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SSOCIATION, the act of associating, or consti-

tuting a society, or partoership, in order to carry

on some scheme or affair with more advantage.—The

word is Latio, associatio ; and compounded of ad, to,
and socio, to join.

Assocration of Ideas, is where two or more ideas
constantly and immediately follow or succeed one anmo-
ther in the mind, so that one shall almost infallibly pro-
duce the other, whether there be any natural relation
between them or not. See METAPHYSICS,

Where there is a real affinity or connexion in ideas,
it is the excellency of the mind, to be able to collect,
compare, and range them in order, in its inquiries : but
where there is none, nor any cause to be assigned for
their accompanying each other, but what is owing to
mere accident or babit, this unnatural association be-
comes a great imperfection, and is, generally speaking,
a main cause of error, or wrong deductions in reasoning.
Thus the idea of goblins and sprights, it has been
observed, has really no more affinity with darkness than
with light ; and yet let a foolish maid inculcate these
ideas often on the mind of a child, and raise them there
together, it is possible he shall never be able to separate
them again so long as he lives, but darkness shall ever
bring with it those frightful ideas. With regard to
this instance, however, it must at the same time be ob-
served, that the connection alluded to appears far from
being either unnatural or absurd. See the article Ar-
PARITION.

Such wrong combinations of ideas, Mr Locke shows,
are a great cause of the irreconcileable opposition be-
tween the different sects of philosophy and religion : for
we cannot imagine, that all who hold tenets different
from, and sometimes even contradictory to, one ano-
ther, should wilfully and knowingly impose upon them-
~ selves, and refuse truth offered by plain reasom: but
some loose and independent ideas are, by education,
custom, and the constant din of their party, so coupled
in their minds, that they always appear there together :
these they can no more separate in their thoughts,
than if they were but one idea, and they operate as if
they were so. This gives sense to jargon, demonstra-
tion to absurdities, consistency to nonsense, and is the
foundation of the greatest, and almost of all the errors
in the world.

Association forms a principal part of Dr Hartley’s
mechanical theory of the mind. He distinguishes it
into synchronous and successive; and ascribes our simple
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and complex ideas to the influence of this principle Amociation.

or habit. Particular sensations result from -previous
vibrations conveyed throogh the nerves to the medul-
lary substance of the brain; and these are so intimate-
ly associated together, that any one of them, when im-
pressed alone, shall be able to excite in the mind the
ideas of all the rest. Thus we derive the ideas of natural
bodies from the association of the several sensible qua-
lities with the names that express them, and with each
other. The sight of part of a large building suggests
the idea of the rest instantaneously, by a synchronous
association of the parts ; and the sound of the words,
which begin a familiar sentence, brings to remembrance
the remaining parts, in order, by successive association.
Dr Hartley maintains, that simple ideas run into com-
plex ones by association ; and apprehends, that by pur-
suing and perfecting this doctrine, we may some time
or other be enabled to analyze those complex ideas, that
are commonly called the sdeas of reflection, or sntek
lectual tdeas, into their several component parts, i. e.
into the simple ideas of sensation of which they consist;
and that this doctrine may be of considerable use in the
art of logic, and in explaining the various phenomena
of the human mind.

Assocratron of Parliament. Ia the reign of King
‘William III. the parliament entered into a solemn as-
sociation to defend his Majesty’s person and government
against all plots and conspiracies; and all persons bear-
ing offices civil or military, were e;%oined to subscribe
the association to stand by King William, on pain of
forfeitures and penalties, &c. by stat. 7 and 8 W. 1IL
c. 27.

AZ.vocurmn, African. This is an institotion which
was formed in the year 1788, for the purpose of pro-
moting discoveries in the interior parts of Africa. Out
of the number of the members, of which this society
consists, five are elected for the amnagement of its funds
and correspondence, and for the appointment of persons
to whom the missions are assigned. Mr.Ledyard was
the first who was sent out, for accomplishing the object
of the society. He undertook the adventurous task,
of traversing from east to west, the widest part of the
African continent, in the latitude which was ascribed
to the Niger ; and with this view he arrived at Cairo
in August 1788. But before his projected journey
commenced, he died, and the hopes that were enter-
tained of this enterprising and persevering traveller
were disappointed. Mr Lucas was next chosen by the
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Association committee. In October 1788, he embarked for Tri- answer each other in a kind of assomant rhyme, ha- A scpamn,

., b poli; and he was instructed to proceed over the desert ving each an ¢ in the penult syllable, and an a in the Assum psit.

Asoraot. of Zaara to Fezzan, to collect all the information that last. : . N ——
: could be obtained, respecting the interior of the Afri- ASSUAN See SYENE.

can continent, and to transmit it by way of Tripoli.
He was then to return by way of Gambia, or the coast of
Guinea. But his peregrinations terminated at Mesurata,
T'he difliculties and dangers which presented themselves
deterred him from proceeding farther. He transmitted
to the society ofly the result of his conferences with
the traders to Fezzan, with whom be was travelling;
and soon after returned to England.

The society still persevered in its object, and in the
year 1790, appointed Major Houghton, with iunstruc-
tions tn sail for the mouth of the Gambia, and to tra-
verse the country from west to east. He arrived on
the coast in November the same year, immediately
commenced his journey, ascended the river Gambia to
Medina, 9oo miles distant from his mouth, and thence
proceeded to Bambouk, and to the adjoining kingdom
of Kasson, where, in September the year following, he
unfortunately terminated his travels with his life, near
to the town of Jarra. "

Mr Park was engaged by the society in the same
service in 179§, and pursuing the roate of Major
Houghton, more successfully explored the banks of the
Niger, to Sego and to Silla, the first of that great line
of populous cities which divide the southern from the
northern deserts of Africa. The information which
Mr Park collected, during his adventurous journey, was
communicated to the eociety in 1798. In a second
journey, commenced in 1805, this enterprising traveller
perished, after having reached the Niger; but the cir-
cumstances of his death have not been ascertained with
perfect certainty.

Mr Horneman, who had offered himself to the
committee in 1796, departed from London in July
1797, and proceeding by Cairo, commenced his journey
westward with the caravan, in September 1798. In
November following, he arrived at Mourzouk in Fez-
zan, from which his last despatches to the society were
transmitted by way of Tripoli, but no accounts of his
death ever teached the society. .

John L. Burckhardt, the son of a citizen of Basle in
Switzerland, was engaged by the society in 1808.
After some preparatory steps, he set out in March
1809. He remained two years and a half at Aleppo;
thence he went to Egypt. Unfortunately no caravan
set out for the interior of Africa for a series of years.
He was thus disappointed in his leading object ; but he
made two journeys up the Nile, and visited Mecca,
Medina, and Mount Sinai. Diseases brought on by
fatigue and the climate, at length put a period to his
life in September 1817. See AFRICA, SUPPLEMENT.

ASSOILZIE, in Law, to absolve or free.

ASBONANCE, in Réketoric and Poctry, a term
used where the words of a' phrase or a verse have the
same sound, or termination, and yet make no proper
rhyme. These are usually accounteg vicious in English;
though the Romans sometimes used them with elegan-
v ; as, Militem comparavit, exercitum ordrinavit, aciem
lustravit.

ASSONANT RHYMES, is a term partieularly ap-
plied to a kind of verses common ameng the Spaniards,
where a resemblance of sound serves instead of a natu-
zal thyme. Thus ligera, cubieria, tierra, meis, may
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ASSUMPS.IT y in the Law of England, a voluntary
or verbal promise, whereby a person assumes, or takes
upon him to perform or pay any thing to another.

A promise is in the nature of a verbal convenant, and
wants nothing but the solemnity of writing and sealing
to make it absolutely the same. If therefore it be to
do any explicit act, it is an express contract, as much
as any covenant ; and the breach of it is an equal in-
jury. The remedy indeed is not exactly the same :
since, instead of an action of covenant, there only lics
an action upon the case, for what is called an assump-
sit or undertaking of the defendant ; the failure of per-
forming which is the wrong or injury done to the
plaintill, .the damages whereof a jury are to estimate
and settle. As, if a builder promises, undertakes,
or assumes to Caius, that he will build and cover his
house within a time limited, and faila to do it; Caius
has an action on the case against the builder for this
breach of his express promise, undertaking, or as-
sumpsit ; and shall recover a pecuniary satisfaction for
the injury sustained by such delay. So also in the
case of a debt by simple contract, if the debtor pro-
mises to pay it and does not, this breach of promise
entitles the creditor to his action on the case, instead
of being driven to an action of debt. Thus likewise a
promissory note, or note of hand not under sesl, to
pay money at a day certain, is un express assumpsit;
and the payee at common law, or by custom and act
of parliament the indorsee, may recover the value of
the note in damage, if it remains unpaid. Some
agreements indeed, though never so expressly made, are
deemed of so important a nature, that they ought not
to rest in verbal promise only, which cannot be proved
but by the memory (which sometimes will induce the
perjury of witnesses. To prevent which, the statute
of frauds and perjuries, 29 Car. II. c. 3. enacts, that
in the five following cases no verbal promise shall be
sifficient to ground an action upon, but at the least
some note or memorandum of it shall be made in
writing, and signed by the party to be charged there-
with : 1. Where an executor or administrator promises
to answer damages out of his own estate. 2. Where
a man undertakes to answer for the debt, default, or
miscarriage, of another. 3. Where any agreement is
made upon consideration of marriage. 4. Where any
contract or sale is made of lands, tenements, or heredi-
taments, or any interest therein. 5. And lastly, where
there is any agreement that is not to be performed with-
in a year from the making hereof. In all these cases
a mere verbal assumpsit is void.

From these express contracts the transition is easy to
those that are only implied by law. Which are such as
reason and justice dictate, and which therefore the law
presumes that every man has contracted to perform ;
and, upon this presumption, makes him answerable to
such persons as suffer by his non-performance.

Thus, 1. If I employ a person to transact any busi-
ness for me, or perform any work, the law implies that
I undertook, or assumed, to pay him so much as bis
lubour deserved ; and if I neglect to make him amends,
he has a remedy for bis injury by bringing his action
on the case upon this implied assumpsit: wherein be is

at
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Assumpsit. at liberty to suggest that I promised to pay him so remedy in damages by a special action on the case. A Ascumpsit
eyt much a8 he reasonably deserved, and then to aver that few instances will fully illustrate this matter. If an ]
his trouble was really worth such a particular sum, officer of the. public is guilty of neglect of duty, or a Assump-

which the defendant has omitted to pay. But this
valuation of his trouble is submitted to the determina-
tion of a jury ; who will assess such a sum in damages
as they think he really merited. This is called an ac-
sumpsit on a quantum meruit.

2. There is also an implied assumpsit on a guantum
valebat, which is very similar to the former ; being only
where one takes up goods or wares of a tradesman,
without expressly agreeing for the price. There the
law concludes, that both parties did intentionally agree
that the real value of the goods should be paid ; and an
action on the case may be brought accordingly, if the
vendee refuses to pay that value.

3. A third species of implied assumpsit is when one
has had and received money belonging to another with-
out any valuable consideration given on the receiver’s
part ; for the law construes this to be money had and
received for the use of the owner only; and implies
that the person so receiving, promised and undertook to
account for it to the true proprictor. And, if he un-
justly detains it, an action on the case lies against him
for the breach of such implied promise and undertaking;
and he will be made to repair the owner in damages,
equivalent to what he has detained in such violation of
his promise. This is a very extensive and beneficial
remedy, applicable to almost every case where the de-
fendant has received money whicz ex @quo et bono he
ought to refund. It lies for money paid by mistake, or
on a consideration which happens to fail, or through
imposition, extortion, or oppression, or where undue ad-
vantage is taken of the plaintiff’s situation.

4. Where a person has laid out and expended his
own money for the use of another at his request, the law
implies a promise of repayment, and an action will lie
on this assumpsit.

5. Likewise, fifthly, upon a stated account between
two merchants, or other persons, the law implies that
he against whom the balance appears has engaged to
pay to the other; though there be not any actual
promise. And from this implication it is frequent for
actions on the case to be brought, declaring that the
plaintiff and defendant had settled their accounts toge-
ther, rnsimul computassent (which gives name to this
species of assumpsit) ; and that the gefendant engaged
to pay the plaintiff the balance, but has since neglect-
ed to do it. But if no account has been made up,
then the legal remedy is by bringing a writ of account,
de computo ; commanding the defendant to render a just
account to the plaintiff, or show the court good cause
to the contrary. In this action, if the plaintiff suc-
ceeds, there are two judgments; the first is, that the
defendant do account (quod computet) before auditors
appointed by the court; and when such account is
finished, then the second judgment is, that he do pay
the plaintiff so much as he is found in arrear.

6. The last class of contracts, implied by reason and
construction of law, arises upon this supposition, that
every one who undertakes any office, employment,
trust, or duty, contracts with those who employ or in-
trust him, to perform it with integrity, diligence, and
skill : and if by his want of either of those qualities any
injury accrues to individuals, thev have therefore their

palpable breach of it, of non-feasance, or of mis-feasance;
as, if the sheriff does not execute a writ sent to him,
or if he wilfully makes a false return thereof ; in both
these cases the party aggrieved shall have on action on
the case for damages to be assessed by a jury. If a
sheriff or gaoler suffers a prisoner who is taken upon
mesne process (that is, during the pendency of a suit)
to escape, he is liable to an action on the case. But if
after judgment, a gaoler or sheriff permits a debtor
to escape, who is charged in execution for a certain
sum ; the debt immediately becomes his own, and he
is compellable by action of debt, being for a sum li-
quidated and ascertained, to satisfy the creditor in his
whole demand. An advocate or attorney that betray
the cause of their client, or, being retained, neglect
to appear at the trial, by which the cause miscarries,
are liable to an action on the case, for a reparation to
their injured client. There is also in law always an
implied contract with a common innkeeper, to secure
his guest’s goods in his inn ; with a common carrier or
barge-master, to be answerable for the goods be car-
ries ; with a common farrier, that he shoes a horse well,
without laming him ; with a common taylor, or other
workman, that he performs his business in a workman.
like manner: in which if they fail, an action on the
case lies to recover damages for such breach of their
general undertaking. Also, if an innkeeper, or other
victualler, hangs out a sign and opens his house for tra-
vellers, it is an implied engagement to entertain all
persons who travel that way ; and upon this universal
assumpsit an action on the case will lie against him for
damages, if he without good reason refuses to admit a
traveller. In contracts likewise for sales, if the seller
doth upon the sale warrant it to be good, the law an-
nexes a tacit contract to this warranty, that if it be
not so, he shall make compensation to the buyer; else
it is an injury to good faith, for which an action on the
case will lie to recover damages.

ASSUMPTION, a festival in the Romish church,
in honour of the miraculous ascent of the Virgin Mary
into heaven : the Greek church, who also observe this
festival, celebrate it on the 1§th of August with great
ceremony.

AssumprioN, in Logte, is the minor or second pro-
pusition, in a categorical syllogism.

AssUMPTION is also used for a consequence drawn
from the proposition whereof an argument js composed.

AssUMPTION, an island in North America, in the
gulf of St Lawrence, at the mouth of the great river of
the same name. It is covered with trees. 'W. Long.
60. 40. N. Lat. 49. 30.

AssuMPTION, a large and handsome town of Proper
Paraguay, on the river of the same name in South Ame-
rica. It 1s a bishop’s see, is well peopled, and seated in
a country fruitful in corn and fruits, whose trees are al-
ways green. There is likewise a quantit‘{]of pdsture,
and the air is temperate and salutary. . Long. §8.
40. S. Lat. 24. so. '

ASSUMPTIVE arws, in Heraldry, are such as u
person has a right to assume, with the approbation of
his sovereign, and of the heralds: thus, if a person
who has oo right by blood, and has no coat of arms,

A2 shall
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shall captivate in any lawful war any gentleman, no-
bleman, or prince, he and his heirs are, in that case,
entitled to bear the shield of that prisoner for ever.

ASSURANCE, or INSURANCE, in Commerce. See
INSURANCE. See 'also ASSURANCE in the SurpPLE-
MENT.

ASSUROR, a merchant, or other person, who makes
out a policy of assurance, and thereby insures a ship,
house, or the like.

ASSUS, or Assos, in Ancient Geography, a town of
Troas (though by others supposed to be of Kiysia),and
the same with Apollonia (Pliny); but different from
the Apollonia on the river Rhyndacus. Ptolemy places
it on the sea-coust, but Strabo more inland ; if he does
not mean the head of an inland bay, as appears from
Diodorus Siculus. It was the country of Cleanthes
the Stoic philosopher, who succeeded Zeno. St Luke
and others of St Paul’s companians, in his voyage
(Acts xx. 13. 14 ), went by sea from Troas to Assos :
bot St Paul went by land thither, and meeting them
at Assos, they all went together to Mytelene. It isnow

called Bairam. E. Long. 26. 20. N. Lat. 39. 10.

ASSYRIA, an ancient kingdom of Asia, concern-
ing the extent, commencement, and duration of which,
historians differ greatly in their accounts. Several an-
cient writers, in particular Ctesias and Diodorus Sicu-
lus, have affirmed, that the Assyrian monarchy, un-
der Ninus and Semiramis, comprehended the greater
part of the known world. Had this been the case, it
18 not likely that Homer and Herodotus would have
omitted a fact so remarkable. The sacred records in-

. timate, that none of the ancient states or kingdoms

Playfair's
e,

were of considerable extent ; for neither Chedorlaomer,
nor any of the neighbouring princes, were tributary or
subject to Assyria ; and we find nothing of the greatness
or power of this kingdom in the history of the judges
and succeeding kings of Israel, though the latter king-
dom was eppressed and enslaved by many different
powers in that period. It is highly probable, therefore,
that Assyria was originally of small extent. According
to Ptolemy, it was bounded on the north by Armenia
Major; on the wert by the Tigris; on the south by
Busiana ; and on the east by Media.

It is probable, that the origin and revolutions of the
Assyrian monarchy were as follows.—The founder of
it was Ashur, the second son of Shem, who went out
of Shinar, either by the appointment of Nimrod, or
to elude the fury of a tyrant; conducted a large body
of adventurers into Assyria; and laid the foundation of
Nineveh (Gen. x. 11.). These events happened net
long after Nimrod had established the Chaldzan mo-
parchy, and fixed his residence at Babylon. The Per-
sian historians suppese that the kings of Persia of the
first dynasty were the same with the kings of Assyria,
of whom Zohah, or Nimrod, was the founder of Babel.
(Herbelot Orient. Bibl. v. Bagdad). It does not, how-
ever appear, that Nimrod reigned in Assyria. The
kingdoms of Babylon and Assyria were originally di-
stinct and separate (Micab, v. 6.); and in this state
they remained until Ninus conquered Babylon and
made it tributary to the Assyrian empire. Ninus the
successor of Asher (Gen. x. 11. Diod. Sic. lib. 1.),
seized on Chaldea, after the death' of Nimrod, and
united the kingdoms of Assyria and Babylon. This
great prince is said to have subdued Asia, Persia, Media,
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Egypt, &c. If he did so, the effects of

were of no duration ; for in the days of

do not find that any of the neighbouri

were subject to Assyria. He was suce

miramis ; a princess of an heroic mind ; bold, enter-
prising, fortunate ; but of whom many fabulous things
bave been recorded. It appear, however, that there
were two princesses of the same name, who flourished at
very different periods. One of them was the consort of
Ninus ; and the other lived five generations before Ni-

tocris queen of Nebuchadnezzar (Euseb. Chron. p. §8.

Herod. lib. i. c. 184.). This fact has not been attend-

ed to by many writers.

Whether there was an uninterrupted series of kings
from Ninus to Sardanapalus, or not, is still a question.
Some suspicion has arisen, that the list which Ctesias has
given of the Assyrian kings is not genuiue ; for many
names in it are of Persian, Egyptian, and Grecian ex-
traction.

Nothing memorable has been recorded concerning the
successors of Ninus and Semiramis. Of that eﬂgemi-
nate race of princes it is barely said, that they accend-
ed the throne, lived in indolence, and died in their pa-
lace at Nineveh. Diodorus (lib. ii.) relates, that, in
the reign of Teutames, the Assyrians, solicited by Priam
their vassal, gent to the Trojans a supply of 20,000
foot and 200 chariots, under the command of Memnon,
son of Tithonue president of Persia: But the truth of
his relation is rendered doubtful by the accounts of other
writers.

Sardanapalus was the last of the ancient Assyrian.
kings. Contemning hie indolent and voluptuous course
of life, Arbaces, governor of Media, withdrew his al-
legiance, and rose up in rebellion against him. He was
encouraged in this revolt by the advice and assistance
of Belesis, a Chaldean priest, who engaged the Baby-
lonians to follow the example of the Medes. These
powerful provinces, aided by the Persians and other al-
lies, who despised the efleminacy, or dreaded the ty-
ranny of their Assyrian lords, attacked the empire on
all sides. Their most vigorous efforts were,. in the be-
ginning, unsuccessful. Firm and determined, however,

in they at length prevailed, defeated
the resieged Sardanapalus in his capital,
whi ied, and became masters of the em-
pirt

After the death of Sardanapalus, the Assyrian empire
was divided into three kingdoms, viz. the Median, As-
syrian, and Babylonian. Arbaces retained the supreme
power and authority, and fixed his residence at Ecba-
tana in Media. He nominated governors in Assyria
and Babylon, who were honoured with the title of
kings, while they remained subject and tributary to the
Median monarchs, Belesis received the government
of Babylen as the reward of his services; and Phul
was intrusted with that of Assyria. The Assyrian go-
vernor gradually enlarged the boundaries of his king-
dom, and was succeeded by Tiglath-pileser, Salmana-
sar, and Sennacherib, who asserted and maintained
their independency. After the death of Assar-haddon,
the brother and successor of Sennacherib, the kingdom
of Assyria was split, and avnexed to the kingdoms of
Media and Babylon. Several tributary princes after-
wards reigned in Nineveh ; but no particular account
of them is found in the annals of aucient nations. th

ear
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Amgris  hear no more of the kings of Assyria, but of those of

Babylon. Cyaxares king of Media assisted Nebu-

™, chadnezzar king of Babylon, in the siege of Ninevel,

which they took and destroyed, B. C. 606. ‘The
Chaldean or Babylonish kingdom was transferred to
the Medes, after the reign of Nabonadius, son of Evil-
merodach, and grandeon of Nebuchadnezzar. He is
styled Belshazzar in the sacred records, and was con-
quered by Cyrus, B. C. 538.

