247.  Of the length of sy-
dacal, Julan, and uopical years, 251, Of the Sun’s place and anomaly ; of
the equation of nutural days ; of the equation of ume—following 261. Of the
conjunctions of the hour and minute hand of a watch, 264. Of the curves de-
scribed by the satellites, 272, Of the difference of time in the Moon’s rising and
setting on the parallel of l.ondon every day during her course round the echptic,
277.  Of the returns of a solar cclipse, 320,  Of cclipses, 327.  For calculating
new,and full moons und eclipses following, 353. Of the constellations and num-
ber of the stars, 362,  Of the Jewish, ligyptian, Arabic, and Grecian months,
379. For inscrting the golden numbers right in the calendar, 38G. Of the
times of all the ncw moons for 76 years, 387. Of remarhable eras or cvents,
396, Of the golden number, number of dircction, downinival letter, aud days of
the months, following 396.

THALES's eclipse, 323.

I'mveynines’s celipse, 324,

Tides, their cause and phenomena, 205-311. Reason why there are none in lakes
and small sess, 310, note. Adétrial, probability of, 311, norc.

Tyopics, 198.
Twilight, none in the Moon, 254.

Tiyckonic System absuxd, 97.
U

Universe, the work of Almighty Power, 5, 161.
{’p und down, only relative terms, 122.
U’ppor or under side of the Earth, no such thing, 123

Uranue. 8ge Georgium Sidus
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v

Velocity, projectile, necessary to mnke the planets describe a olipsis, a parabols,
and a hyperhola, 132, wote. it

Pelocity of Laght compared with the velocity of the Farth in its annual orbit, 197.

Fewux, her bulk, dutance, pertod, length of davs and nights, 26 Shines not by
her own light, thd. Times of her diurnal niotion accordu i weCassn, By
chini, and Schrocter, ibd, note. I« our marning and cve ing star, 28, Her twie
Tight discovered by Schrocter, 28, rotr. Her aws, how mtuated, 0. Ha sure
prsing na, 29-43. The inchnation of her orbat, 4. When she will be
seen on the Sun, wid.  Hlow 1t may probably be soon known if she has o satcllite,
46. Her satellite, an optical deception, 46, note. Great alutude of her moun-
tans, ¢hid. wote.  Appears 1n all the shapes of the Moon, 23, 141.  An evpen.
ment to shew her phases and apparent motion, 141.

Vestz, a new planct lately duwcovered, 67, aote.

Fision, how caused, 167,

w

Areqgher, not hottest when the Sun is ncarest to us, and why, 205
Weight, the cause of 1t, 122. -
World, not eternal, 16G4. Y

Year, 370; great, 231 ; tropical, 371 ; sydercal, 372 ; lunar, 373 civil, 371¢
biseextile, 3id. ; Roman, 376 : Jewish, Ligypuan, Arabic, and Groan, 378,
379 ; how long 1t would be 1f the Sun moved round the Earth, 111,

Z

Zudiac, what, 360. 1low dinaded by the ancients, 361.
Z-a,’whu, 199.

.
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