ASSYTHMENT. See ASSITHMENT.

ASTA, an ioland town of Liguria, a colony (Pto-
lemy) on the river Tanarus : now Asti. E. Long. 8.
15. N. Lat. 44. 40. .

Asta Regia, a town of Betica, (Pliny) ; sitnated
at the mouth of the Batis which was choked wp with
mud, to the north of Cadiz: 16 miles distant from the
port of Cadiz, (Aatonine). Its ruins show its former
greatness. Its name is Pheenician, denoting a fritk or
arm of the sea, on which it stood. It is said to be the
same with XERA ; which see.

ASTABAT, a town of Armenia, in Asia, situated
near the river Aras, 12 miles south of Nakshivan. The
land about it is excellent, and produces very good
wine. . There is a root peculiar to this country, called
ronas ; which runs in the ground like liquorice, and
serves for dyeing red. It is very much used all over
the Indies, and in it they have a great trade. E. Long..
46. 30. N. Lat. 39. o.

ASTANDA, in aatiquity, a royal courier or mes-
senger, the same with ANGARUS.—King Darius of
Persia is said by Plutarch, in his beok en the fortune
of Alexander, to have formerly been an astanda.

ASTAROTH, or ASHTAROTH, in antiquity, a
goddess of the Sidonians.—The word is Syriac, and
signifies sheep, especially when their udders are turgid
with milk. From the fecundity of these animals, which
in Syria continue to breed a long time, they formed
the notion of a deity, whom they called 4starotk, or
dstarte. See ASTARTE.

ASTAROTH, in Ancient Geography, the royal resi-
dence of Og king of Bashan ; whether the same with
Astaroth Carnaim, is matter of doubt: if one and the
same, it follows from Eusebius’s account, that it lay in
Bashan, and to the east of Jordan, because in the con-
fines of Arabia.

ASTARTE, in Pagan mythology, (the singular of
Astaroth), a Pheenician goddess, called in scripture
the queen of keaven, and the goddess of the Sidonians.
—Solomon, in compliment to one of his queens, erect-
ed an altar to her. In the reign of Ahab, Jezebel cau-
sed her worship to be performed with much pomp and
ceremony ; she had 400 priests; the women were em-
ployed in weaving hangings or tabernacles for her;
and Jeremiah observes, that “ the children gathered
the wood, the fathers kindled the fire, and the women
kneaded the dough, to make cakes for the queen of
heaven.”

ASTARTE, in Ancient Geography, a city on the other
side Jordan ; one of the names of Rabbath Ammon, in
Arabia Petrea, (Stepbanus).

ASTEISM, in Réhetoric, a genteel irony, or hand-
some way of deriding another. Such, e. gr. is that of
Virgil : )

i Bavium non odit, amet tua carmina, Mavi, §c..
3 ] 14
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Diomed places the characteristic of this figore, or spe- Asteism,
cies of irony, in that it is not gross and rustic, but in- Astell
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genious and polite.

ASTELL, Mary, an English lady who was an
eminent writer, was born at Newcastle-upon-Tyne in
the year 1668. Her father, who was a merchant,
committed the education of his daughter to her uncle,
who was a clergyman. Convinced of the general in-
jury done to young ladies at that period by the defi-
ciency of their education, he taught her the Latin and
French languages, and instructed her in the principles
of logic, mathematics, and natural philosophy. Ha-
ving spent 20 years of her life in Newcastle, she- re-
tired to London, where she continued the pursuit of
ber studies ; and, deeply affected with the general ig-
norance of her sex, she employed the first fruits -of her
pen to rouse them to a proper emulation, in a werk,
¢ A serious Proposal to the Ladies, wherein a Method
is offered for the Improvement of their Minds,” print-
ed in 12mo, at London 1697. The chief object of
that book was to erect a seminary for female educa-
tion. A certain lady, supposed.to be the queen, form-
ed the design of devoting 10,00al. to this honourable
purpose ; but Bishop Burnet having suggested, that it
would have too much the appearance of a nunnery, the
design did net take effect.

Disappointed in the article of marriage with an emi-
nent clergyman, she next wrote a book entitled ¢ Re-
flections on Marriage,” which was published in 1700.
This lady was a zealous advocate for the religious
system commonly called orthodox ; and in politics, de-
fended the doctrine of nonresistance. About this time
she published some controversial pieces, among which
are the following : ¢ Moderation truly stated;” * A
Fair Way with the Dissenters ; ¢ An Impartial En-
quiry into the causes of the Rebellion ;" and “ A Vin-
dication of the Royal Martyrs;” all printed in 4t0
in 1704. Her most finished performance was, * The
Christian religion as professed by a Daughter of the
Church of England,” published n r705, in a lar
octavo volume. Dr Waterland speaks of this book in
very favourable terms ; and such was the intrepidity of
this lady, that she bas attacked both Locke and Tillot-
sen in the controversial part. In the evening of her
life Mre Astell was attacked with the severe disease of
a cancer in her breast; the amputation of which she
bore with singular fortitude. At the advanced age of .
63 she died in the year 1731

Mrs Astell appears to have been a weman of uncom-
mon talents as a writer and scholar j rigid in ber prin-
ciples, and austere- in her manners. Since a pew era
of female education has commenced; such an author
as Mrs Astell would have attracted little notice ; but
at a period of society .when few women ceuld read, and
scarcely any could write, it was highly honourable for
a female to suggest hints, however imperfect, for the
improvement of female edacation.. It may farther be
remarked, that it deserves to be mentioned, that about
a century ago.a lady informed the public by her pen,
that ¢ women,. who ought to be retired, are for this
reason designed for speculation,’ and that ‘¢ great im-
provements might be made in the sciences, were not
women enviously excluded from this their proper busi-
ness.” Deeming her time more valuable than to be
wasted by trifling wisitors, and.abhorring the practice

v
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of teaching servants to lie, she would humorously ac-
cost such visitors by saying, * Mrs Astell is not at
home.” (Gen. Biog.).

V= ASTER, STARWORT. See BoTaNY Indez.

ASTER, or Stella Marina, in Zoology. See ASTE-
R1AS, HELMINTHOLOGY Index. :

ASTERABAD, a small province in the north-east

- part of Persia, sometimes included in that of Mazan-
deran. It is bounded by the Caspian sea on the west,
by lofty mountains on the south, on the north by the
river Ashor, and extends to the §8th degree of longitude
on the east. It nearly coincides with the ancient Hyr-
cania, and is the native province of the present king
of Persia. It is a mountainous country, in some parts
fruitful, in others sandy and barren. Asterabad is the
chief town. E. Long. 54. N. Lat. 36. so.

ASTERIA, in Zoolgy, a name by which some au-
thors have called the falco palumbarius, or goshawk.
See FaLco, ORNITHOLOGY Index.

ASTERIA is also the name of a gem, usnally called
the cat’s eye, or oculus cati, It is a very singular and
very beautiful stone, and somewhat approaches to the
nature of the opal, in having a bright included colour,
which seems to be lodged deep in the body of the stone,
and shifts about, as it is moved, in various directions ;
but it differs from the opal in all other particulars,
especially in its want of the great variety of colours
seen in that gem, and in its superior hardness. It is
usually found between the size of a pea and the breadth
of a sixpence ; is almost always of a semicircular form,
broad and flat at the bottom, and rounded and convex
at the top ; and it is naturally smooth and polished. It
bas only two colours, a pale brown and a white ; the
brown seeming the ground, and the white playing about
in it, as the fire colour in the opal. It is considerably
bard, and will take a fine polish, but is usually worn
with its native shape and smoothness. It is found in
the East and West Indies, and in Europe. The island
of Borneo affords some very fine ones, but they are
usually small ; they are very common in the sands of
rivers in New Spain : and in Bohemia they are not un-
frequently found immersed in the same masses of jasper
with the opal.

ASTERIA is also the name of an extraneous fossil,
called in English the star-stone. The fossils are small,
short, angular, or sulcated columns, between one and
two inches long, and seldom above a third of an inch
in diameter : composed of several regular joints ; when
separated, each resembles a radiated star. They are,
not without reason, supposed to be a part of some seas
fish petrified, probably the asterias or sea-star. The aste-
ria is also called astrites, astroites, and asteriscus. They
may be reduced to two kinds: those whose whole bo-
dies make the form of a star ; and those which in the
whole are irregular, but are adorned as it were with

. constellations in the parts. Dr Lister, for distinction’s
sake, only gives the name asteria to the former sort,

distinguishing the latter by the appellation of astros-
tes ; other naturalists generally use the two indiscrimi-
nately. The asteria spoken of by the ancients, appears
to be of this latter kind. The quality of moving in
vinegar, as if animated, is scarce perceivable in the
astroites, but is signal in the asteria. The former must

be Lroken in small pieces before it will move ; but the

latter will move, not only in & shole joint, but in two

[ 6 1

A ST

or three knit together. The curious frequently meet
with these stones in many parts of England: at Cley-
don in Oxfordshire they are found rather larger than
common, but of a softer substance ; for, on being left a
small space of time in a strong acid, they may easily
be separated at the joints in small plates.

ASTERIAS, STAR-FIsH, or SEA-STAR. See HEL-
MINTHOLOGY Index.

ASTERIAS, the ancient name of the bittern. See
ARDEA, ORNITHOLOGY Index.

ASTERISK, a mark in form of a star (*), placed
over a word or sentence, to refer the reader to the mar-
ﬂ:}, or elsewhere, for a quotation, explanation, or the
ike.

ASTERIUS, or AsTuR1us, a Roman consul, in 449.
We have under his name, * A Counference on the Oid
and New Testament,” in Latin verse : in which each
strophe contains, in the first verse, an bistorical fact in
the Old Testament ; and in the second, an application
of that fact to some point in the New.

ASTERN, a sea phrase, used to signify any thing
at some distance behind the ship ; being the opposite
of AHEAD, which signifies the space before ber. See
AHEAD.

ASTEROPODIUM, a kind of extraneous fossil, of
the same substance with the asterie or star-stones, to
which they serve as a base. Set AsTERIA and STAR-
STONE,

ASTHMA. See MEDICINE Index.

ASTI, a city of Montferrat in Italy, seated on the
Tanara, and capital of the county of the same name.
It is a bishop’s see, and well fortified with strong walls
and deep ditches ; and is divided into the city, borough,
citadel, and castle, which contain altogether 22,000 in-
habitants. There are a great many churches and con-
vents, as well as other handsome buildings ; and its ter-
ritory is well watered, beautiful, and fruitful. It was

‘repeatedly taken and retaken by the French and Au-

strianss during the late wars. E. Long. 8. 15. N, Lat.
44. 59.

ASTIGI, in Ancient Geography, a colony, and con-
ventus aiuridicus, of Betica, surnamed dugusta Firma,
situated on the Singulus, which falls into the Beetis 3
called alse Colonia Astigitana (Pliny): Now Ecya,
midway between Seville and Cordova. W. Long. §°
N. Lat. 37. 2c. .

ASTOMI, in anthropology, a people feigned with-
out mouths. Pliny speaks of a nation of Astomi in
India, who lived only by the smell or effluvia of bodies
taken in by the nose.

ASTORGA, a very ancient city of Spain, in the
kingdom of Leon, with a bishop’s see, is seated on the
river Tuerta, and well fortified both by art and nature,
It stands in a most agreeable plain, about 150 miles
north-west of Madrid. There are excellent trouts in
the river. W, Long. 6. 20. N. Lat. 42. 20.

" ASTRACAN, a province of Russia, and the most
easterly part of Europe; bounded on the north by Bul-
garia and Baskiria ; on the south by the Caspian sea ;
on the west, by the Volga, which divides it from the
Nagayan Tartars and Don Cossacks ; and on the east,
by the great ridgls of mountains which part it from
Great Tartary. The province extends from the 46th
to the §2d degree of latitude. The summer is lang,
and intensely hot: the winter continues about three

months

Asteris

Astracan.
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Astracan. months so severe, that the Volga is frozen hard enough
Nyt {0 bear loaded sledges.

The soil is rich and fertile 3
but the Tartars who inbabit it are strangers to agricul-
ture. On the western and southern sides of the Volga,
are heaths of a prodigious extent, sandy, desert, and
uncultivated ; thece, however produce vast quantities
of fine transparent salt in pits, where the sun bakes and

incrustates it to the thickness of an inch on the surface -

of the water. There are pits in the neighbourhood of
Astracan which yield this excellent salt in such abun-
dance, that any person may carry it off, paying at the
rate of ove farthing a poost, which is equal to forty
pounds. The metropolis, Astracan, is situated with-
in the boundaries of Asia, on an island called Dolgos,
about 60 English miles above the place where the Vol.
disembogues itself into the Caspian sea. The city
ﬁ:rins its name from Hadgee Tarkan, a Tartar, by
whom it was founded. It was conquered by Iwan Ba-
silowitz, recovered by the Tartars in the year 1668,
and retaken by the czar, who employed for this pur-
pose a great number of flat-bottomed vessels, in which
be transported his forces down the Volga from Casan,

The city of Astracan is about two miles and a half
in circumference, surrounded by a brick wall, which
is now in a ruinous condition : but, if we comprehend
the suburbs, the circuit will be near five miles. The
number of inhabitants amounts to 70,000, including
Armenians and Tartars, as well as a few Persians and
Indians. The garrison consists of six regiments of the
best Russian troops, who, when this place was alarm-
ed from the side of Persia, had in the adjacent plain
erected a great nuinber of small batteries, to scour the
fields, and obstruct the approach of the enemy. The
bouses of Astracan are built of wood, and generally
mean and inconvenient. The higher parts of the city
command a prospect of the Volga, which is here about
three miles in breadth, and exhibits a noble appear-
ance. The marshy lands on the banks of it render the
place very sickly in the summer : the earth, being im-
prcgnnte? with salt, is extremely fertile, and prodaces
abundance of fruit, the immoderate use of which is at-
tended with epidemical distempers. Sickness is like-
wise the consequence of those annual changes in the
atmosphere prodaced by the floods in spring and au-
tumn. All round the city of Astracan, at the distance
of two miles, are seen a great number of gardens, or-
cbards, and vineyards, producing all sorts ef herbs
and roots. The grapes are counted o delicious, that
they are preserved, in sand, and transported to court by
land-carriage at a prodigious expence : yet the wine of
Astracan is very indifferent. The summer being ge-
nerally dry, the iohabitants water their gardcus by
meaos of Isrge wheels worked by wind or horses,
which raise the water to the highest part of the gar-
den, from whence it runs in trenches to refresh the
roots of every single tree and plant. The neighbour-
ing country produces hares and partridges, plenty of
quails in summer, with wild and water-fowl ef ull sorts
in abundance.

About ten miles below Astracan is a small island
called Bosmaise, on which are built large storebouses
for the salt, which is made about twelve miles to
the eastward, and, being brought thither in boats, is
couveyed up the Volga, in order to supply the cour-
try as far as Moscow and Twere. The quantity of
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claimed by the crown, and yields a considerable reve-
nue ; for the soldiers and bulk of the people live alniost
entirely on bread and salt. The neighbourhood of
these salt-works is of great advantage to the fisheries,
which extend from hence to the Caspiun sea, and reach
to the south-east as far as Yack, and even 100 miles
above Zaritzen. The principal fish here caught are
sturgeon and belluga. These, being calted, are put on
board of vessels, and sent away in the spring, for the
use of the whole empire, even as far a¢ Petersburg: bat
as fish may be kept fresh as long as it is frozen, the
winter is no sooner set in, than they transport great
quaatities of it by land through all the provinces of
Russia. Of the roes of the fish called belluga, which
are white, transparent, and of an agieeable flavour, the
fishers here prepare the caviare, which is in so much
esteem all over Europe. These fisheries were first esta-
blished by one Tikon Demedoff, a carrier, who settled
in this pluce about 60 years ago, his whole wealth con-
sisting of twe horses. By dint of skill and industry, he
soon grew the richest merchant in this country : but his
success became so alluring to the crown, that of late
years it hath engrossed some of the fisheries as well as
the salt works.

From the latter end of July to the beginning of Oc-
tober, the country about Astracan is frequeatly infest-
ed with myriads of locusts, which darken the air in their
progression from the north to the southward; and,
wherever they fall, consume the whole verdure of the
earth. These insects can even live for some time un-
der water: for when the wind blows across the Volga,
vast numbers of them fall in clusters, and are rolled
ashore ; and their wings are no sooner dry, than they
rise and take flight again.

Heretofore the inbabitants of Astracan traded to
Kbuva and Bokhara ; but at present these branches are
lost, and their commerce is limited to Persia and the
dominions of Russia. Even the trade to Persia is much
diminished by the troubles of that country; neverthe-
less, the commerce of Astracan is still considerable.
Some years ago, the city maintained about 40 vessels,
from 100 to 200 tons burden, for the Caspian traffic.
Some of these belong to the government, and are com-
manded by a commodore, under the direction of the
admiralty. This office is generally well stocked with
naval stores, which are sold occasionally to the mer-
chants. The trading ships convey provjsions to the
froutier towns of Terkie and Kislar, situated on the
Caspian sea; and transport merchaodise to several
parts of Persia. The merchants of Astracan export
to Persia, chiefly ou account of the Armenians, red
leather, linens, woollen cloths, and ether European ma-
nufactures. [n return, they import the commodities.
of Persia, particularly those manufactured at Cysan ;
such as silk sashes intermixed with gold, for the use
of the Poles ; wrought silks and stuffs mixed with cot>
ton ; rice, cotten, rhubarb, and a small quantity of
other drugs ; but the chief commodity is raw silk. The
government has eogrossed the article of rhubarb, the
greater part of which is brought into Russia by the
Tartars of Yakntski, bordering on the eastern Tartais
belonging to China. They travel through Siberia to
Samura, thence to Casan, and lastly to Moscow. The

revenue.



Awtescan
Astroguo-
sis,

ey e

AST

revenue of Astracan is computed at 150,000 rubles,
or 33,000l arising chiefly from salt and fish. The
city is ruled by a governor, under the check of a
chancery. He is nevertheless arbitrary enough, and
exercises oppression with impunity. The officers of
the admiralty and custom-house having very small sa-
Jaries, are open to corruption, and extremely rapaci-
ous. At christening feasts, which are attended with
great intemperance, the guests drink a kind of cherry-
brandy out of large goblets; and every person invited
throws a present of money into the bed of the mother,
who sits up with great formality to be saluted by the
company.

The Indians have a Pagan temple at Astracan, in
which they pay their adoration, and make offerings of
fruit to a very ugly deformed idol. The priests of this
pagod use incense, beads, cups, and prostrations, The

- Tartars, on the contrary, hold idol-worship in the ut-

most sbomination.

ASTRAA, in Astronomy, a name which some give
to the sign Virgo, by others called Erigone, and some-
times Isis. The poets feign that Justice quitted heaven
to reside on earth, in the golden age; but, growing
weary of the iniquities of mankind, sﬁee left the earth,
and returned to heaven, where she commenced a con-
stellation of stars, and from her orb still looks down on
the ways of men.

ASTRAGAL, in Architecture, a little round mould-
ing, which in the orders surrounds the top of the shaft
or body of the column. It is also called the talon and
tondino ; it is used at the bottoms as well as tops of co-
lumns, and on other occasions : it properly represents a
ring, on whatever part of a column it is placed ; and
the original idea of it was that of a circle of iron put
round the trunk of a tree, used to support an edifice, to
prevent its splitting. The astragal is often cut into
beads and berries, and is used in the ornamented en-
tablatures to separate the several faces of the archi-
trave.

ASTRAGAL, in Gunnery, a round moulding encom-
passing a cannon, about half a foot from its month.

ASTRAGALOMANCY, a species of divination
performed by throwing small pieces, with marks cor-
responding to the letters of the alphabet ; the accidental
disposition of which formed the answer required. This
kind of divination was practised in a temple of Hercules,
in Achaia. The word is derived from asgaywass, and
parrua, divination.

ASTRAGALUS, MIiLK-VETCH, or LIQUORICE-
VETCH. See BoTANY Index.

ASTRAGALUS. See ANATOMY [ndex.

ASTRANTIA, MAsTERWORT. See Borany In-
dex.

ASTRICTION, in Law. See THIRLAGE.

ASTRICTION, among physicians, denotes the opera-
tion of astringent medicines.

ASTRINGENTS, in the Materia Medica, sub-
stances distinguished by a rough austere taste, and chan-
ging solutions of. iron, especially those made in the vi-
triolic acid, into a-dark purple or black colour ; such
are galls, tormentil root, bistort root, balaustines, ter-
ra japonica, acacia, &c. See MATERIA MEeDicA In.
dex.
ASTROGNOSIA, the science of the fixed stars,
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or the knowledge of their names, constellations, magni-
tudes, &c.

ASTROITES, or STAR-STONE, in Natural Historg.
See ASTERIA and STAR-STONE.

ASTROLABE, the name for a stereographic pro-
jection of the sphere, either upon the plane of the equa~
tor, the eye being supposed to be in the pole of the
world ; or upon the plane of the meridian, when the
eye is supposed in the point of the intersection of the
equinoctial and horizon. :

ASTROLABE i8 also the name of an instrument for-
merly used for taking the altitude of the sun or stars
at sea.

ASTROLABE, among the ancients, was the same as
our armillary sphere.

ASTROZOGY, a conjectural science, which teach-
es to judge of the effects'and influences of the stars, and
to- foretel future events by the situation and different as-
pects of the heavenly bodies. '

This science has been divided into two branches, na-
tural and judiciary. 'To the former belongs the pre-
dicting of natural effects ; as, the changes of weather,
winds, storms, hurricanes, thunder, floods, earthquakes,
&ec. This art properly belongs to natural philesophy 3
and is only to be deduced, @ posteriori, from phenomena
and observations. Judiciary or judicial astrology, is
that which pretends to foretel moral events; i. e. such
as have a dependency on the free will and agency of
man ; a8 if they were directed by the stars. This art,
which owed its origin to the practices of knavery on
credulity, is now universally exploded by the intelligent
part of mankind.

The professors of this kind of astrology maintain,
“ That the heavens are one great volume or book,
wherein God has written the history of the world ; and
in which every man may read his own fortune, and the
transactions of his time. The art, say they, had its riss
from the same hands as astronomy itself: while the
ancient Assyrians, whose serene unclouded sky- favour-
ed their celestial observations, were intent on tracing
the paths and periods of the heavenly bodies, they dis-
covered a constant settled relation or analogy between
them and things below ; and bence were led to con-
clude these to be the Parce, the Destinies, so much
talked of, which preside at our births, and dispose of
our future fate.

¢ The laws, therefore, of this relation being ascer-

. tained by a series of observations, and the share each

planet has therein; by knowing the precise time of any
person’s nativity, they were enabled, from their know-
ledge in astronomy, to erect a scheme or horoscope of
the situation of the planets at this point of time ; and,
bence, by considering their degrees of power and in-
fluence, and how each was either strengthened or tem-
pered by some other, to compute what must be the re-
sult thereof.”

Thus the astrologers.—But the chief province now
remaining to the modern professors, is the making of
calendars or almanacks. -

Judicial astrology is commonly said to have been
invented in Chaldea, and thence transmitted to the
Egyptians, Greeks, and Romans; though some will
have it of Egyptian origin, and ascribe the invention to
Cham. But it is to the Arabs that we owe it. At Ro:hle

.
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Awrology. the people were so infatuated with it, that the astrolo-

ey gers, OF, 88 tbey were then called, the mathematicians,
maintained their ground in spite of all the edicts of
the emperors to expel them out of the city. See GE-
NETHLIACL

Add, that the Bramins, who introduced and practi-
sed this art among the Indians, have thereby made them-
selves the arbiters of good and evil bours, which gives
them great authority : they are consulted as oracles,
and they have taken care pever to sell their answers
but at good rates.

The same superstition has prevailed in more modern
ages and nations. The French historians remark, that
in the time of Queen Catherine de Medicis, astrology
was 80 much in vogue, that the most inconsiderable
thing was not to be done without consulting the stars.
And in the reigns of King Henry III. and 1V. of
Frauce, the predictions of astrologers were the com-

mon theme of the court conversation. This predomi-
nant humour in that court was well rallied by Barclay,
in his Argenis, lib. ii. on occasion of an astrologer, who
had undertaken to instruct King Henry in the event of
a war then threatened by the faction of the Guises.

ASTRONIUM. See Borany Indcs.

ASTRONOMICAL, something relating to A-
STRONOMY.

AsTrONOMICAL Calendar, an instrument engraven on
copperplates, printed on paper, and pasted on a board,
with a brass slider carrying a hair : it shows by inspec-
tion the sun’s meridian altitude, right ascension, decli-
nation, rising, setting, amplitude, &c. to a greater de-
gree of exactness than the common globes.

AsTRONOMICAL Sector, a very useful mathematical
instrument, made by the late ingenious Mr Graham ;
a description of which is given in the course of the
following article.

ASTRONOMY.

ASTRONOMY is that science which treats of the
motions of the heavenly bodies, and explains the
laws by which these motions are regulated. s
It is the most sublime and the most perfect of all the
sciences. No subject has heen longer studied, or has
made greater progress, 'There is a vast interval be-
tween the rude obscrvations of the earlier astronomers,
and the precision and general views which direct our
present ohservers. To ascertain the apparent motions
of the heavenly bodies was a difficult task, and requi-
red the united observations of ages. To unravel these
intricate mazes, and detect and demonstrate the real
motions, demanded the most patient perseverance,
jodgment, and dexterity. To ascertain the laws of
these motions, and to resolve the whole of them in-
to one general fact, required the exertions of a sagaci-
ty scarcely to be expected in human nature. Yet all
this bas been accomplished ; and even the most minute

movement of the heavenly bodiés has been shewn to
depend upon the same general law with all the rest,
and even to be a consequence of that law. Astrono-
my, therefore, is highly interesting, were it only be-
cause it exhibits the finest instance of the length that
the reasoning faculties can go. It is the triumph of
philosophy and of human nature. But this is not all.
It has conferred upon mankind the greatest benefits,
and may truly be considered as the grand improver and
conductor of navigation.

The following treatise will be divided into four parts.
In the first part, we shall give a sketch of the history
of astronomy ; in the second, we shall treat of the appa-
rent motions of the heavenly bodies ; in the tAird, of
their real motions ; and in the fourth, of gravitation, or
of that general fact to which all their motions may be
referred, and from which they proceed.

PART 1. HISTORY OF ASTRONOMY.

History.  THE antiquity of this science may be gathered from
\——v=—=>' what was spoken by the Deity at the time of creating
the celestial luminaries, ¢ Let them be for signs and
seasons,” &c. whence it is thought probable that the

human race never existed without some knowledge of
astronomy among them. Indeed, besides the motives

of mere curiosity, which of themselves may be supposed

to have excited people to a contemplation of the glori-

ous celestial canopy, as far as that was possible, it is

easily to be scen that some parts of the science answer

such essential purposes to mankind, that they could not

' possibly be dispensed with.
Aswronomp By eome of the Jewish rabbins, Adam, in his state
supposed to of innacence, is supposed to have been endowed with a
miﬂ'- knowledge of the nature, influence, and uses of the
Adem ood heavenly bodies ; and Josephus ascribes to Seth and his
the Autedi- posterity an extensive knowledge of astronomy. But
lavians.  whatever may be in this, the long lives of the Antedi-
Vor. IIL, Part L.

luvians certainly afforded such an excellent opportunity
for observing the celestial bodies, that we cannot but
suppose the science of astronomy to have been consider-
ably advanced before the flood. Josephus says, that
longevity was bestowed upon them for the very purpose
of improving the sciences of geometry and astronomy.
The latter could not be learncd in less than 6oo years:
¢ for that period (says he) is the grand year.” By
which it is supposed he meant the period wherein the
sun and moon came again into the same situation as
they were in the beginning thereof, with regard to the
nodes, apogee of the moon, &ec. * This period (says
Cassini), whereof we find no intimation in any monu-
ment of any other nation, is the finest period that ever
was invented : for it brings out the solar year more
exactly than that of Hipparchus and Ptolemy; and
the lunar month within about one second of what is
determined by modern astronomers. If the Antedilu-
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History. vians had such a period of 600 years, they must have

Part .

the year 1111, and a summer solstice in the year 882, Histosy.

———known the motion of the sun and moon more exactly
than their descendants knew them some ages after the
2 flood.”

Astronomi-  On the building of the tower of Babel, Noah is sup-
fe‘:l' k“°r"l‘l posed to have retired with his children born after the
Chf:‘fet € flood, to the north-eastern part of Asia, where bis de-
" scendants peopled the vast empire of China. ¢ This

(says Dr Long) may perhaps account for the Chinese
baving so early cultivated the study of astronomy ;
their being so well settled in an admirable police, and
continuing so many hundred years as they did in the
worship of the true ‘God.” The vanity of that people
indeed has prompted them to pretend a knowledge of
astronomy almost as early as the flood itself. Some of
the Jesuit missionaries have found traditional accounts
among the Chinese, of their having been taught this
science by their first emperor Fo-bissupposed to be Noah ;
and Kempfer informs us, that this personage discovered
the motions of the heavens, divided time into years
and months, and invented the twelve signs into which
they divide the zodiac, which they distinguish by the
following names. 1. The mouse. 2. The ox or cow.
3. The tiger. 4. The bare. 5. The dragon. 6. The
serpent. 7. The horse. 8. The sheep. 9. The monkey.
10. The cock or hen. 11.The dog; and, 12. The
bear. They divide the heavens into 28 comstellations,
four of which are assigned to each of the seven planets;
8o that the year always begins with the same planet ;
and their constellations answer to the 28 mansions of
the moon used by the Arabian astronomers. These
constellations, in the Chinese buoks of astronomy, are
not marked by the figures of animals, as was in use
among the Greeks, and from them derived to the
other European nations, but by connecting the stars
by straight lines ; and Dr Long informs us, that in a
Chinese book in thin 4to, shown him by Lord Pem-
broke, the stars were represented by small circles joined
by lines; so that the Great Bear would be marked thus,

N A

To the emperor Hong-ti, the grandson of Noal,
they attribute the discovery of the pole-star, the inven-
tion of the mariner’s compass, of a period of 60 years,
and some kind of sphere. This extraordinary antiqui-
ty, bowever, is with good reason suspected, as is like-
wise their knowledge in the calculation of eclipses ; of
which Du Halde assures us, that 36 are recorded by
Confucius himself, who lived 551 years before Christ;
and P. Trigault, who went to China in 1619, and read
more than 0o volumes of their annals, says, ¢ It is
certain that the Chinese began to make astronomical
observations soon after the flood ; that they have ob-
served a great number of eclipses, in which they have
noted down the hour, day, month, and year, when they
happened, but neither the duration nor the quantity;
and that these eclipses have been made use of for re-
gulating their ehronology.”

¢ But out of this abundance (says Dr Long), it is
much to be regretted, that so very few of their obser-
vations have been particularized ; for beside what has
been mentioned above, we meet with no very ancient
observations of the Chinese, except a winter solstice in

3

Their
names for
the signs of
the zodiac,

before Christ. Martini indeed speaks of a summer sol-
stice 2342 years before that period. But M. Cassini,
who calculated it, found that there must bave been an
error in the Chinese computation of 500 years at least.
An error of equal magnitude appears to have been
committed in the conjunction of the five planets, which
it is pretended they observed between the years 2513
and 243§ before Christ. In short, some have suppo-
sed, that none of these are real observations, but the
result of bungling calculations ; and it has been hinted,
but surely on too slight a foundation, that even those
good fathers themselves were greatly to be suspected.
But let us come to things which are not contested.

¢ P. Gaubil informs us, that at least 120 years before
Christ, the Chinese had determined by observation the
number and extent of their constellations as they now
stand ; the situation of the fixed stars with respect
to the equinoctial and solstitial points; and the ob-
liquity of the ecliptic. He farther says, he cannot tell
by what means it is that they foretel eclipses : but this
is certain, that the theory by which they do predict
them was settled about the same time; and that they
were acquainted with the true length of the solar year,
the method of observing meridian altitudes of the sun
by tbe shadow of a gnomon, and of learning from
thence his declination and the height of the pole, long
before. 'We learn, moreover, from the same missiona-
ry, that there are yet remaining among them some
treatises of astronomy, which were written about 200
years before Christ, from which it appears, that the
Chinese had known the daily motion of the sun and
moon, and the times of the revolutions of the planets,
many years before that period.

¢ We are informed by Du Halde, that, in the pro-
vince of Honan, aud city Teng-foang, which is pearly
in the middle of China, there is a tower, on the top of -
which it is said that Zcheou- cong, the most skilful astro-
nomer that ever China produced, made his observations.
He lived 1200 years before Ptolemy, or more than
1000 years before Christ, and passed whole nights in
observing the celestial bodies and arranging them into
constellations. He used a very large brass table placed
perfectly horizontal, on which was fixed a long upright
plate of the same metal, both of which were divided
into degrees, &c. By these he marked the meridian al-
titudes ; and from thence derived the times of the sol-
stices, which were their principal epocha,”

Dr Long represents the state of astronomy in China
as at present very low; occasioned, he says, prin-
cipally by the barbarous decree of one of their em- .
perors®, to have all the books in the empire burnt, *SeeChins
excepting such as related to agriculture and medicine.
We are informed, however, by the Abbe Grosier, in
his description of China, that astronomy is cultivated
in Pekin in the same manner as in most of the capital
cities of Europe. A particular tribunal is established
there, the jurisdiction of which extends to every thing
relating to the observation of celestial phenomena.
Its members are, an inspector; two presidents, one of
them a Tartar and the other a Chinese ; and a certain
number of mandarins who perform the duty of asses-
sors; but for near a century and a half the place of
the Chinese president has been filled by an European.
Since that time particular attention has been paid I:o

: the
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science, as well as of the antiquity of their observa- History.

the instraction of the astronomical pupils ; and the pre-
sidents have always considered it as their duty to make
them acquainted with the system and method of cal-
culations made use of in Europe. Thus two-thirds of
the astronomical pupils, maintained at the emperor’s
expence, in all about 200, have a tolerable notion of

the state of the heavens, and understand calculation so

well as to be able to compose ephemerides of sufficient
exactness. The missionaries have never been the au-
thors of any of these ephemerides : their employment
is to revise the labours of the Chinese mathematicians,
verify their calculations, and correct any errors into
which they bave fallen. The Portuguese mission still
continues to furnish astronomers for the academy, as it
did at the first.

The astronomical tribunal is subordinate to that of
ceremonies. When an eclipse is to be observed, in-
formation must he given to the emperor of the day and
hour, the part of the heavens where it will be, &c. and
this intelligence must be communicated some months
before it happens ; the eclipse must also be calculated
for the longitade and latitude of the capital city of
every province of the empire. These observations, as
well as the diagram which represents the eclipse, are
preserved by the tribunal of ceremonies, and another
called the calao, by whom it is transmitted to the dif-
ferent provinces and cities of the empire. Some days
before the eclipse, the tribunal of ceremonies causes to
be fixed upon a public place, in large characters, the
hour and minute when the eclipse will commence, the
quarter of the heavens in which it will be visible, with
the other particulars relating toit. The mandarins are
summoned to appear in state at the tribunal of astrono-
my, and to wait there for the moment in which the
phenomenon will take place. Each of them carries in
his hand a sheet of paper, containing a figure of the
eclipse and every circumstance attending in. As soon
as the observation begins to take place, they throw
themselves on their kness, and knock their heads against
the earth, and a horrid noise of drums and cymbals im-
mediately commences throughout the whole city: a
ceremony proceeding from an ancient sugerstitious no-
tion, that by such a noise they prevented the luminary
from being devoured by the celestial dragon; and
though this notion is now exploded in China, as well
as everywhere else, such is the attachment of the people
to ancient customs, that the ceremonial is still observed.
While the mandarins thus remain prostrated in the
court, others, stationed on the observatory, examine,
with all the attention possible, the beginning, middle,
and end of the eclipse, comparing what they observe
with the figure and calculations given. They then
write down their observations, affix their seal to them,
and transmit them to the emperor ; who, on bis part, has
been no less assiduous to observe the eclipse with accu-
racy. A ceremonial of this kind is observed through
the whole empire.

The Japanese, Siamese, and inhabitants of the Mo-
gul’s empire, have also, from time immemorial, been ac-
quainted with astronomy ; and the celebrated observa-
tory at BENARES, is a monument both of the ingenuity
of the people and of their skill in the science.

Mr Bailly has been at great pains to investigate the
progress of the Indians in astronomical knowledge,
and gives a splendid account of their proficiency in the

tions.
astronomical tables of the Indian philosophers. 1. Of
the Siamese, explained by M. Cassini in 1689. 2. Those
brought from India by M. le Gentil of the Academy
of Sciences. 3. and 4. Two other manuscript tables
found among the papers of the late M. de Lisle. All
of these tables bave different epochs, and differ in
form, being also constructed in different ways; yet
they all evidently belong to the same astronomical sy-
stem: the motions attributed to the sun and the moon
are the same, and the different epochs are so well con-
nected by the mean motions, as to demonstrate that
they had only one, whence the others were derived by
calculation. The meridians are all referred to that of
Benares above mentioned. The fundamental epoch of
the Indian astronomy is a conjunction of the sun and
moon, which took place at no less a distance of time
that 3102 years before the Christian era. Mr Bailly
informs us, that, according to our most accurate astro-
nomical tables, a conjunction of the snn and moon ac-
tually did happen at that time. But though the bra-
mins pretend to bave ascertained the places of the two
luminaries at that time, it is impossible for us at this
time to judge of the truth of their assertions, by rea-
son of the unequal motion of the moon; which, as
shall afterwards be more particularly taken notice of,
now performs its revolution in a-shorter time than for-
merly.

Our author informs us, that the Indians at present cal-
culate eclipses by the mean motions of the sun and moou
observed §000 years ago ; and with regard to the solar
motion, their accuracy far exceeds that of the best Gre-
cian astronomers. The lunar motions they had also
settled, by computing the spaces through which that lu.
minary had passed in 1,600,084 days, or somewhat
more than 4383 years. They also muke vse of the
cycle of 19 years attributed by the Greeks to Meton;
and their theory of the planets is much better than
that of Ptolemy, as they do not suppose the earth to be
the centre of the celestial motions, and they believe that
Mercury and Venus turn round the sun. Mr Bailly
also informs us, that their astronomy agrees with the
most modern discoveries of the decrease of the obliquity
of the ecliptic, the acceleration of the motion of the e-
quinoctial points, with many other particulars too tedi-
ous to enumerate in this place.

11

He bas examined and compared four different ‘———

. S
1t appears also, that even the Americans were not Astronomy
unacquainted with astronomy, though they made useof the A-

only of the solar, and not of the lunar motions, in their
division of time. The Mexicans bave had a strange
predilection for the number 13. Their shortest pe-
riods consisted of 13 days; their cycle of 13 months,
each containing 20 days; and their century of four
periods of 13 years each. This excessive veneration
for the number 13, according to Siguenza, arose from
its being supposed the number of their greater gods.
What is very surprising, though asserted as a fact by
Abbé Clavigero, is that having discovered the excess of
a few hours in the solar above the civil year, they
made use of interculary days, to bring them to an equa-
lity : but with this difference in regard to the method
established by Julius Ceesar in the Roman calendar,
that they did not interpose a day every four years, but
13 days (making use eveg here of this favourite nl:nm)-
2 Ccr

mericans.
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History. bgr) every §2 yeare, which produces the same regula- well as the planets, but in orbits vastly more extensive ; History
tion of time. on which account they are only seen by us while near ‘m——y———

Of the

Among those nations who first began to make any

Chaldeans Dgure in ancient history, we find the Chaldeans and
and Egyp- Egyptians most remarkable for their astronomical

tians.

knowledge. Both of them pretended to an extravagant
antiquity, and disputed the honour of having been the
first cultivators of the science. The Chaldeans boast-
ed of their temple of Belus ; and of Zoroaster, whom
they placed 5000 years before the destruction of Troy :
the Egyptians boasted of their colleges of priests, where
astronomy was taught ; and of the monument of Osy-
mandyas, in which we are told was a golden circle 36§
cubits in circumference and one cubit thick. The up-
per face was divided into 365 equal parts, answering
to the days of the year; and on every division were
written the name of the day, and the heliacal rising of
the several stars for that day, with the prognostications
from their rising, principally, as Long conjectures, for
the weather. )

The Chaldeans certainly began to make observa-
tions very soon after the confusion of languages; for
when Alexander the Great took Babylon, Calisthenes,
by his order, inquired after the astronomical observa-
tions recorded in that city, and obtained them for
1903 years back. Nothing, however, now remains
of the Chaldean astronomy, excepting some periods of
years which they had formed for the more ready com-
putation of the heavenly bodies. But though they
must have laboured under great disadvantages for
want of proper instruments, in those early ages, Ge-
mina, as quoted by Petarius in bis Uranologion, in-
forms us, that they bad determined, with tolerable
exactness, the length both of a synodical and periodi-
cal month. They bad also discovered that the mo-
tion of the moon was not uniform, and even attempt-
ed to assign those parts of her orbit in which it was
quicker or slower. Ptolemy also assures us, that they
were not unacquainted with the motion of the muon’s
nodes and that of her apogee, supposing that the for-
mer made a complete revolution in 6585} days, or
18 years 15 days and 8 hours; which peried, con-
taining 223 complete lunations, is called the Chal-
dean Saros. The same author also gives us, from
Hipparchus, several observations of lunar eclipses
which had been made at Babylon about %20 years be-
fore Christ; but though he might very probably meet
with many of a more ancient date, it was impossible
to mention them particularly, on account of the im-
perfect state of the Chaldean chronology, which com-
menced only with the era of Nabonassar, 747 years be-
fore Christ. Aristotle likewise informs us, that they
bad many obscrvations of the occultations of fixed

'stars and planets by the moon; and from hence, by a

very natural and easy inference, they were led to con-
clude that the eclipscs of the sun were occasioned also
by the moon, especially as they constantly happened
when the latter was in the same part of the heavens
with the sun. They had also a considerable share in
arranging the stars into constellations. Nor had the
comets, by which astronomers in all ages have been so
much perplexed, escaped their observation : for both
Diodorus Siculus and Appollinus Myndius, in Seneca,
inform us, that many of the Chaldeans held these to
be lasting bodies, which have stated revolutions as
2

the earth, but disappear again when they go into the
higher regions. Others of them were of opinion, that
the comets were only meteors raised very high in the
ajr, which blaze for a while, and disappear when the
matter of which they consist is consumed or dispersed.
Dialling was also known among them long before the
Greeks were acquainted with any such thing.

It is evident, indeed, that the countries both of
Chaldea and Egypt were exceedingly proper for astro-
nomical observations, on account of the general puri-
ty and serenity of the air. The tower or temple of
Belus, which was of an extraordinary height, with
stairs winding round it up to the top, is supposed
to bave been an astronomical observatory; and the
lofty pyramids of Egypt, whatever they were ori-
ginally designed for, might possibly answer the same
purpose. Indeed these very ancient monuments show
the skill of this people in practical astronomy, as
they are all situated with their four fronts exactly
facing the cardinal points. Herodotus ascribes the
Egyptian knowledge in astronomy to Sesostris, whom
Sir Jsaac Newton makes contemporary with Solo-
mon ; but if this was the case, he could not be the
instructor of the Egyptians in astronomical mat-
ters, since we find that Moses, who lived §00 years
before Solomon, was skilled in all the wisdom of the
Egyptians, in which we are undoubtedly to include
astronomy.

From the testimony of some ancient authors, we learn
that they believed the earth to be spherical, that they
knew the moon was eclipsed by falling into its shadow,
and that they made their observations with the greatest
exactness, They even pretended to foretel the appear-
ance of comets, as well as earthquakes and inundations;
which extraordinary knowledge is likewise ascribed to
the Chaldeans. They attempted to measure the mag-
nitude of the earth and sun ; but the methods they took
to find out the latter were very erroneous. It does not
indeed appear with certainty that they bad any know-
ledge of the true system of the universe ; and by the time
of the emperor Augustus, their astronomical knowledge
was entirely lost.

From Chaldea the science of astronomy most probably Oﬂhz Phe

passed into Phenicia ; though some are of opinion that niciana, .

the Phenicians derived their knowledge of this science
from the Egyptians. They seem, however, to bave been
the first who applied astronomy to the purposes of navi-
gation ; .by which they became masters of the sea, and
of almost all the commerce in the world. They became
adventurous in their voyages, steering their ships by one
of the stars of the Little Bear ; which being near the
immorveuble point of the heavens called the Pole, is the
most proper guide io navigation. Other nations made
their observations by the Great Bear: which being too
distant from the pole could not guide them in long voy-
ages 3 and for this reason they never durst veoture far
from the coasts.

The first origin of astronomical knowledge among Astronomy

the Greeks is unknown. Sir Isaac Newton supposes®f the

that most of the constellations were invented about
the time of the Argonautic expedition : but Dr Long
is of opinion that many of them must have been of a
much older date; and that the shepherds, who were

certainly
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Pythagoras, however, greatly improved not only astro- History.
nomy and mathematics, but every other branch of phi- ‘===t

Part 1.

History. Certainly the first observers, gave names to them ac-
ey~ cording to their fancy ; from whence the poets invent-

lmpt:'ed Thales the Milesian, who travelled into Egypt, and  the milky-way he ascribed to the brightness of a great
by Thales. brought from thence the first principles of the science. number of small stars ; and he supposed the distances
He is said to have determined the height of the pyra- of the moon and planets from the earth to be in certiin
mids by measuring their shadows at the time the sun harmonic proportions to one another. He is said also to
was 45 degrees high, and when of consequence the have exhibited the oblique course of the sunin the eclip-
lengths of the shadows of objects are equal to their tic and the tropical circles, by means of an artificial
perpendicular heights. But his reputation was raised spherc; and he first taught that the planet Venus is both
to the highest pitch among his countrymen, by the the evening and morning star. This philosopher is said
prediction of an eclipse, which happened just at the 1o have been taken prisoner by Cambyses, and thus to
time that the armies of Alyattes king of Lydia, and have beccome acquainted with all the mysteries of the
Cyaxares the Mede, were about to engage ; and being Persian magi ; after which he settled at Crotona in lta-
regarded as an evil omen by both parties, inclined them ly, and founded. the Italian sect.
to peace. To him Callimachus attributes the form- About 440 years before the Cliristian era, Philolaus,
ing of the constellation of the Little Bear; the know- a celebrated Pythagorean, asserted the annual motion
ledge of which he certainly introduced into Greece. of the earth round the sun; and soon after Hicetas, a
He also taught the true length of the year ; determined  Syracusan, taught its diurnal motion on its own axis.
the cosmical setting of the Pleiades in his time to have About this time also flourished Meton and Euctemon
been 2§ days after the autumnal equinox ; divided the at Athens, who took an exact observation of the sum-
earth into five zones by means of the polar circles and mer solstice 432 years before Christ ; which is the oldest
tropics ; taught the obliquity of the ecliptic ; and show- observation of the kind we have, excepting what is
ed that the equinoctial is cut by the meridians at right delivered by the Chinese. Meton is said to have com-
angles, all of which intersect each other at the poles. posed a cycle of 19 years, which still bears his name ;
He is also said to have observed the exact time of the and he marked the risings and settings of the stars, and
solstices, and from thence to have deduced the true what seasons they pointed out : in all which he was as-
length of the solar year ; to have observed eclipses of sisted by his companion Euctemon. The science, how-
the sun and moon ; and to have taught that the moon ever, was obscured by Plato and Aristotle, who em-
bad no light but what she borrowed from the sun., braced the system afterwards called the Ptolemaic, which
According to Stanley, be also determined the diameter places the earth in the centre of the universe.
of the sun to be one-720th part of bis annual orbit. Eudoxus the Cnidian was a contemporary with A-
‘ But (says Dr Long) these things should be received ristotle, though considerably older, and is greatly ce-
with caution. There are some reasons which might be lebrated on account of bis skill in astronomy. He was
assigned for supposing that the knowledge of Thales in  the first who introduced geometry into the science, and
these matters was much more circumscribed: and indeed  he is supposed to be the inventor of many propesitions
it is not unreasonable to suppose, that that veneration for attributed to Euclid. Having travelled into Egypt
the ancients which leads authows to write professedly on in the earlier part of his life, and obtained a recom-
the history of ancient times, may have induced them mendation from Agesilaus to Nectanebus king of Egypt,
to ascribe full as much knowledge to those who lived lhe, by his means, got access to the priests, who had’
in them as was really their due.” the knowledge of astronomy entirely among them,
so ~ The successors o(y Thales, Anaximander, Anaxime- after which he taught in Asia and Italy. Seneca tells. .
By Ad""" nes, and Anaxagoras, contributed considerably to the us that he brought the knowledge of the planetary mo-
Z': "  advancement of astronomy. The first is said to have tions from Egypt iuto Greece ; and Archimedes, that

ed many of their fables. Several of the constellations
are mentioned by Hesiod and Homer, the two most
ancient writers among the Greeks, who lived about
870 years before Christ: Hesiod desiring the farmer
to regulate the time of sowing and harvest by the ri-
sing and setting of the Pleiades ; and Homer inform-
ing us, that observations from the Pleiades, Orion, and
Arcturus, were used in navigation. Their astronomi-
cal knowledge, however, was greatly improved by

invented or introduced the gnomon into Greece; to

- have observed the obliquity of the ecliptic; and taught

that the earth was spherical, and the centre of the
universe, and that the sun was not less than it. He
18 also said to have made the first globe, and to bhave
set up a sun-dial at Lacedemon, which is the first we
hear of among the Greeks ; though some are of opini-
on that these pieces of knowledge were brought from
Babylon by Pherycides, a contemporary of Anaximan-
der. Anaxagoras also predicted an eclipse which hap-
pened in the fifth year of the Peloponnesian war ; and
taught that the moon was habitable, consisting of hills,
valleys, and waters, like the earth. His contemporary,

losophy. He taught that the universe was composed It

Doctrines

of four elements, and that it had the sun in the centre; Pytha-

that the earth was round, and had antipodes; and that
the moon reflected the rays of the sun ; that the stars
were worlds, containing earth, air, and ether ; that the
moon was inhabited like the earth; and that the comets
were a kind of wandering stars, disappearing in the
superior parts of their orbits, and becoming visible on-
ly in the lower parts of them. The white colour of

be believed the diameter of the sun te be nine times
that of the moon. He was also well acquainted with
the method of drawing a sun-dial upon a plane; from
whence it may be inferred that he understood the doc-
trine of the projection of the sphere : yet, notwithstand-
ing what has been said concerning the observations of
Eudoxus, it is not certain that his sphere was not taken
from one much more ancient, ascribed to Chiron the,
Centaur. The reason given for this supposition is,
that had the places of the stars been taken from his
own observations, the constellations must have been half
a sign farther advanced than they are eaid to be in his,
writings.

Soon .

ras.
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History.  Soon after Eudoxus, Calippus flourished, whose sy- mathematicians, was nothing inferior as an astronomer Fxistor
‘e ~—— stem of the celestial sphere is mentioned by Aristotle ; to what he was as a geometrician. He determined ‘“wm———y——
but be is better known from a period of 76 years, con- the distance of the moon from the earth, of Mercury
taining four corrected metonic periods, and which had from the moon, of Venus from Mercury, of the sun
its beginning at the summer solstice in the year 330 from Venus, of Mars from the sun, of Jupiter from
before Christ. But about this time, or rather earlier, Mars, and of Satarn from Jupiter; as likewise the di-
the Greeks having begun to plant colonies in Italy, stance of the fixed stars from the orbit of Saturn. That
Gaul, and Egypt, these became acquainted with the he made astronomical observations, is not to be doubt-
Pythagorean system, and the notions of the ancient ed; and it appears from an epigram of the poet Claun-
Druids concerning astronomy. Julius Caesar informs dian, that he invented a kind of planetarium, or orrery,
us, that the latter were skilled in this science; and torepresent the phenomena and motions of the heavenly
that the Gauls in general were able sailors, which at bodies. x4
that time they conld not be without a competent Hipparchus was the first who applied himself to the ©f Hippar.
kunowledge of astronomy : and it is related of Pythoas, study of every part of astronomy, his predecessors ba-chus
who lived at Marseilles in the time of Alexander the ving chiefly considered the motions and magnitades of
Great, that he observed the altitude of the sun at the the sun and moon. Ptolemy also informs us, that he
summer solstice by means of a gnomon. He is also first discovered the orbits of the planets to be eccen-
said to have travelled as far as Thule to settle the cli- tric, and on this hypothesis wrote a book against Eu-
12 mates. doxus and Calippus. He gives many of his observa-
State of 8- Afie {he death of Alexander the Great, science tions: and says, that by comparing one of his with
;'é;';,o?:,{:, flourished in Egypt more than in any other part of the another made by Aristarchus 145 years before, he
the death of world ; and a famous school was set up at Alexandria was enabled to determine the length of the year with
Alexander. under the auspices of Ptolemy Philadelphus, a prince great precision. Hipparchus also first found out the
.instructed in all kinds of learning, and the patron of anticipation of the moon’s nodes, the eccentricity of
all those who cultivated them ; and this school conti- her orbit, and that she moved slower in her apogee
nued to be the seminary of all kinds of literature, till than in her perigee. He collected the accounts of
the invasion of the Saracens in 650. Timocharis and such ancient eclipses as had been observed by the Chal-
Aryetillus, who first cultivated the astronomical science deans and Egyptians. He formed hypotheses con-
in this school, began to put it on a new footing ; being terning the celestial motions, and constructed tables of
much more careful in their observations, and exact in  those of the sun and moon, and would have done the
noting down the times when they were made, than same with those of the other planets if he could have
their predecessors. Ptolemy assures us, that Hippar- found ancient observations sulﬁcient for the purpose ;
chus made use of their observations, by means of but, these being wanting, he was obliged to content
which he discovered that the stars had a motion in himself with collecting fit observations for that purpose,
longitude of about one degree in an hundred years; and endeavouring to form theories of the five planets.
and he cites many of their observations, the oldest of By comparing his own observations on the Spica Vir-
which is before the erection of this school, in the year ginis with those of Timochares at Alexandria made 100
29§, when the moon just touched the northern star years before, he discovered that the fixed stars changed
in the forehead of the Scorpion; and the last of them their places, and bad a slow motion of their own from
was in the 13th year of Philadelpbus, when Venus west to east. He corrected the Calippic period, and
hid the former star of the four in the left wing of pointed out some errors in the method laid down by
Virgo. ratosthenes for measuring the circumference of the
From this time the science of astronomy continued earth. By means of geometry, which was now great-
greatly to advance. Aristarchus, who lived about 270 ly improved, he was enabled to attempt the calculation
years before Christ, strenuously asserted the Pythago- of the sun’s distance in a more correct maaner than
rean system, and gave a method of determining the di- any of his predecessors ; but unhappily it required so
stance of the sun by the moon’s dichotomy. Eratos- much accuracy in observation as was found impracti- 1
thenes, born at Cyrene in 271 B. C. determined the cable. His greatest work, however, was his catalogue Makes the
measure of a great circle of the earth by means of 8  of the fixed stars, which he was induced to attempt bylﬁ"" °:"'i"
gnomon. His reputation was so great, that he was the appearance of a new star. The catalogue is pre- e‘:lg:;m )
invited from Athens to Alexandria by Ptolemy Euer- served by Ptolemy, and contains the longitudes and la-
getes, and made by him keeper of the royal library at titudes of 1022 stars, with their apparent magnitudes.
that place. At his instigation the same prince set up He wrote also concerning the intervals between eclipses
those armillas or spheres, which Hipparchus and Pto- both solar and lunar, and is said to have calculated all
lemy the astronomer afterwards employed so successful- that were to happen for no less than 600 years from his
ly in observing the heavens. He alco found the distance  time. 16
between the tropics to be eleven such parts as the Little progress was made in astronomy from the time System of
-whole meridian contains eighty-three. About the same of Hipparchus to that of Ptolemy, who flourished in Ftole@r:
time Berosus a native of Chaldea, flourished at A- the first century. The principles on which his system
thens. He is by some said to have brought many ob- is built are indeed erroneous: but his work will al-
servations from Babylon, which are ascribed to the ways be valuable on account of the number of ancient
.13 Greeks; while others contend, that the latter owe ohservations it contains. It was first translated out of
3”:;'&""1&& or nothing of their astronomical knowledge to the Greek into Arabic in the year 827, and into La-

the Babylonians. The celebrated Archimedes, who
next to Sir Isaac Newton holds the first place among

tin from the Arabic in 1230. The Greek original
was unknown in Europe till the beginning of the 15th
century,
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History. century, when it was brought from Constantinople, then

taken by the Turks, by George a monk of Trapezond,
who translated it into Latin. Various editions were af-
terwards published : but little or no improvement was
made by the Greeks in this science.
During the long period from the year 800 to the
beginning of the 14th century, the western parts of
Europe were immersed in deep ignorance and barbarity.
However, several learned men arose among the Arabians.
The caliph Al Mansur was the first who introduced a
taste for the sciences in his empire. His grandson Al
Mamun, who ascended the throne in 814, was a great
encourager of the sciences, and devoted much of his own
time to the study of them. He made many astronomi-
cal observations himself, and determined the obliquity
of the ecliptic to be 23° 35'. He employed many able
mechanics in constructing proper instruments, which he
made use of for his observations ; and under his auspices
a degree of the earth was measured a second time in the
plsin of Singar, on the border of the Red sea. From
this time astronomy was studiously cultivated by the
Arabians ; and Elements of Astronomy were written
by Alferganos, who was partly cotemporary with the
caliph Al Mamun. But the most celebrated of all
their astronomers is Albategnius, who lived about the
ear of Christ 880. He greatly reformed astronomy,
y comparing his own observations with those of Ptole-
my. Thus he calculated the motion of the sun’s apo-
gee from Ptolemy’s time to bis own ; determined the
precession of the equinoxes to be one degree in 70 years;
and fixed the sun’s greatest declination at 23.35'. Find-
ing that the tables of Ptolemy required much correc-
tion, he composed new ones of his own fitted to the
meridian of Aracta, which were long held in estimation
by the Arabians. After his time, though several emi-
nent astronomers appeared among the Saracens, none
made any very valuable observations for several centu-
rics, exoepting Ebn Younis astronomer to the caliph of
Egypt; who observed three eclipses with such care, that
by means of them we are enabled to determine the quan-
tity of the moon’s acceleration since that time.
Other eminent Saracen astronomers were, Arzachel

Arabians for the present form of trigonometry. Me- History.

nelavs, indeed, an eminent Greek astronomer who
flourished about the year 9o, had published three hooks
of Spherics, in which he treated of the geometry ne-
cessary to astronomy, and which show great skill in the
sciences ; but his methods were very laborious, even
after they had been improved and rendered more sim-
ple by Ptolemy : but Geber the Arabian, instead of
the ancient method, proposed three or four theorems,
which are the foundation of our modern trigonome-
try. The Arabians also made the practice still more
simple, by using sines instead of the chords of double
arcs. The arithmetical characters they had from the
Tadians. : '

During the greatest part of this time, almost all Eu- Revi

rope continued ignorant not only of astmnom{ but of:‘g:::‘pz
I. first :

every other science. The emperor Frederick
began to encourage learning in 1230 ; restoring some
universities, and founding a new one in Vienna. He
also caused the works of Aristotle, and the Almagest
or Astronomical Treatise of Ptolemy, to be translated
into Latin ; and from the translation of this book we
may date the revival of astronomy in Europe. Two
}_«Izars after its publication, John de Sacro Bosco, or of

alifax, an Englishman, wrote .bis four books De
Sphera, which he compiled from Ptolemy Albateg-
nius, Alferganus, and other Arabian astronomers:
this work was so much celebrated, that for 300 years
it was preferred in the schools to every other; and has
been thought worthy of several commentaries, particu-
larly by Clavius in 1531. In 1240, Alphenso king of
Castile caused the tables of Ptolemy to be correct-
ed: for which purpose he assembled many persons .
ekilled in astronomy, Christians, Jews, and Moors; by
whom the tables called Alpkonsine were composed, at
the expence of 40,000, or according to others 400,000
ducats. About the same time Roger Bacon, an English
monk, published many things relative to astronomy ; par-
ticularly of the places of the fixed stars, solar rays, and
lunar aspects. Vitellio, a Polander, wrote a treatise on
Optics about 1270, in which he showed the use of re-
fractions in astronomy.

1

From this time to that of Purbach, who was born Impropve-
in 1423, few or no improvements were made in astro- ments of
vomy. He wrote a commentary on Ptolemy’s Al-Purbach.

a Moor of Spain, who observed the obliquity of the
ecliptic, and constructed tables of sines, or half chords
of double arcs, dividiug the diameter into 300 parts ;

and Alhazen, his cotemporary, who tirst showed the im-
portance of the theory of refractions in astronomy ;
writing also upon the twilight, the height of the clouds,
and the phenomenan of the horizontal moon.

Ulug Beg, a grandson of the famous Tartar prince
Timor Beg, or Tamerlane, was a great proficient in
practical astronomy. He is said to have had very large
instruments for making his observations ; particularly u
quadrant as high as the charch of Sancta Sophia at Con-
stantinople, which is 180 Roman feet. He composed
astronomical tables from his own observations for the
meridian of Samarcand his capital, so exact as to differ
very little from those afterwards constructed by Tycho
Brabe ; bt his principal work is his catalogue of the
fixed stars, made from his own observations in the year
of Christ 1437. The accuracy of his observations may

magest, some treatises on Arithmetic and Dialling,
with tables for various climates. He not only used
spheres and globes, but constructed them himself ; and
formed new tables of the fixed stars, reduced to the
middle of that age. He composed also new tables of
sines for every ten minutes, which Regiomontanus af-
terwards extended to every single minute, making the
whole sine 60, with 6 ciplers annexed. He likewise
corrected the tables of the planets, making new equa-
tious to them, because the Alphonsine tables were very
faulty in this respect. In his solar tables he placed the
sun’s apogee in the beginning of Cancer ; but retained
the obliquity of the ecliptic 23° 33¢/, to which it had
been reduced by the latest observations. He made
new tables for computing eclipses, of which he observed
some, and had just published a theory of the plancts,

be gathered from his determining the height of the pole
at Samarcand to be 39° 39’ 23",
Besides these improvements, we are indebted to the

when he died in 1461. 10
Jobn Muller of Monteregio (Koningsberg), a town, Of Regio-
of Franconia, from whence he was called Regiomonta- montaius, .
‘ nus,
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nus, was the scholar and successor of Purbach. He
completed the epitome of Ptolemy’s Almagest which
Purbach had begun; and after the death of the latter,

‘went to Rome, where he made many astronomical ob-

servations. Having returned to Nuremberg in 1471,
he was entertained by a wealthy citizen named Ber-

“nard Walther, who having a great love for astronomy,

L1
Of Weener.

caused several instruments to be made under the direc-
tion of Regiomontanus, for observing the altitude of
the sun and stars, and other celestial phenomena. A-
mong; these was an armillary astrolabe, like that which
had been used by Hipparchus and Ptolemy at Alexan-
dria, and with which many observations were made.
He also made ephemerides for 30 years to come, show-
ing the lunations, eclipses, &c. He wrote the Theory
of the Planets and Comets, and a Treatise of Triangles
yetin repute for several extraordinary cases. He is said
to have been the first who introduced the use of tangents
into trigonometry ; and to have published in print (the
art of printing having been lately invented) the works
of many of the most c:elebmt:edy ancient astronomers.
After bis death, which happened at Rome, Walther
made a diligent search for all his instruments and papers
which could be found: and continued his observations
with the instruments he had till his death. The obser-
vations of both were collected by order of the senate of
Nuremberg, and published there by John Scloner in
1544 ; afterwards by Snellius at the end of the Obser-
vations made by the landgrave of Hesse in 1618 ; and
lastly, in 1666, with those of Tycho Brahe. Walther,
however, as we are told by Snellius, found fault with
bis armilla, not being able to give any observation with
certainty to less than ten minutes. He made use of a
good clock, which also was a late invention in those
days.

?Iohn Werner, a clergyman, succeeded Walther as
astronomer at Nuremberg ; having applied himself with
great assiduity to the study of that science from his in-
fancy. He observed the motion of the comet in 1 5003
and published several tracts, in which he bandled ma-
ny capital points of geometry, astronomy, and geo-
graphy, in a masterly manner. He published a trans-
lation of Ptolemy’s Geography, with a commentary,
which is still extant. In this he first proposed the me-
thod of finding the longitude at sea by observing the
moon’s distance from the fixed stars ; which is now so
successfully put in practice. He also published many
other treatises on mathematics and geograpby ; but the
most remarkable of all his treatises, are those concern-
ing the motion of the eighth sphere or of the fixed
stars, and a short theory of the same. In this he show-
ed, by comparing his own observations of the stars Re-
gulus, Spica Virginis, and the bright star in the south-
ern scale of the Balance, made in 1514, with the pla-
ces assigned to the same stars by Ptolemy, Alphonsus,
and others, that the motion of the fixed stars, now
called tke precession of the equinoctial points, is one de-
gree ten minutes in 100 years, and not one degree on-
ly, as former astronomers had made it. He made the
obliquity of the ecliptic 23° 28’, and the first star of
Aries 26° distant from the equinoctial point. He also
constructed a planetarium representing the celestial mo-
tions according to the Ptolemaic hypothesis, and made
a great number of meteorological observations with a
view towards the prediction of the weather. The ob-

liquity of the ecliptic was settled by Dominic Maria
the friend of Copernicus, at 23° 29', which is still held
to be just.

The celebrated Nicholas Copernicus next makes bis

Part
Histor
{ SEE

2z
Pytbago

appearance, and is undoubtedly the great reformer ofFe2n syt

the astronomical science. He was originally bred to
the practice of medicine, and had obtained the degree
of doctor in that faculty : but baving conceived a great
regard for the mathematical sciences, especially astro-
nomy, he travelled into Italy, where he for some time
was taught by Dominic Maria, or rather assisted him
in his astronomical operations. On his return to
his own country, being made one of the canons of
the church, he applied himself with the utmost assidui-
ty to the contemplation of the heavens, and to the stu-
dy of the celestial motions. He soon perceived the de-
ficiency of all the hypotheses by which it had been at-
tempted to account for these motions ; and for this rea-
son he set himself to study the works of the ancients,
with all of whom he also was dissatisfied excepting Py-
thagoras; who, as has been already related, placed
the sun in the centre, and supposed all the planets,
with the earth itself, to revolve round him. He in-
forms us, that he began to entertain these notions about
the year 1507 ; but not being satisfied with stating the
general nature of his hypothesis, he became desirous of
determining the several periodical revolutions of the
planets, and thence of constructing tables of their mo-
tions which might be more agreeable to truth than
those of Ptolemy and Alphonsus. The observations
he was enabled to make, however, must have been ex-
tremely inaccurate : as he tells us, that if with the in-
struments he made use of he should be able to come
within ten minutes of the truth, he would rejoice no
less than Pythagoras did when he discovered the pro-
portion of the hypothenuse to the other two sides of a
right-angled triangle. His work was completed in the
year 1530; but he could not be prevailed upon to
publish it till towards the end of his life, paitly through
diffidence, and partly through fear of the offence
which might be taken at the singularity of the doc-
trines set forth in it. At last, overcome by the im-
portunities of his friends, he suffered it to be published
at their expence, and under the inspection of Schoner
and Osiander, with a dedication to Pope Paul 111, and
a preface, in which it was attempted to palliate as
much as possible the extraordinary innovations it con-
tained. During the time of its publication the au-
thor himself was attacked with a bloody flux, succeeded
by a palsy; so that he received a copy only a few
hours before his death, which happened on the 23d of
May 1543.

After the death of Copernicus, the astronomical
science was greatly improved by Schoner, Nonius, Ap-
pian, and Gemma Frisius. Schoner survived Coper-
nicus only four years; however, Le greatly improved
the methods of making celestial observations, reformed
and explained the calendar, and published a treatise of
cosmography. Nonius bad applied bimself very early
to the ctudy of astronomy and navigation ; but finding
the instruments at that time in use excessively inaccu-
rate, he applied himself to the invention of others
which should be less liable to inconvenience. Thus he
invented the astronomical quadrant, in which he divid-
ed the degrees into minutes by a number of concentric

circles,

restored

Copernic
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History. circles. The first of these was divided into 9o equal
‘e—y~— parts, the second into 89, the third into 88, and so
on, as low as 46 ; and thus, as the index of the qua-
drant would always fall upon one or other of the divi-
sions, or very near it, the minutes might be known by
computation. He published many treatises on ma-
thematical subjects, particularly one which detected
the errors of Orontius, who had imagined that bhe
could square the circle, double the cube, &c. by find-
ing two mean proportionals betwixt two right lines.
Appian’s chief work was entitled The Cesarcan Astro-
momy; and was published at Ingolstadt in 1§40, de-
dicated to the emperor Charles V. and his brother
Ferdinand. In this he showed how to resolve astrono-
mical problems by means of instruments, without either
calculations or tables; to observe the places of the
stars and planets by the astrolabe ; and to foretel
eclipses and describe the figures of them : the whole
illustrated by proper diagrams. In his second book
he describes the method of dividing an astronomical
guadrant, and of using it properly. His treatise con-
cludes with the observation of five comets. Gemma
Frisius wrote a commentary on a work of Appian ea-
titled his Cosmography, with many observations of eclip-
ses. He invented also the astronomical ring, and se-
veral other instruments, which, though they could not
boast of much exactness superior to others, were yet of
considerable utility in taking observations at sea ; and
be is also memorable for being the first who proposed a
time keeper for determining the longitude at seas—
George Joachim Rheticus was a scholar of Copernicus,
to attend whose lectures he gave up his professorship of
mathematics at Wittemberg. For the improvement of
astronomical calculations, he began to construct a table
of sines,’ tangents, and secants, for every minute and
ten seconds of the quadrant. In this work he first
showed the use of secants in trigonometry, and greatly
enlarged the use of tangents, first invented by Regio-
montanus ; but he assigned for the radius a much larger
number of places than had been done before, for the
greater exactness of calculation. This great work he
did not live to accomplish ; but it was completed by his
disciple Valentine Otho, and published at Heidelberg

in 1594. )
sevendil.  During this century, the list of astronomers was dig-
Jstrious  nified by some ve‘l}y illustrious names. About the year
pevwonsap- 1561, William IV, landgrave of Hesse Cassel, applied
ply to the  Limeelf to the study of astronomy. With the assistance
::':: of & of Rothman and Burgius, the former an astronomer, the
V" latter an excellent mathematical instrument-maker, he
erected an observatory on the top of his palace at Cassel,
and furnished it with such instruments as were then in
nse, made in the best manner the artists of that age
could execute. With these he made a great number of
observations, which were by Hevelius preferred to
those of Tycho Brahe, and which were published by
Suellius in 1618. From these observations he deter-
mined the longitudes and latitudes of 4co stars, which
he inserted in a catalogue where their places are recti-

fied to the beginning of the year 1593.

Ohe::;- Tycho Brahe began his observatione about the same
tiomsof  time with the landgrave of Hesse, already mentioned.
:‘::::. He observed the great conjunction of Saturn and Ju-

piter in 1563 ; and finding the instruments he could
procure very inaccurate, be made a quadrant capable
Vor. IIL. Part L +
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of showing single minutes, and likewise a sextant four * gyistory.
cubits radius. In 1§71, he discovered a new star in ‘e—y——
the chair of Cassiopeia ; which induced him, like Hip-
parchus, to make a catalogue of the stars. This contain-
ed the places of 777 stars, rectified to the year 1600}
but instead of the moon, which was used by the ancients
to connect the places of the sun and stars, Tycho sub-
stituted Venus, as having little or no parallax, and yet
being like the moon visible both day and night. By
the recommendation of the laudgrave of Hesse, he
obtained from the king of Denmark the island of Hu-
enna, opposite to Copenhagen, where an observatory

was built.  The first stone of this building, afterwards o
called Uraniburg, was laid in the year 1576. It wasAccount of
of a square form, one side of it being about 6o feet in Uranibarg,
length ; and on the east and west sides were two round |\ "
towers of 33 feet diameter each. The instruments'
were larger and more solid than had ever been seen be-

fore by any astronomer. They consisted of quadrante,
sextants, circles, semicircles, armille both equatorial and
zodiacal, parallactic rulers, rings, astrolabes, globes,

clocks, and sun-dials. These instruments were so di-

vided as to show single minutes ; and in some the arch

might be read off to 10 seconds. Most of the divisions
were diagonal : but Le had one quadrant divided ac-
cording to the method invented by Nonius ; that is, by
47 concentric circles. The whole expence is eaid to
bave amounted to 200,000 crowns. The method of
dividing by diagonals, which Tycho greatly admired,

was the invention of Mr Richard Chanceler, an Eng-
lishman: Tycho, however, shows, that it is not accu-
rately true when straight lines are employed, and the
circles at equal distances from each other ; but that it

may be corrected by making circular diagonals, which
j continued would pass through the centre.
Tycho employed his time at Uraniburg to the best
advantage; but falling into discredit on the death of
the king, he was obliged to remove to Holstein, and at
last found means to get himself introduced to the em-
peror, with whom he continued to his death. He is
well known to bave been the inventor of a system of
astronomy, which bears his name; and which he
vainly endeavoured to establish on the ruins of that
of Copernicus : but the simplicity and evident conso-
nancy to the phenomena of nature, displayed in all
parts of the Copernican system, soon got the better of
the unnatural and complicated system of Tycho., His
works, however, which are very numerous, discover him
te have been a man of vast abilities. After his death
the castle of Uraniburg quickly fell to decay, and in-
deed seems to have been purposely pulled down ; for,
in 1652, when Mr Huet went to Sweden, it was almost
level with the ground, and few traces of the walls could
be discerned. None of the neighbouring inbabitants
had ever heard of the name of Tycho or Uraniburg,
excepting one old man, whom Mr Huet found out
with great difficulty, and who bad been a servant in
the family ! All the discoveries of Purback, Regiomon-
tanus, and Tycho, were collected and published in the
ear 1621, by Longomontanus, who had been Tycho's
WWhil Tycho' resided at P b the .y
While Tycho resided at Prague with the emperor,

he invited tyhitber Jobn Kepler,g:fterwatds 80 fﬂenou:B Kepler.
for his discoveries. Under the tuition of so great
an astronomer, tho.latterc quickly made an amazing

peogress.
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and their motions uniform : on the contrary, he per-
ceived, from his own observations, that they were el-
liptical, and their motions unequal, having the sun in
one of the foci of their orbits ; but that, however they
varied in absolute velocity, a line drawn from the cen-
tre of the sun to the planet, and revolving with it,
would always describe equal areas in equal times. He
discovered, in the year 1618, that the squares of the
periodical times are as the cubes of the distances of the
planets ; two laws which have been of the greatest im-
portance to the advancement of astronomy. He seems
to have had some notion of the extensive power of the
principle of gravity: for he tells us, that gravity is a
mutual power betwixt two bodies; that the moon and
earth tend towards each other, and would meet in a
point nearer the earth than the moon in the proportion
of the superior magnitude of the former, were they not
hindered by their projectile motions. He adds also,
that the tides arise from the gravitation of the waters
towards the moon : however, he did not adhere steadily
to these principles, but afterwards substituted others as
the causes of the planetary motions.

Cotemporary with Kepler were Mr Edward Wright,
and Napier baron of Merchiston. To the former we
owe several very good meridional observations of the
sun’s altitude, made with a quadrant of six feet radius,
in the years 1594, 1§95, and 1596 ; from which he
greatly improved the theory of the sun’s motion, and
computed more exact tables of his declination than
had been done by any person before. He published
also, in 1599, an excellent treatise, entitled, ¢ Cer-
tain Errors in Navigation discovered and detected.”
To the latter we are indebted for the kunowledge of
logarithms ; a discovery, as was justly observed by Dr
Halley, one of the most useful ever made in the art of
numbering. John Bayer, a German, who lived about
the same time, will ever be memorable for his work,
entitled, Uranometria, which is a very complete ce-
lestial atlas, or a collection of all the constellations vi-
sible in Europe. To this he added a nomenclature, in
which the stars in each constellation are marked with
the letters of the Greek alphabet ; and thus every star
in the heavens may be referred to with the utmost pre-
cision and exactness. About the same time also, astro-
nomy was cultivated by many other persons; abroad,
by Muginus, Mercator, Maurolycus, Homelius, Schul-
tet, Stevin, &ec.; and by Thomas and Leonard Digges,
Jobn Dee, and Robert Flood, in England : but none
of them made any considerable improvement.

The beginning of the 19th century was distinguish-
ed not only by the discovery of logarithms, but by
that of telescopes; a sort of instruments by which
astronomy was brought to a degree of perfection utter-
ly inconceivable by those who knew nothing of them.

He discovered spots on the sun, by means of which he
found out the revolution of that luminary on his axis;
and he discovered also that the milky way and nebulee
were full of small stars. It was not, however, till
some time after these discoveries were made, that Ga-
lileo and others thought of applying the ohservations
on Jupiter’s satellites to the purpore of finding the lon-
gitude of places on the surface of the earth ; and even
ufter this was thought of, astronomers found it so dif-
ficult to construct tables of their motions, that it was
not till after many observations had been made in
distant places of t{e world, that Cassini was able to _
determine what positions of the satellites were most’
proper for finding out the longitude. At last he per-
ceived that the entrance of the first satellite into the
shadow of Jupiter, and the exit of it from the same,
were the most proper for this purpose : that next to
these the conjunctions of the satellites with Jupiter, or
with one another, may be made use of ; especially when
any two of them, moving in contrary directions, meet
with each other: and lastly, that observations on the
shadows of the satellites, which may be seen on the
disk of Jupiter, are useful, as also the spots which are
seen upon his face, and are carried along it with greater
velocity than has bitherto been discovered in any of the
other heavenly bodies.

While astronomers were thus busy in making new

discoveries, the mathematicians in different countries mic tables
were no less earnestly employed in constructing loga- compused.

rithmic tables to facilitate their calculations. Benja-
min Ursinus, an excellent mathematician of Branden-
burg, calculated much larger tables of logarithms than
bad been done by their noble inventor, and published
them in 1625. They were improved by Henry Briggs,
Savilian professor of Oxford ; who by making unity the
logarithm of ten, thus rendered them much more con-
venient for the purposes of calculation. Logarithmic
tables of sines and tangents were also composed by Mr
Briggs aud Adrian Vlacq at Goude, so that the busi-
ness of calculation was now rendered nearly as easy as
possible.

In 1733, Mr Horrox, a young astronomer of verym:&d
extraordinary talents, discovered that Venus would pass Veaus nst
over the disk of the sun on the 24th of November:::'l"eﬁi

1639. This event he announced only to one friend,
a M% Crabtree ; and these two werc the only persons in
the world who observed this trausit the first time it had
ever heen viewed by human eyes. Mr Horrox made
many useful observations at the time ; and had even
formed a new theory of the mdon, so ingenious as to
attract the notice of Sir Jsaac Newton : but the hopes
of astronomers from the abilities of this excellent young
man were blasted by his death in the beginning of Ja-
nuary 1640.

About the year 1638 many learned men began top 3
assemble at P)aris in %rder toy hold conferences g: dif- 5‘033 .‘l::
ferent scientific subjects, which was the first foundation demy of
of the Royal Academy of Sciences in that capital, Sciences st
This practice was introduced in France by Mersennus, ll;:;:l.;:- '
and soon after at London by Oldenburg ; which laid ety o

the foundation of the Royal Society there. About London.

The question concerning the inventor is discussed under
the article OPTICS; but whoever was entitled to this
merit, it is certain that Galileo was the first who
brought them to such perfection as to make any con-
sidcrable discoveries in the celestial regions. 'With in-
struments of his own making, Galileo discovered the
inequalities in the moon’s surface, the satellites of Ju- )
piter, and the ring of Saturn; though this last was this time also the celebrated astronomer Hevelius flou-
unknown to him after he had seen it, and the view he rished at Duntzic, building an observatory in hll:o own

3 usc,
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the rays, as was then supposed, by the spherical figure mistory.
of the glass. To obviate these inconveniences, Mer- ———

house, and furnishing it with excellent instraments of
his own construction ; particularly octants and sextants
of brass of three and four feet radius, as well as te-
lescopes, with which he censtantly observed the spots
and phases of the mcon, and from which observations
be afterwards compiled his excellent and beautiful work
entitled Selenographia. This noble building, together
with all the books aud instruments it contained, was
consumed by fire on the 26th of September 1679 ;
but the memory, as well as the form and construction
of the instruments, is preserved in a curious work of
the ingenious inventor, entitled Mackins Calestis;
though almost the whole impression of this book was in-
volved in the same fate with the instruments it describes.
The damage sustained on this occasion was estimated at
30,000 crowns.

The celebrated English mechanic Dr Hooke, who
was cotemporary with Hevelius, bad in the mean time
invented instruments with telescopic sights, which he
preferred to those used by Hevelius so much, that a
dispute commenced, which procared Hevelius a visit
from Dr Halley. The latter bad at that time taken
a voyage to St Helena, at the desire of the Royal So-
ciety, in order to observe and form a catalogue of the
stars in the southern hemisphere. The result of his
observations with Hevelius’s instruments was, that
three several observations on the Spica Virginis and
Regulus differed only a few seconds from each other.
They were the invention of Tycho Brahe, and are
described under the article OpTIcs. At this visit Hal-
ley and Hevelius observed an occultation of Jupiter by
the moon, and determined the diameter of the latter
to be 30/, 33".

In 1671 the royal observatory in Paris was finished,
and the use of it assigned to Mr ini, after it had been
furnished with instruments at a very great-expence : and
the observatory at Greenwich being likewise built five
vears after, Mr Flamstead was appointed astronomer-
royal. The observations in both these places, bowever,
have been so numerous, that it is in vain to attempt any
account of them. .

Before the middle of the.17th century the construc-
tion of telescopes had been greatly improved, particular-
ly by Fontana and Huygens. The latter conatructed
one of 123 feet, which is still preserved in the museum
of the Royal Society at London. With this he observed
the moon and planets for a long time, and discovered
that Saturn was encompassed with a ring. The French,
however, still outdid the English artists; and by means
of telescopes of 200 and 300 feet focus, Mr Cassini was
enabled to see all the five satellites of Saturn, bis belts,
and the shadows of Jupiter’s satellites passing over his
body. In 1666 Mr Azout applied a micrometer to te-

lescopes, for the purpose of measuring the diameters of -

the planets, and small distances in the heavens; how-
ever, an instrument of this kind had been before invent-
ed by Mr Gascoigne, though it was but little known
abroad.

Notwithstanding all these discoveries by means of
telescopes, it was evident that they still continued in
a very imperfect state, and their imperfections at the
time appeared to be without remedy. One defect
was the enormous length requisite to admit of any very
considerable magnifying power; and another was the
incorrectness of the image arising from the aberration of

sennus is said to have first proposed, in a letter to
Descartes, the use of reflectors instead of lenses in
the construction of telescopes ; but this be did in such
an obscure manner, that the latter laboured to persvade
him of the falsehood of the principle on which his
scheme was foundeds In 1663, however, James Gre-
gory of Aberdeen showed bow such a telescope might
be constructed. He showed also, that, in order to
form a perfect image of ah object in this manner, the
figure of the speculum ought to be parabolic; but Sir
Isaac Newton, who applied himself to the framing of
telescopes of the reflecting kind, found it impracticable
to grind them of the desired figure. Laying aside the
idea of reflecting telescopes, therefore, he applied him-
self to the execution of a scheme formed by Descartes,
viz. that of grinding lenses of the figure of one of the
conic sections. In prosecuting this plan, he discovered,
that the greatest errors to which telescopes were subject
arose from the different refrangibility of the rays of light,
for which he could not then find any remedy. ile there-
fore returned to the scheme he had just abandoned ; and,
in the year 1672, presented to the Royal Society two
reflectors which were constructed with spherical spe-
culums, as he could not procure any other. The in-
conveniences arising from the different refrangibility of
the rays of light, have since been in the fullest manner
corrected by Mr Dollond, the excellency of whose
achromatic telescopes is too well known to need any en-
comium.

About the beginning of the 18th century, the
practical part of-astronomy seemed to languish for want
of proper instruments. l{oemer, indeed, had invented
some new ones, and Dr Hooke had turned his atten-
tion towards this subject in a very particular manner }
but either through want of skill in the artiets, or some
other unfortunate circumstance, it happened that no-
thing effectual was done. But at the very time when
this was the case with practical astronomy, the specu-
lative part was carried in a manner to its utmost
pitch by the labours of the immortal Newton, whose
Principia gave an entire new face to the science, It
was not, however, for many years relished by the
foreign philosophers, though almost immediately adopt-
ed at home, and has continued ever since to spread its
reputation farther and farther, so that now it is in a
manner established all over the world. “But (says
Dr Long) that, after Newton’s system had for so long
a time been neglected, it should all at once be uni-
versally received and approved of, is not to be attri-
buted to chance, or the caprice of fashion, as some who
are ignorant of it are apt to think, and from thence
to expect that some other system will hereafter take its
place, and bury it in oblivion. The system of New-
ton, like that of Copernicus, is so agreeable to the phe-
nomena of nature, and so well put together, that it must
last as long as truth and reason endure, although some
may perhaps bring the word attraction into disuse ; and
though it may no longer be thought inherent in mat.
ter, yet the laws of gravitation, as they are now called,
and on which this system is founded, will never be for-
gotten.”

It was also in Britain that the first improvements in
astronomical instruments took place. The celebrated

-Ca mechanic
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I3istary. mechanic and watchmaker, Graham, carried the accu-
‘=~ racy of his instruments to a degree which surprised every

Part

na. He enjoyed his office more than 40 yeare, making EFissory

many observations on the sun, moon, planets, and co- ‘mm———
32

one. He also greatly improved the principles of watch-

mets, and greatly amended the elements of their mo-

::M' work, and made clocks to go with much greater regu- tions ; though the result of his labours was much in-
ments frst Jarity than before. The old eight-feet mural arch at ferior to Mr Flamstead’s. The office was continued in

jmproved in Greenwich was also constructed by him; as was a

Englaud. gmall equatorial sector for making observations out of celebrated Danish astronomer, first discovered the pro-
the meridian ; but he is chiefly remarkable for con- gressive motion of light by ohserving the eclipses of Ju-
triving the zenith sector of 24 feet radius, and after- piter, and read a dissertation upon it before the Royal
wards one of 12} feet, by which Dr Bradley discover- Academy of Sciences at Paris in the year 1675. Hs
ed the aberration of the fixed stars. The reflecting was also the first who made use of a meridional tele-
telescope, which had been invented by Gregory, and scope. :
executed by Newton, was greatly improved by Mr Had- Mr Flamstead was succeeded in 1719 by Dr Halley,
ley, and a very complete and powerful instrument of ¢ the greatest astronomer (says h de la Lande)
that kind was presented to the Royal Society in 1919.  withoot contradiction in England ;” and, adds Dr
The same gentleman has alse immortalized his memory Long, “ I believe he might have said in the whole
by the invention of the reflecting quadrant, which he world.” He had been sent, at the age of 21, by
presented to the Society in 1731, which is now in uni- King Charles II. to the island of St Helena, in order
versal use at sea ; and without which all improvements to make a catalogue of the southern stars, which was

~of the lunar theory would have been useless for deter- published in 1679. In 1705, he published his Synop-
mining the longitude, through the want of an instru. sis Astronomie Cometice, in which, after immense cal-
ment proper to make the observations with. It how- culation, he ventured to predict the return of one in
ever appears, that an instrument, exactly similar to this 1758 or 1759. He also published many learncd dis-
in its principles, had been invented by Sir Isaac New- sertations in the Philosophical Transactions concerning
ton, and a description of it, together with & drawing, the use that might be made of the next transit of Ve-
given by the inventor to Dr Halley, when he was pre- nus in determining the distance of the sun from the
paring for his voyage to discover the variation of the earth. He was the first who discovered the accelera-
needle in 1701,  About the middle of this century, tion of the moon, and gave a very ingenious method
the constructing and dividing of large astronomical in- of finding her parallax by three observed phases of a
struments was cdiried to a great degree of perfection solar eclipse. He composed tables of the sun, moon,
by Mr John Bird ; reflecting telescopes were equally and all the planets ; and, in the nine years in which he
improved by Mr Short, who first executed the dividled was at Greenwich, made near 1§00 observations of the
object-glass micrometer. This had indeed been thought moon ; all which he compared with the tables, and
of by M. Louville, and several other persons long be- noted the differences; and these, he thought, would
fore ; and a description of one nearly agreeing with return in about 18 years. He recommendéd the
that of Mr Short had been published in the Philoso- method of determining the longitude by means of
phical Transactions for 1753 : but had it not been for the moon’s distance from .the sun and certain fixed
the great skill of Mr Short in figuring and centering stars. He was convinced of its soperior excellence 3
glasses of this kind, it is very probable the scheme and it has since been adopted by all the most emi-
might never have been executed. About this time nent astronomers in Furope. It is at present the enly
also Mr Dollond brought refracting telescopes to euch  sure guide to the mariner; and the great perfection
perfection, that they became superior to reflectors of to which it is now brought is much owing to the in~
equal length ; though all of them are now excelled by dustry and exertions of Dr Maskelyne, the present
those of Mr Herschel, whose telescopic discoveries have astronomer-royal, to whom we are indebted for the pub-
been far more numerous and surprising than those of lication of the Nautical Almanack, the Requisite Ta-~
33  any other astronomer. bles, and other works of the ntmost service to practical

Jmprove- e shall close this history with & chort account of the astronomy. 3

ments  labours of the principal astronomers since the building the In the mean time an attempt was made in France to Tree fgure

h"‘f"" this roval observatories at Paris and Greenwich, and the ap-  measure s degree of the earth, which occasioned a very of the eartk

."’.en- pointment of Mr Flamstead to the office of astronomer warm dispute concerning the figure of it. Cassini, disc®

royal. This gentleman not only made observations on the
sun, moon, planets, and comets which appeared in his
time, but on the fixed stars also, of which he gave a cata-
logue of 3000 ; many of them so small that they cannot
be discerned without the help of a telescope : he also
published new solar tables, and a theory of the moon ac-
cording to Horrox. He published a very curious tract
on the doctrine of the sphere, in which be shewed how
to construct eclipses of the sun and moon, as well as
occultations of the fixed stars by the moon, geemetri-
cally ; and it was upen his observations that Halley’s
tables and Newton’s theory of the moon were con-
structed. Mr Cassini also distinguished himself very
considerably. He erected the gnomon, and drew the
famous meridian line in the church of Petronia at Bolog-
]

his family, and his grandson still enjoys it. Rcemer, a

from Picart’s measure, concluded that the earth was
an oblong spheroid ; but Newton, from a considera-
tion of the laws of gravity and the diurnal motion of
the earth, bad determined the figure of it to be an ob-
late spheroid, and flatted at the poles. To determine
this point, Louis XV. resolved to have two degrees
of the meridian measured ; one under, or very nearthe
equator ; and the other as near the pole as possible.
For this purpose the Royal Academy of Sciences sent
M. Maupertuie, Clairault, Camus, and Le Moniers, to
Lapland. They were accompanied by the abbé Ou-
thier, a correspondent of the same academy. They
were joined by M. Celsius professor of anatomy at Up-
sal ; and having set out from France in the spring of
the year 1736, returned te it in 1737, after baving

fully
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Accurate tables for Jupiter’s satellites were also com- History.
posed by Mr Wargentin, a most excellent Swedish ‘==———v'

fully accomplished their errand. On the southern ex-

——~— pedition were despatched M. Godin, Condamine, and
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Bouguer, to whom the king of Spain joined Don
George Juan and Don Anthony de Ulloa, two very
ingenious gentlemen and officers of the marine. They
Jeft Europe in 1735; and after enduring innumerable
bardships and difficulties in the execation of their com-
mission, returned to Europe at different times, and by
different ways, in the years 1744, 1745, and 1746.
The result of this arduous task was a confirmation of
Newton’s investigation. Picart’s measure was revised
by Cassini and De la Caille ; and, after his errors were
corrected, it was ‘found to agree very well with the
other two. On this occasion too it was discovered, that
the attraction of the great mountains of Peru had an
effect on the plumb-line of one of their largest instru-
ments, drawing it seven or eight seconds from the true
perpendicular.

Dr Halley, dying in 1742, was succeeded by Dr
Bradley, who, though inferior as a mathematician,
greatly exceeded him as a practical astronomer. He
was the first who made observations with an accuracy
sufficient to detect the lesser inequalities in the motions
of the planets and fixed stars. Thus he discovered the
aberration of light, the nutation of the earth’s axis, and
was able to make the lunar tables much more perfect
than they bad ever been. He also observed the places,
and computed the elements of the comets which ap-
peared in the years 1723, 1736, 1743, and 1757. He
made new and most accurate tables of the motions of
Jupiter’s satellites, from his own ohservations and those
of Dr Pound ; and from & multitude of observations of
the sun, moon, and stars, was enabled to give the most
accurate table of mean refractions yet extant, as well
as the best methods of computing the variations of those
refractions arising from the different states of the air as
indicated by the thermometer and barometer. In 17350,
baving proeured a very large transit instrument made
by Mr Bird, and a new mural quadrant of brass eight
feet radius, be began to make observations with re-
doubled industry ; so that betwixt thia time and his
death, which happened in 1962, he made observations
for settling the places of all the stars in the British ca-
talogue, together with near 1§00 places of the moon,
much the greater part of which he compared with the
tables of Mr Mayer.

In the mean time the French astronomers were assi-
duous in their endeavours to promote the science of
astronomy. The theory of the:moon, which had been
given in a general way by Sir Isaac Newton, began to
be particularly considered hy Messrs Clairault, D’Alem-
bert, Euler, Mayer, Simpson, and Walmsly; though
Clairault, Euler, and Mayer, distinguished themselves
beyond any of the rest, and Mr Euler has been particu-
Jarly happy in the arrangement of his tables for the ease
and expedition of computation. He was excelled in
exactness, however, by Mayer, who published his ta-
bles in the Gottingen Acts for 1753. In these the
errors in longitude never exceeded two minutes ; and
having !et farther improved them, he sent a copy to
the lords of the British admiralty in 17563 and it
was this copy which Dr Bradley compared with his ob-
servations, as already mentioned. His last corrections
of them were afterwards sent over by his widow ; for
which she and her cbildren received a reward of 3000l

astronomer, and published in the Upsal Acts in 1741
which bave since been corrected by the author in such,
a manner as to render them greatly superior to any ever
published before.

. 3
Amongst the many French astronomers who contri- Of M. de
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buted to the advancement of the science, we are parti-la Caills.

cularly indebted to M. de la Caille, for a most excel-
lent set of solar tables, in which he has made allowances
for the attractions of Jupiter, Venus, and the moon.
In 1750 be weat to the Cape of Good Hope, in order to
make observations in concert with the most celebrated
astronomers in Europe, for determining the parallax of
the moon, as well as of the planet Mars, and from
thence that of the sun; from whence it appeared that
the parallax of the sun could not greatly exceed 10 se- .
conds. Here be re-examined and adjusted the places -
of the southern stars with great accuracy, and mea-
sured a degree of the meridian at that place. In Italy
the science was cultivated with the greatest assiduity by
Signior Bianchini, Father Boscovich, Frisi, Manfred:,
Zaootti, and many others ; in Sweden by Wargentin
already mentioned, Blingenstern, Mallet, and Plan-
man ; and in Germany, by Euler elder and younger,
Mayer, Lambert, Grischow, &c. In the year 1760
all the learned societies in Europe began to prepare for
observing the transit of Venus over the sun, foretold by
Dr Halley upwards of 80 years before it happened,
showing, at the same time, the important use which
might be made of it. Unfortunately, however, for the
cause of science, many of the astronomers sent out to
observe this phenomenon were prevented by unavoid-
able accidents from reaching the places of their desti-
nation, and others were disappointed by the badness of
the weather.. It happened also,.that the circumstances
of the phenomenon were much less favourable for the

purpose of determining the sun’s parallax than had been .

expected by Dr Halley, owing to the fanlts of the
tables he bad made use of : so that, notwithstanding
all the labours of astronomers at that time, they were
not able to determine the matter : and even after their
observations in 1769, when the circumstances of the

transit were more favourable, the parallax of the sun .

remained still uocertain,

Dr Bradley was succeeded in his office of astrono-
mer-royal by
at Oxford ; who, being in a very declining state of
health at the time of his accession to the office, did not
enjoy it long. He was succeeded by the learned Nevil:

askelyne, D. D. the present astronomer-royal, whoss
name will be rendered immortal l:{ his assiduity and
success in bringing the lunar method of determining the
longitude at sea into general practice.

Buch was the general state of astronomy, when Dr
Herschel’s gréat discovery of augmenting the power of
telescopes, beyond the most sanguine bopes of astrono-
mers, opened at once a scene altogether unlooked for.
By this indefatigable observer we are made acquainted
with a new primary planet attended by six seconda-
ries belonging to our solar system ; so that the latter

now appears to have double the bounds formerly assign- .

ed to it ; this new planet being at least twice the di-
stance of Saturn from the sun,

r Bliss, Savilian professor of astronomy .

In the still farther di- .
atant celestial regions, among the fixed stars, his obser- .
vations .,
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History. Vations are equally surprising ; of which we shall only liarly calculated to inspire an ardent desire of seeing so Hlistory.
~———— say with Dr Priestley*®, ¢ Mr Herschel’s late disco- great a scene a little more unfolded. Such discoveries \mmmmy ———

:ME-’(')?;" veries in and beyond the bounds of the solar system,
ol vi. TV the great views that he has given of the arrangement
Pref. of the stars, their revolutions, and those of the im-

- mense systems into which they are formed, are pecu.

as these give us a higher idea of the value of our be-
ing, by raising our ideas of the system of which we are
a part ; and with this an earnest wish for the continu«
ance of it.”

PART II. OF THE APPARENT MOTIONS OF THE HEAVENLY BODIES.

WHEN we cast our eyes up towards the heavens, we
perceive a vast hollow hemisphere at an unknown di-
stance, of which our eyes seem to constitute the centre,
The earth stretches at our feet like an immense plain,
and at a certain distance appears to meet and to bound
the heavenly hemisphere. Now the circle all around,
where the earth and the heavens seem to meet and touch
each other, is called the Aorszon. We can scarcely avoid
supposing, that besides the hemisphere which we per-
ceive, there is another, exactly similar, concealed from
our view by the earth, and that the earth, therefore,
is somehow or other suspended in the middle of this

" heavenly spherc, with all its inbabitants, A little ob-
servation turns this suspicion into certainty. For in a
clear evening the heavenly hemisphere is seen studded
with stars, and its appearance is changiog every instant.
New stars are continually rising in the east, while others

-in the mean time are setting in the west. Those stars;
that, towards the beginning of the evening, were just
seen above the eastern horizon, late at night are seen
in the middle of the starry hemisphere, and may be
traced moving gradually westward, till at last they sink
altogether under the horizon. If we look to the north,
we soon perceive that many stars in that quarter never
set at all, but move round and round, describing a com-

- plete circle in 24 hours. These stars describe their

ecircles round a fxed point in the heavens; and the

circles are the smaller, the nearer the star is to the fix-

ed point. This fixed point is called the morth pole.

There must be a similar fixed point in the southern he-
misphere, called the south pole. Thus the heavenly

sphere appears to turn round two fixed points, called

the poles, once every 24 hours. The imaginary line

37 Which joins the points is called the axis of the world.

Appear- In order to have precise notions of the motions of
sace of the the hieavenly bodies, it is necessary to be able to assign
keavens, precisely the place in which they are. This is done
by means of several imaginary lines, or rather circles,

supposed described upon the surface of the sphere ; and

these circles, as is usual with mathematicians, are di-

vided into 360 equal parts called degrees. Every

degree is divided into 60 minutes: every minute into

60 seconds, and so on. That great circle of the sphere,

which is perlo)endicular to the axis of the world, and

of course 9o° distant from either pole, is called the

meridian. It is supposed, not only to pass through the
poles, but to pass alse through the point directly over
the head of tlie observer, and the point of the sphere
exactly opposite to that. The first of these points is
called the menith, the second is called the nadir.

The meridian divides the circles described by the
stars into two equal parts ; and when they reach it they
are either at their greatest height above the horizon,
or they are at their least height. The sitoation of the
pole is easily determined ; for it is precisely half way
between the greatest and least height of thoece stars
which never set. 'When we advance towards the north
we perceive that the north pole does not remain sta-
tionary, but rises towards the zenith, nearly in propor-
tion to the space we pass over. On the other band it
sinks just as much when we travel towards the south.
Hence we learn that the surface of the earth is not
plane, as one would at first suppose, but curved.

All the beavenly bodies appear to describe a com-
plete circle round the earth in 24 hours. But be-
sides these motions which are common to them all,
there are several of them which possess motions pecu-
liar to themselves. The sun, the most brilliant of all
the heavenly bodies, is obviously much farther €3 the
south during winter than during summer. He does
not, therefore, keep the same station in the heavens, nor
describe the same circle every day. The moon not
only changes her form, diminishes, and increases; bnt
if we observe the stars, near which she is situated one
evening, the next evening we shall find her consider-
ably to the eastward of them ; and every day she re-
moves to a still greater distance, till in a month she
makes a complete tour of the heavens, and approaches
them from the west. There are eight other stars, be-
sides, which are continually changing their place ; some-
times we observe them moving to the westward, some-
times to the eastward, and sometimes they appear sta-
tionary for a considerable time. These stars are called
planets. There are other bodies which appear only
occasionally, move for some time with immense celerity,
and afterwards vanish. These bodies are called comets.
But the greater number of the heavenly bodies always
retain nearly the same relative distance from each os
ther, and are therefore called fixed stars. It will be
necessary for us to consider the nature and apparent
motions of all these bodies. We shall, therefore, di-

equator. 'The smaller circles, which the stars describe
in consequence of their diurnal motions, are called vide this fisst part of our treatise, into the following 33
parallels, because they are obviously parallel to the e- heads : ' ment

quator. )

The equator divides the heavenly sphere intn two
equal parts, the north and the south; hut to be able to
assign the position of the stars, it i3 necessary to have
another circle, passing through the poles, and cutting
the equator perpendicularly. This circle is called a

1. Of the Sun. 4. Of the Comets.
2. Of the Moon. §- Of the Fixed Stars.
3. Of the Planets. 6. Of the figure of the Earth.

These topics shall be the subjects of the following

chapters.
CHar.



Part 11.

Apparent
Motions
of the
Heavenly
Bodies.

39
Apnual

smotion of
the sua.

40
Method of
drawing a
meridian
line.

Cuapr. I. Of the Sun.

THE sun, as the most conspicuous and most important
of all the heavenly bodies, would naturally claim the
first place in the attention of astronomers. According-
ly its motions were first studied, and they bave had con-
siderable influence on all the other branches of the sci-
ence. We shall subdivide this part of our subject into
three parts. In the first, we shall give an account of the
apparent motions of the sun ; in the second, we shall
treat of the division of time, which is regulated by these
apparent motions ; and in the third, we shall consider
the figure and structure of the sun, as far as they bave
been determined by astronomers. These shall be the
subjects of the following sections.

Secr. I. Apparent Motions of the Sun.

That the sun has a peculiar motion of its own, in-
dependent of the diurnal motion common to all the
heavenly bodies, and in a direction contrary to that
motion, i¢ easily ascertained, by observing with care
the changes which take place in the starry hemisphere
during a complete year. If we note the time at which
any particular star rises, we shall find that it rises some-
what sooner every successive day, till at last we lose
it altogether in the west. But if we note it after
the interval of a year, we shall find it rising precisely
at the same hour as at first. Those stars which are
situated nearly in the track of the sun, and which set
soon after him, in a few evenings lose themselves alto-
gether in his rays, and afterwards make their appear-
ance in the east before sunrise. The sun then moves
towards them in a direction contrary to his diurnal
motion. It was by observations of this kind that the
ancients ascertained his orbit. But at present this is
done with greater precision, by observing every day the
height of the sun when it reaches the meridian, and the
interval of time which elapses between his passing the
meridian and that of the stars. The first of these ob-
servations gives us the sun’s daily motion northward or
southward, in the direction of the meridian ; and the
second gives us his motion eastward in the direction of
the parallels; and by combining the two together, we
obviously obtain his orbit : But it will be necessary to
be somewhat more particolar.

These observations cannot be made without drawing
a meridian lioe, or a line, which, if produced, would
pass through both the poles of the earth, and the spot
where the observer is placed. It is obvious, that such
a line is in the same plane with the meridian as
the heavenly hemisphere. A meridian line may be
found thus: On an horizontal plane describe three or
four concentric circles, as E, G, H, fig. 1. Plate L1X.
and in the common centre fix perpendicularly a wire
CB, having a well-defined point. When the sun shines
in the morning, observe where the shadow of the top
of the wire, as CD, touches one of tbe circles; and
in the afternoon mark where the extremity of the sha-
dow CF just touches the same circle: then through the
centre C draw the line CE, bisecting the arc DF, and
CE will be a meridian, us required. If the same be
done with as many of the circles as the shining of the
sun will admit of, and the mean of all the bisecting

lines CE be choseu as a meridian, there will be no.
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doubt of its accuracy, particularly if the observat.ions Apparent
be made about midsummer, which is the best time. Motivms

After a meridian line is thus found, another parallel to
it may be readily drawn at any convenient distance :

of the
Heavenly
Bodies.

the method is this : Hang a thread and plummet ex- s

actly over the south end of the known meridian line,
and let another thread and plummet be hung over the
south end of the plane upon which a meridian is to be
drawn ; then let a person observe when the shadow of
the thread falls on the given meridian, and immedi-
ately give a signal to another person, who must at that
moment mark two points on the shadow of the second
thread, through which two points the new meridian
must be described.

4

The height of the sun from the horizon, when it Altitude of

passes the meridian, or the arch of the meridian between the sun.

the aun and the horizon, is called the sun’s altsitude. The,
ancients ascertained the sun’s altitude in the following
manner : They erected an upright pillar at the south
end of a meridian line, and when the shadow of it exact-
ly coincided with that line, they accurately measured the
shadow’s length, and then, knowing the height of the
pillar, they found, by an easy operation in plane trigo-
nometry, the altitude of the sun’s upper limb: whence,
after allowing for the apparent semidiameter, the altitude.
of the sun’s centre was known. But the methods now
adopted are much more accurate. In a known latitude,
a large astronomical quadrant, of six, eight, or ten feet
radius, is fixed truly upon the meridian ; the limb of
this quadrant is divided into minutes, and smaller sub-
divisions, by means of a vernier; and it is furnished
with a telescope (having cross hairs, &c. turning pro-
perly upon the centre). By this instrument the altitude
of the sun’s centre is very carefully measured, and the
proper deductions made.

With a similar instrument we may ascertain the ap- n..j‘,:d of
parent motions of the sun in the following manner, be-ascertain-

ginning our observations about the 20th of March,iog the
sun’s mo-

On this day we must note some fixed star which comes ;.

to the meridian exactly at the same time as the son
does ; for the stars may be seen in the daytime with an
astronomical telescope. On the following day, both
the altitude of the sun, and the situation of the stars
when the sun is on the meridian, must be observed ;
the sun’s meridian altitude will be about 23’ 40" great-
er than on the former day, and the star will be found
on the meridian about 3 m. 39 sec. in time before the
sun. Make similur observations for a few days, and
it will be found, at the end of a week, that the sun’s .
meridian altitude will be increased 2° 46', and the
star will be on the meridian' 25 m. 26 sec. in time be-
fore the sun, or it will be 6° 213’ westward of the me-
ridian when the sun is ypon it.
seven days, therefore, the sun has been moving to-
wards the east, and has increased his altitude by re-.
gular gradations. In fig. 2. let EQ represent a por-
tion of the eqnator, QS the meridian on which the
son is, QS his altitude above the equator, E the place
of the star, and ES part of the path of the sun: then,
in the spherical triangle EQS, right-angled at Q,
there are given EQ=6° 21}',’and QS=2° 46/, to find
the angle E. By the rules of spherical trigonometry,
__ tangt. of SQ__'o48a250_
we have, tangt. of E= sne of QK = 1107463 —

*4364479 ,

During this period of -
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Apparent ‘4364479=tangt. of 23° 34’ 43", the angle E re-

Motions gquired.
ﬂx::;:l The orbit in which the sun moves is called the
Bodies, ¢cliptic. It does not coincide with the equator, but

ey~ cuts it, forming with it an angle, which in the year

43 1769 was determined by Dr Maskelyne, at 23° 28’ 10",
Eoliptic.  or 23°.46944. This angle is called'the obliquity of the
44 ecliptic. '
:I::::? ex- The different seasons of the year are occasioned by

the combination of this proper motion of the sun with
his diurnal motion. The two points in which the
ecliptic cuts the equator, are called the equinoxes, or
equinoctial points ; because on the days that the sun
is in them, he describes by his diurnal motion the
equator, which being divided into two equal parts by
the horizon, the day is then equal to the night in every
part of the earth. One of these equinoxes is called
the vernal, because the sun is in it about the 20th of
March, or the beginning of the spring. As the sun
advances in his orbit from (hat point, his meridian al-
titude becomes greater and greater every day. The
visible arches of the parallels which it describes, be-
come continually greater; and with them the length
of the day increases, till the sun reaches his greatest
altitude, or distance from the equator: then the day
is the longest of the year. And as at that period the va-
riations in the sun’s altitude are scarcely sensible for
some time, as far at least as it affects the length of the
day ; the point of the orbit, where the sun’s altitude is
a maximum, has for that reason been called the summer
solstice. 'The parallel which the sun describes when in
that point, is called the tropic of Cancer. From the sol-
stice the sun descends again towards the equator, crosses
it again at the autumnal equinox, and goes southward
till its altitude becomes a minimum. This point of the
orbit is called the winter solstice. 'The day is then the

-shortest of the year, and the parallel which the sun de-

scribes, is called the tropic of Capricorn. From the

‘winter solstice the sun again approaches the equator,

and returns to the vernal equinox.

Such is the constant course of the sun and of the
seasons. 'The interval between the vernal equinox and
the summer solstice, is called the spring ; the interval
between this solstice and the autumnal equinox, is called
summer ; that between the autumnal equinox and the
winter solstice, is autumn; and that between this solstice
and the vernal equinox, is winter.

The different altitudes of the pole in different cli-
mates, occasion remarkable peculiarities in the sea-
sons, with which it is proper to be acquainted. At
the equator the poles are situated in the horizon, which

last circle cuts all the parallels into two equal parts. _

Hence the day and the night are constantly of the
same length all the year round. On the equinoxes the
sun is in the zenith at noon. His altitude is the least

-possible at the solstices, and is then equal to the com-

plement of the inclination of the ecliptic. During the
summer solstice, the shadows of bodies illuminated by
the sun are directed towards the south; but they are

-directed towards the north at the winter solstice.;

changes which never take place in our northern-cli-
mates. Under the equator then there are in reality
two summers and two winters. The same thing takes
place in all countries lying between the tropics. Be-

syond them there is only one summer and one winter

Part 11

in the year. The sun is never in the zenith, The Apparen:
length of the longest day increases, and that of the M otions

shortest day diminishes, as we advance toward the poles; B"f ":;
and when the distance between the zenith and the pole Be: dice 2

is only equal to the inclination of the ecliptic, the sun e ————

does not set at all on the days of the summer solstice,
nor rise on that of the winter solstice. Still nearer the
pole, the period in which he never sets in summer, and
never rises in winter, gradually increases from a few
days to several months ; and, under the pole itself, the
equator then coinciding with the lhorizon, the sun never
sets when it is upon the same side of the equator with
the pole, and never rises while it is in the opposite
side,

solstices are not equal. There are about seven days more
between the vernal and autumnal equinox, than between
the autumnal and vernal. Hence we learn, that the
motion of the sun in its orbit is not uniform. Nume-
rous observations, made with precision, have ascertained,
that the sun moves fastest in a point of his orbit situ-
ated near the winter solstice, and slowest in the opposita
point of his orbit near the summer solstice. When in
the first point,  the sun moves in 24 hours 1°.01943 ;
in the second point, he moves only 0°.95319. The
daily motion of the sun is constantly varying in every
place of its orbit, between these two points. The me-
dium of the two is 0°.08632, or §9’ 117, which is the
daily motion of the sun about the beginning of Octo-
ber and April. It has been ascertained, that the va-
riation in the angular velocity of the sun, is very near-
ly proportional to the mean angular distance of it
from the point of its orbit where its velocity is
greatest, '
It is nataral (o think, that the distance of the sun D

. 4
iameter

4
The intervals of time between the equinoxes and :“‘i’""n Bot

forsma.

6

from the earth varies as well as its angular velocity, Y <*

This is demonstrated by measuring the apparent dia-
meter of the sun. Itsdiameter increases and diminishes
in the same manner, and at the same time, with its an-
gular velocity ; but in a ratio twice as small. About
the beginning of January, his apparent diameter is about
32’ 39", and at the beginning of July it is about 31’ 34",
or more exactly, according to De la Place, 32’ 35"=
195" in the first case, and 31’ 18”=1878" in the se-
cond.

Opticians have demonstrated, that the distance of San's -
any body is always reciprocally as its apparent diame- slanse va.
ter. The sun must follow the same law; therefore, ™™

its distance from the earth increases in the same pro-
portion that its apparent diameter diminishes. Thas
point of the orbit in which the sun is nearest the earth,
1s called perigeon, or perigee; and the point of the or-
bit in which that luminary is farthest distant from the
earth, is called apogee. hen the sun is in the first
of these points, his apparent diameter is greatest, and
his motion swiftest ; but when he is in the other point,
both his diameter and the rapidity of his motion are

-the smallest possible.

From these remarks it is obvious that if the orbit of

“the sun be a circle, the earth is not situated in the cen-

tre of that circle, otherwise the distance of the sun

‘from the earth would remain always the same, which

is contrary to fact. It is possible therefore, that the
variation in bis angular velocity may not be real, but
enly apparent. Thus in fig. 3. let AMPN be &':n

orbi¢
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Sun’s mo-
Sion varies,

orbit of the sun, C the centre of that orbit, and E the
position of the earth at some distance from the centre.
It is obvious that P is the sun’s perigee, and A its a-
pogee. Now as the sun’s apparent orbit is a circle hav-
ing the earth in its centre, it is evident that this orbit
wust be AMPN, and that the angular motion of the
sun will be measured upon that circle. Suppose now
that the sun in his apogee moves from A to A/, it is
ebvious that his apparent or angular motion will be the
segment a o’ of the apparent orbit, considerably smaller
than A A/, so that at the apogee the angular motion
of the sun will be less than his real motion. A-
guin: let the sun in bis perigee move from P to P, de-
scribing a segment precisely equal to the segment AA’,
This segment as seen from the earth will be refer-

red to p g/, which in that case will be the sun’s angular -

motion, evidently considerably greater than his real
motion.

Hence it is obvious that even on the supposition that
the sun moved equably in his orbit, his angular motion
as seen from the earth would still vary, that is, would
be smallest at the apogee, and greatest at the perigee ;
and that the angular and real motion would only coin-
cide in the points M and N, where the real and appa-
rent orbits cut each other. From the figure it is obvi-
ous also, that the angular velocity would increase gra-
dually from the apogee to the perigee, and diminish
gradually from the perigee to the apogee, which like-
wise corresponds with observation. Now the line EC,
which is the distance of the earth from the centre of
the sun’s orbit, is called the eccentricity of that orbit.
The variation in the angular motion of the sun may be
owing to this ecceutricity.

But if it were owing to this cause alone, it is easy
to demoustrate that in that case the diminution of his
angular velocity would follow the same ratio as the di-
minution of his diameter. The fact however is, that
the angular velocity diminishes in a ratio twice as great
as the diameter of the sun does. The variation of the
angular velocity cannot then be owing to the eccen-
tricity alone. Hence it follows, that the variation of
the motion of the sun is not merely apparent, but real ;
and that its velocity in its orbit actually diminishes,
as his distance from the earth increases. Two causes
then combine to produce the variation in the.sun’s an-
gular velocity ; namely, 1. The increase and diminution
of his distance from the earth; and, 2. The real increase
and diminution of his velocity in proportion to this

variation of distance. These two causes combine in such ~

a manner that the daily angular motion of the sun dj-
minishes as the square of his distance increases, so that
the product of the angular velocity multiplied into the
square of the distance is a constant quantity. But this
law is so important that it will be necessary to be more
particular.

The observation that the sun’s angular motion in his
orbit is inversely proportional to the square of his dis-
tance from the earth, was first made by Kepler. The
discovery was made by a careful comparison of the sun’s
diurnal motion with his apparent diameter, which were
found to follow that law ; and it is evident that the one
is the angular motion of the sun, and the other his dis-
tance from the earth, which is inversely proportional
to his apparent diameter. Let ASB (fig. 4.) be the sun’s
orbit, E the earth, and S the sun. Suppose a line ES
- Vo, IIIL. Part I. +
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joining the centres of the earth and sun to move round Apparent

along with the sun. This line is called the radrus vec-
tor. It is obvious, that when S moves to S, ES
moving along with it, is now in the situation ES’, hav-

Motions

of the

? Heavenly
Bodies.

ing described the small sector ESS'. In the same time oyt

that S performs one revolution in its orbit, the radius
vector ES will describe the whole area ABS, enclosed
within the sun’s orbit, Let SS’ be the sun’s angular
motion during one day. Itis obvious that the small
sector ESS' is proportional to the square of ES, mul-
tiplied by S§': for the radius vector is the sun’s dis-
tance from the earth, and SS’ his angular motion.
Hence this sector is a constant quantity, whatever the

ar])fular motion of the sun be ; and the whole area Descrihes
S

A
takes in moving from S to A. Hence results that r
markable law, first pointed out by Kepler, that tke
areas described by the radsus vector are proportional to
the times. Suppose the sun to describe S$ in one day,
and SA in 20 days, then the area SES' is to the area
SEA as 1 to 20; or the area SEA is 20 times greater
than the area SES'.

The knowledge of these facts enables us to draw
upon paper, from day to day, lines proportional to the
length of the radius vector of the solar orbit, and hav-
ing the same relative position as these lines. If we
join the extremity of these lines, by making a curve
pass through them, we shall perceive that this curve is
not exactly circular. Let E in fig. 5. represent the
earth, and E 4, E4 E ¢, E d, E /, &c. the position
and length of the radius vector during every day of
the year: if we join together the points a, b, ¢, d, ¢, f,
& &, 1, k,l,m, n, 0, by drawing the curve a ¢ £m, through
them, it is obvious that this curve is not a circle, but
elongated towards @ and 7, the points which represent
the sun’s greatest and least distance from the earth. The
resemblance of this curve to the ellipse induced Kep-
ler to compare them together, and he ascertained their
identity. Hence it follows, that the orbit of the sun
is an ellipse, having the earth in one of its foci. The
centre C of the ellipse is the point where its greater
axis is cut perpendicularly by its smaller axis. The
distance CE, between the earth and that centre, is the
eccentricity of the sun’s orbit. The eccentricity of this
orbit is not great. Let the earth’s mean distance from
the sun be represented by 10,000; it has been ascer-
tained that the eccentricity is equal to 168 of these
parts. Hence the sun’s orbit does not differ much from
a circle.

increases as the number of days which the sun areas pro-
. portional to

the times.

. . - . s0
To form a precise notion of the elliptical motion of His orbit
the sun, let us suppose a point to move uniformly in the au ellipse.

circumference of a circle, whose centre coincides with
the centre of the earth, and whose radius is equal to the
sun’s distance from the earth when in his perigee. Let
us suppose also, that the sun and the point set out toge-
ther from the perigee, and that the motion of the point
is equal to the sun’s mean angular motion, While the
radius vector of the point moves uniformly round the
earth, the radius vector of the sun moves with unequal
velocity, describing always areas proportional to the
times. At first it gets before the radius vector of the
point, and forms with it an angle, which, after hav-
ing increased till it renched a certain limit, diminishes
again and becomes equal to zero, when the sun is in
apogee ; then the radius vector of the sun and of the

point
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Apparent point coincide both with each other, and with the
Motions greater axis of the ellipse. After passing the apogee the
of the  radius vector of the point gets before that of the sun,
Hﬁ:;f:l’ and forms with it angles exactly equal to the angles
‘==t formed by the same lines in the former half of the el-
lipse, at the same distance from the perigee. At the
perigee, the radius vector of the sun and of the point
again coincide with each other, and with the greater
axis of the ellipse. The angle which the radius vector
of the sun makes with that of the point, which indi-
t cates how much the one precedes the other, is called
Equation of the equation of the centre. It is always greatest when
the centre the motions of the point and of the sun are equal, and
explained. ;¢ vanishes altogether when there is the greatest differ-
ence betwcen these motions. The angular motion of
the point is called the mean motion, and that of the
sun the real motion. The place of the point in the or-
bit is called the mean place. Now, if to the mean
place in the orbit, we add or subtract the equation of
the centre, it is obvious that we have the sun’s real place
for any given time. The angular motion of the point
is known with precision for a given time, a day for in-
stance, by ascertaiuing the exact length of time which
the son takes in making a complete revolution round
its orbit. TFor if we ascertain how many days that re-
volution requires, we have only to divide the whole
orbit by that number to prove the portion of it traversed
by the point in onc day. The equation of the centre
can only be found by approximation. Its maximum in

the year 1750 was 1%.9268.

In computations we begin always at that part of the
orbit where the motion of the sun is slowest. The di-
stance of the imaginary point from that part, is called
the mean anomaly. A table is made of the equation of
the centre, corresponding to each degree of the mean
anomaly. By adding or subtracting these equations
from the mcan anomaly, we obtain the true anomaly

s or place of the sun for any given time.

signsofthe  The ecliptic is usually divided, by astronomers, into

zrodisc. 13 equal parts, called signs, each of which of course
contains 30 degrces. They are usually called the signs
of the zodiac ; and heginning at the equinox, where the
sun intersects and rises above the equator, have these
names and marks: Aries "0, Taurus ¥, Gemini 1,
Cancer g5, Leo Q, Virgo ng, Libra o, Scorpio m,
Sagittarius #, Capricornus g, Aquarius =, Pisces 3.
Of thesc signs, the first six are called northern, lying
on the north side of the equator ; the last six are called
southern, being situated to the south of the equator.
The signs from Capricornus to Gemini are called ascen-
ding, the sun approaching or rising to the north pole
while it passes through them 5 and the signs from Can-
cer to Sagittarius arc called desconding, the sun, as it
moves through them, receding or descending from the
north pole.

The longitude of the sun is his distance in the eclip-
tic from the first point of Aries. His right ascension
is the arch of the equator intercepted between the first

- point of Aries, and the meridian circle which passes
through his longitude. The distance of the sun from
the equator, measured upon a meridian circle, is called
his declination, and it is either north or south according

g3 tothe situation of the sun, ..
Orbit varies It has been obscrved that the position of the larger
in position. axis of the elliptical orbit of the sun, is not coustant.
2.

The angular distance of the perigee from the vernal a pparemt
equinox, counted according to the sun’s movement, was M otions
278°.6211 at the beginning of 17503 but it has, rela- __o©f the
tive to the stars, an annual motion of aboat 11”.89 in H;:d';:}'
the same direction as the sun. e e
The orbit of the sun is gradually approaching to the
equator. Its obliquity diminishes in a century at the
rate of about 1”.50.
The precision of modern astronomers has enabled
them to ascertain small irregularities in the sun’s ellip-
tical motion, which observation alone would scarcely
have been able to bring under precise laws. These ir-
regularities will be considered afterwards. s4
'o determine the distance of the sun from the earth, Distance of
bas always been an interesting problem to astronomers, the san.
and they have tried every method which astronomy or
geometry possesses in order to resolve it. The amplest
and most natural, is that which mathematicians employ
to measure distant terrestrial objects. From the two
extremities of a base whose length is known, the angles
which the visual rays from the object, whose distance
is to be measured, make with the base, are measured b
means of a quadrant ; their sum subtracted from 1809,
give the angle which these rays form at the object
where they mtersect. This ang{e is called the paral-
lux, and when it is once known, it is easy, by means of
trigonometry, to ascertain the distance of the object.
Let AB, in fig. 6. be the given base, and C the object
whose distance we wish to ascertain. The angles CAB
and CBA, formed by the rays CA and CB with the
base, may be ascertained by observation ; and their sum
subtracted from 180° leaves the angle ACB, which is
the parallax of the object C. It gives us the apparent
size of the base AB as seen from C.
When this method is applied to the sun, it is geces-
sary to bave the largest possible base. Let us suppose
two observers on the same meridian, observing at the
same instant the meridian altitude of the centre of the
sun, and his distance from the same pole. The dif-
ference of the two distances observed, will be the an-
gle under which the line which separates the observers
will be seen from the centre of the sun. The position
of the observers gives this line in parts of the earth’s
radius. Hence, it is easy to determine, by observation,
the angle at which the semidiameter of the earth would
be seen from the centre of the sun. This angle is the
sun’s parallar. But it is too small to be determined
with precision by that method. We can only conclude
from it, that the sun’s distance from the earth is at least
equal to 10,000 diameters of the earth. 'We shall find
afterwards, that other methods have been discovered
for finding the parallax with much greater precision.
It amounts very nearly to 8".8: hence it follows, that
the distance o? the sun from the earth amounts to
23,405 semi-diameters of the earth.

Sect. I1. Of the Division of Time.

Motion is peculiarly adapted for measuring time.
Tor, as a body cannot be in different places in the same
time, it can only arrive from one part to another, by
passing successively through all the intermediate spaces.
And if it be possible to ascertain, that in every point
of the line which it describes it is actuated by the very
same force, we can ‘conclude with confidence, that it

will
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Apparent Wil describe the line with a uniform motion. Of course
Motions the. different parts of the line will be a measure of the
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is the sun’s motion for that day referred to the equator; Apparcut
and the time which that arc takes to pass the meridian Motions

of the time employed to traverse them. WWhen a pendulum i3 equal to the cxcess of the astronomical day above the H°“'"’]
H;:dvguly at the end of every oscillation is precisely in the same sidereal. But it is obvious, that at the equinoxes, the' "p° 7Y

‘€% , circumstances, the length of the oscillations ia the same,

arc of the equator is smaller than the corresponding arc —
and time may be measured by their number. We

of the eclptic in the proportion of the cosine of the ob-

might employ also, for the same purpose, the revolutions
of the heavenly sphere, which appear perfectly uniform.
But all nations have agreed to employ the revolutious of

liquity of the ecliptic to radius: at the solstices, on the
contrary, it is greater in the proportion of radius to the
cosine of the same obliquity. The astronomical day is

ss  the sun for that purpose.
* Astrononti-  In common language, the day is the interval of tinie
calday.  which elapses from the rising to the setting of the sunj
the night is the interval that the sun continues below
the horizon. The astronomical day embraces the whale

diminished in the first case, and lengthened in the se-

cond. . <8
To have a mean astronomical day, independent of Vean as-

these canses of inequality, astronomers have supposed a tronomical

second sun to move uniformly on the ecliptic, and to™*

interval which passes during a complete revolution of
the sun. It is the interval of time which passes from
12 o’clock at noon, till the next succeeding noon. It
begins when the sun’s centre is on the meridian of that
place. It is divided into 24 hours, reckoning in a
numerical succession from I to 24: the first 1 2 are some-
times distinguished by the mark P. M. signifying post
meridiem, or after noon j and the latter 12 are marked
A. M. siguifying ante meridiem, or before noon. But
astronomers generally reckon through the 24 hours,
frem noon- ta noon ; and what are by the civil or com-
mon way of reckoning, called morning hours, are by
astronomers reckoned 1n the succession from 12, or mid-
night, to 24 hours. Thus g o’clock in the morning of
February 14th, is, by astronomers, called February the

pass over the extremities of the axis of the sun’s orbit, at
the same instant with the real sun. This removes the
inequality arising from the inequality of the sun’s mo-

‘tion. To remove the inequality arising from the obli-
quity of the ecliptic, astronomers suppose a third sun pas- -

sing threugh the equinoxes at the same instant with the
second sun, and moving along the equator in such a
manner that the angular distances of the two suns at the
vernal equinox shall be always equal. The interval be-
tween two consecutive retarns of this third sun to the
meridian forms the mean astronomical day. Mean time
is measured by the number of the retarns of this third

sun to the meridian ; and true time is measured by the ’

returns of the real sun to the meridian. The arc of the
equator, intercepted between two meridian circlesdrawn

s6  I3th at 21 hours. through the centres of the true sun, and the imaginary
Sidercal An astronomical day is somewhat greater than a third sun, reduced to time, is what is called the equa-
day. complete revolution of the heavens, which forms a side-  tion of time. This will be rendered plainer by the fol-

real day. For if the sun cross the meridian at the same
instant with a star, the day following it will come to
. the meridian somewhat later than the star, in conse-
quence of its motion eastward, which causes it to leave
the star; and after a whole year has elapsed, it will
have crossed the meridian just one time less than the
star. A sidereal day is less than the solar day, for'it is
measured by 360° whereas the mean solar day is mea-
sured by 360° 59’ 8” nearly. If an astronomical day
be=1, then a sidereal day is=0.997269%22 ; or the
difference between the measures of a mean solar day,
and a sidereal day, viz. 59’ 8", reduced to time, at the
rate of 24 Lours to 360°, gives 3’ §6”; from which we
learn that a star which was on the meridian with the
sun on one noon, will return to that meridian 3’ 56 pre-
vious to the next noon: therefore, a clock which mea-
sures mean days by 24 heurs, will give 23 h. §6 m. 4

lowing diagram.

Let Zorza (fig. 7.) be the earth; ZFRx its axis;
abcde, &c. the equator; ABCDE, &c. the northern
half of the ecliptic from % to «x, on the side of the
globe next the eye; and MNOP, &c. the southern half
on the opposite side from W to ep.  Let the points at
A, B, C, D, E, F, &c. quite round from o to e
again bound equal portions of the ecliptic, gone
through in equal times by the real sun ; and those at
a, b, c, d, ¢, f, &c. equal portions of the equator de-
scribed in equal times by the fictitious sun ; and let
Zs be the meridian, )

As the real sun moves obliquely in the ecliptic, and
the fictitious sun directly in the equator, with respect
to the meridian 3 a degree, or any number of degrees,
between v and F on the ecliptic, must be nearer the
meridiath Zepx, than a degree, or any corresponding

g7  sec. for the length of a sidereal day. number of degrees, on the equator from e to f; and
Days vary  Astronomical or solar days, as they are also called, the more a0, au they are the more oblique : and there-
in length. are not equal. Two causes conspire to produce their fore the true sun comes sooner to the meridian eve

inequality, namely, the unequal velocity of the sun in
his orbit, and the obliquity of the ecliptic. The effect
of the first cause is sensible. At the summer solstice,
when the sun’s motion is slowest, the astrunomical day
approaches nearer the sidereal, thau at the winter sole
stice when his motion is most rapid.

To conceive the effect of the second cause, it is ne-
cessary- to recollect that the excess of the astronomical
day above the sidereal is owing to the motion of the
sun, referred to the equator. 'The sun describes every
day a small arch of the ecliptic. Through the extre-
mities of this arch suppose two meridian great circles
drawn, the arc of the equator, which they intercept,.

day whilst be is in the quadrant op F, than the ficti-
tious sun does in the quadrant e f; for which reason,
the solar noon precedes noon by the clock, until the
real sun comes to F, and the fictitious to £; which two
points, being equidistant from the meridian, both suns
will come to it precisely at noon by the clock.

Whilst the real sun describes the second quadrant of
the ecliptic FGHIKL from Cancer to «x, he comes
later to the meridian every day than the fictitious son
moving through the second quadrant of the equator
from f to «u; for the points at G, H, I, K, and L,
being farther from the meridian, their corresponding
points at g, 4, 7, and./, mlBt be later of coming to it &

2 an
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and as both suns come at the same moment to the point
W, they come to the meridian at the moment of noon
by the clock.

In departing from Libra, through the third qua-
drant, the real sun going through %dNOPQ towards
W at R, and the fictitious sun through mnopg to-
wards r, the former comes to the meridian every day
sooner than the latter, until the real sun comes to @,
and the fictitious to r, and then they come both to the
meridian at the same time.

Lastly, As the real sun moves equably through
STUVW, from @ towards v ; and the fictitious sun
through s ¢ 4 v w, from r towards en, the former comes
later every day to the meridian than the latter, until
they both arrive at the point A, and then they make it
noon at the same time with the clock.

Having explained one cause of the difference of time

supposing the sun, not the earth, as moving in the
ecliptic ; we now proceed to explain the other cause of
this difference, namely, the inequality of the sun’s ap-
parent motion ; which is slowest in summer, when the
sun is farthest from the earth, and swiftest in winter
when be is nearest to it.

If the sun’s motion were equable in the ecliptic, the
whole difference between the equal time as shown by
the clock, and the unequal time as shown 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 sooner to
him than when his motion is quickest ; for it will over-
take him in less time when he advances a less space than
when he moves through a larger.

Now, if there were two suns moving in the plane of
the ecliptic, so as to go round it in a year; the one
describing an equal arc every 24 hours, and the other

describing sometimes a less arc in 24 hours, and at.

other times a larger, gaining at one time of the year
what it lost at the opposite ; it is evident, that either
of thete suns would come sooner or later to the meri-
dian than the other, as it happened to be behind or
before the other; and when they were both in con-
junction, they would come to the meridian at the same
moment.

As the real sun moves unequably in the ecliptic, let
us suppose a fictitious sun to move equabliin a circle
coincident with the plane of the ecliptic. Let ABCD
(6g. 8.) be the ecliptic or orbit in which the real sun
moves, and the dotted circle a b ¢ d the imaginary or-
bit of the fictitious sun ; each going round in a year
according to the order of letters, or from west to east.
Let HIKL be the earth torning round its axis the
same way every 24 hours; and suppose both suns to
start from A and a, in a right line with the plane of the
meridian EH, at the same moment : the real sun at A,
being then at his greatest distance from the earth, at
which time his motion is slowest; and the fictitious
sun at @, whose motion is always equable, because his
distance from the earth is.supposed to.be always the

. same. In the time that the meridian revolves from

H to H again, according to the order of the letters
HIKL, the real sun has moved from A to F ; and the
fictitious with a quicker motion from n to f, through a
large atc: therefore, the meridian EH will revolve

3.

sooner from H to A under the real eun at F, than from Apparcni
HE to k under the fictitious sun at f; and consequent- Motions
ly it will then be noon by the sun-dial sooner than by __of '-h‘l
the clock. H‘;:d'ie;_’
As the real sun moves from A towards C, the sWift- \ o
ness of his motion increases all the way to C, where it
is at the quickest. But notwithstanding this, the fic-
titious sun gains so much vpon the real, soon after his
departing from A, that the increasing velocity of the
real sun does not bring him up with the equally-moving
fictitious sun till the former comes to C, and the latter
to ¢, when each has gone half round its respective or-
bit; and then being in conjunction, the meridian EH,
revolving to EK, comes to both suns at the same time,
and therefore it is noon by them both at the same mo-
ment.
But the increased velocity of the real sun now being
at the quickest, carries him before the fictitious one ;
and therefore, the same meridian will come to the ficti-
tious sun sooner than to the real: for whilst the ficti-
tious sun moves from a to g, the real sun moves through
a greater arc from C to G: consequently the point i(
bas its noon by the clock when it comes to k, but not
its noon by the sun till it comes to /. And although
the velocity of the real sun diminishes all the way from
C to A, and the fictitious sun by an equable motion
is still coming nearer to the real sun, yet they are not
in conjunction till the one comes to A and the other to
a, and then it 18 noen by them both at the same mo-
ment.
True time is obtained by adding or subtracting this
equation to the mean time. The mean and apparent
solar days are never equal, except when the sun’s daily
motion in right ascension is 59’ 8" ; this is nearly the
case about April 15th, June 15th, September 1st, and
December 24th: on these days the equation is nothing,
or nearly so; it is at the greatest about November 1st,
when it is 16 m. 14 sec. 59
The return of the sun to the same equinox marks the Yeas.
years, in the same way as his return to the same meri-
dian indicates the days. It has been ascertained, that
before the sun returns again to the same equinox, an in-
terval of 365.242222 days elapses, or 36§ days, 5 hours,
48 minutes, and 47 secouds. This is called the trops
cal year : The sun takes a larger interval of time to re-
turn again to the same star. The sidercal year is the
interval wbich the sun employs to return from one star
to another. It is greater than the tropical year by
0.014162 days, or 20 m. 23 sec.; therefore the length
of the sidereal year is 365 days, 6 h. g m. and 10 sec.
From this it fol'ows, that the equinoxes do not retain
the same place in the ecliptic, but that they have a re-
trograde motion, or contrary to that of the sun, in con-
sequence of which they describe every year an arc equal
to the mean space which the sun passes over in 20 23",
or about §0”; so that they would make a complete re-
volution in 25972 years. This is called the precession
of the equinoxes. 6o
Dr Maskelyne has invented a ruole for computing Method of
the equation of time, in which the precession of the computing
equinoxes, as well as the two causes mentioned above, the equ-
are included. Let APLQ, fig. 9. be the ecliptic,z:h
ALQ the equator, A the first point of Aries, P the
point where the sun’s apparent metion is slowest, 8
any place of the sun; draw S v perpendicular to the
equator,
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ous, however, to be able to divide the solar year into Apparent
a precise number of Junar months, because many of Motions

equator, and take A n=AP. 'When the sun begins
to move from P, suppose a star to begin to move from
n, with the sun’s mean motion in right ascension or
longitude, viz. at the rate of 5o’ 8” in a day, and
when 7 passes the meridian let the clock be adjusted
to 12. Take n m=P s, and when the star comes to m,
if the sun moved uniformly with his mean motion, he
would be found at s; but at that time let S be the
place of the sun. Let the sun S, and consequently v,
be on the meridian ; and then as m is the place of the
imaginary star at that instant, m v must be the equa-
tion of time. The sun’s mean place is ats, and as
An=AP, and nm=P s, we have Am=AP s, con-
sequently m v—=Av—Am=Av—APs. Let a be the
mean equinox, or the point where it would have been
if it had moved with its mean velocity, and draw a
perpendicular to AQ; then Am=Az 4 xm=

Aa X cosinexs Aa+2m: or becavse the cosine of

% A a the obliquity of the ecliptic, 23° 28, is =%
very nearly, Am:-:-iA a4 xm: hence my—A ve—

B m— %A a. Here A v is the sun’s true right as-
cension, = m the mean right ascension or mean longi-
tude ; and% A a (viz. A x) is the equation of the

equinoxes in right ascension ; therefore the equation of
time is equal to the difference of the sun’s true right
ascension and his mean longitude, corrected by the equa-
tion of the equinoxes in right ascension.—When A m
is less than A v, mean or true time precedes apparent ;

~ when it is greater, apparent time precedes mean. That

6t
Smaller di-
visions of
time,

is, when the sun’s true right ascension is greater than
his mean longitude corrected as above shewn, we must
add the equation of time to the apparent to obtain the
mean time ; and when it is less, we must subtraet., To
convert mean time into apparent, we must subtract in
the former case, and add in the latter.

Tables of the equation of time are computed by this
rule, for the use of astronomers : they are either calcu-
lated for the noon of each day, as given in the Nautical
and some other almanacks; or for every degree of the
sun’s place in the ecliptic. But a table of this kind will
not answer accurately for many years, on account of the
precession and other causes, which render a frequent
revisal of the calculations necessary. :

The smaller divisions of time were anciently mea-
sured by the phases of the moon. It is well known
that the moon changes once every 29 or 30 days, and
that the interval from one new moon to another is call-
ed a lunation, or, in common language, a month. There
are about twelve lunations in a year. Hence the year
was divided into twelve months. In ancient times
people were placed upon emineuces on purpose to watch
the first appearance of the new moon, when their month
began. It was customary for these persons to proclaim
the first appearance of the moon. Hence the first day
of every month was called Culende ; from which term
the word calendar is derived. Almost all nations have
divided the year into twelve months, becaase the seasons
nearly return in that period. But they soon perceived
that twelve lunar months were far from making a com-
Plete year or revolution of the sun, They were anxi-

29

the feasts depended upon particular new moons. Va- Ho::::ly
. . . €
rious contrivances were fallen upon for this purpose g 4.0

without much success, till at last Meton, a Greek phi- s

losopher, announced that 19 years contained exactly
235 lunations: an affirmation which is within 23
hours of being exact. 1o make evcry year correspond
as nearly as possible to the lunar, he divided the ycar
into 12 months, consisting alternately of 30 and 29
days each ; at the end of every thiee years an interca-
lary month of 30 days was added, and at the end of the
19th year there was added an intercalary month of 29
days. So that at the end of 19 years the solar and lu-
nar years began again on the eame day their cycle of 19
ears, This discovery of Mecton appeared so admi-
rable to the Greeks, that they engraved it in letters of
gold in their public places. ;Ience the number which
denotes the current year of that cycle is denominated
golden number. o
As the moon changes its appearance in a very re-
markable degree every seven days, almost all nations
have subdivided the month into periods of seven days,
called weeks ; the ancient Greeks were almost the only
people who did not employ that division.

The Roman year in the time of Romulus consisted R.,:.:
of 10 months only, of 30 or 31 days each, so that itsyear.

length was 304 days only. Numa added 5o days to
that year, and thus made it 354 days; and he added
two additional months of 29 and 28 days by shortening
some of the ancient months. He made the year com-
mence on the first of January. Numa’s year was still
more than 11 days shorter than a complete revolution
of the sun. To make it correspond with the seasons, it
was necessary to intercalate three days ; and these in-
tercalations being left entirely to the priests, were con-

. verted into a state engine ; being omitted, inserted, al-

tered, and varied, as it suited the purposes of those ma-
gistrates whose views they favoured. The conscquence
was, what might bave been expected, the most complete
confusion and want of correspondence between the year
and the seasons.

Julius Czesar undertook to remedy this inconvenience.

63
Reformed

He was both dictator and high pontiff, and of course the by Julius

reformation of the calendar was his peculiar province. Cesar,

That the undertaking might be properly executed, he
invited Sosigenes, an Egyptian mathematician, to come
to his assistance. Jt was agreed upon to abandon the
motions of the moon altogether, and to make the year
correspond with those of the sun.

The reformation was made in the year 47 before the
Christian era. Ninety days were added to that year,

which was from that circumstance called the year of

confusion, consisting of 44§ days. Instead of 354 days,
the year of Numa, Sosigenes made the year to consist
of 365 days, dispersing the additional days among
those months which had only 29 days. As the revo-
lution of the sun employs nearly six hours more than
365 days, an additional day was intercalated every
fourth year, so that every such year was to consist of
366 days. The additional day was inserted after the
23d of February, or the 7th before the calends of
March ; the day before the annual feast celebrated in
commemoration of the flight of Tarquin from Rome.
That feast was held the 6th before the calends of March.

The .
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l»?g:?nns calends of March. So that every fourth year there_ Sect. L. Of the Nature of the Sun. Dintio

The smalloess of the sun’s parallax is a demonstra- of th
Heavel

tion of its immense size. We are certain that at the "3 .o
distance at which the sun appears to us under an angle «— —
of ©°.53424, the earth would be seen under an angle
not exceeding 0%009. Now, as the sun is obviously
a spherical body as well as thc earth ; and as spheres
are to each other as thc cubes of their diameters, i1t
follows from this, that the sun is at least 200,000 times
bigger than the earth. By the exactest observations it
has been ascertained, that the diameter of the sun is
nearly 883,000 miles.
Dark spots are very frequently observed upon the
surface of the sun. These were entirely unknown be- «

of the were two days denominated the 6th before the calends
H[;"J.""l)' of March. Hence that year was called bisscatile. In
01 Britain it is denominated lap year. After the death
of Julius Caesar there was a degree of confusion re-
specting the intercalations, from the ignorance of the
priests. Augustus corrected the mistake, and after
that time the Julian period went on without any inter-

ruption.

It is obvious that the Julian year, though a great
improvement upon the ancient Roman, was still imper-
fect. It went on the supposition that the revolution of
the sun occupied precisely 365 days and 6 hours, which
is about 11 minutes more than the truth. This error

in the interval which elapsed between the reformation
of Julius Caesar and the year 1582, had accumulated
till it amounted to 10 days; of course the year began

fore the invention of telescopes, though they are some-
times of sufficient magnitude to be discerned by the
naked eye, only looking through a smoked glass to pre-

10 days later than it ought to bave begun; and the
same error had taken place respecting the seasons and
the equinoctial points. Various attempts had been
63  made to correct this error; at last it was corrected by

vent the brightness of the luminary from destroying the 65
sight. The spots are said to have been first discovered Solar spots
in the year 1611 ; and the honour of the discovery is when 8rst
disputed betwixt Galileo and Scheiner, a German Jesuit discovered.

and by Pope Gregory XIII. The Gregorian calendar com- at Ingolstadt. But whatever merit Scheiner might have
;Zm‘“y menced in the year 1582 ; the changes which he intro- in the priority of the discovery, it is certain that Gali-

leo far exceeded him in accuracy, though the work of

Scheiner has considerable merit, as containing observa-

tions selected from above 3000, made by himself. Since

his time the subject has been carefully studied by all the

astronomers in i?.urope. &6
There is great variety in the magnitudes of the p, Longs

solar spots ; the dillerence is chiefly in superficial ex-account of

tent of length and breadth; their depth or thicknessthem.

duced were two in number. He ordered, that after
the 4th of October 1582, ten days should be omitted,
+so0 that the day which succeeded the 4th was reckoned
not the gth but the 15th of the montbh. This correct-
ed the error which had crept into the Julian year. To
prevent any such error from accumulating again, be
ordered that the secular years 1700, 1800, 1900, shoutd
not be bissextile bnt common years; that the secular

year 2000 should be bissextile, the next three secular
vears common, the fourth again bissextile, and so on,
as in the following table. -

2600 common.

1600 bissextile. 2100 common.

1700 common. 2200 ib. 2700 ib.
1800 ib. 2300 ib. 2800 bissextile.
1900 ib. - 2400 bissextile. 29oo common.

2000 bissextile. 2500 common. 3000 ib.

In short these secular years only are bissextile whose
number, omitting the cyphers, is divisible by 4.

The Gregorian calendar is sufficiently exact for the
purpozes of common life, though it does not correspond
precisely with the revolution of the sun. The error
will amount to a day in 3600 years, so that in the year
5200 it will be nececsary to omit the additional day
which ought to be adde:iy according to the rule laid
down above.

The Gregorian calendar was immediately adopted
Ly all the Roman Catholic kingdoms in Furope, but
the Protestant states refused at first to accede to it. It
was adopted by most of them on the continent abaut

_ the beginning of the 18th century; but in England

the change did not take place till 1752. From that
year 11 days were omitted ; the omission of the addi-
tional day in 1700 having made the difference between
the Julian and Gregorian calendar amount to 11 days.
The Julian calendar is called the o/d style, the Grego-
rian, the new style. At present the difference between
them is 12 days, in consequence of the omission of the
additional day in 1800.

is very small ; some have been so large, as by compu-
tation to be capable of covering the continents of Asia
and Africa ; nay, the whole surface of the earth, or
even five times its surface. The diameter of a spot,
when near the middle of the disk, is measured by com-
paring the time it takes in passing over a cross hair in
a telescope, with the time wherein the whole disk of
the sun passes over the same hair; it may also be mea-
sured by the micrometer; and by either of these me-
thods we may judge how many times the diameter of
the spot is contained in the diameter of the sun. Spots
are subject to increase and diminution of magnitude,
and seldom continue long in the same state. They are
of various shapes ; most of them baving a deep black
nucleus surrounded by a dusky cloud, whereof the in-
ner parts near the black are a little brighter than the
outskirts., They change their shapes, ssmething in the

" manner that our clouds do; though not often so sud-

denly; thus, what is of a certain figure to-day, shall
to-morrow, or perhaps in a few bours, be of a different
one ; what is inow but one spot, shall in a little time
be broken into two or three ; and sometimes two or
three spots shall coalesce, and be united ioto one. Dr
Long, many years since, while he was viewing the
image of the sun through a telescope cast upon white
paper, saw one roundish spot, by estimation not much
less than the diameter of our earth, break into two,
which receded from one another with prodigious velo-
city. This observation was singular at the time; for
though several writers had taken notice of this after it
was done, none of them had been making any observa-
tion at the time it was actually doing. h

e
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The number of spots on the sun is very uncertain j
sometimes there are a great many, sometinies very few ;
and sometimes none at all. Scheiner made observa-

Hesxvenly tions on the sun from 1611 to 1629 ; and says he ne-

67
The selar

ver found its disk quite free of spots, excepting a few
days in December 1624. At other times he {requent-
ly saw 20, 30, and in the year 1625 he was able to
count §o spots on the sun at'a time. In an interval af-
terwards of 20 years, from 1650 to 1670, scarce any
spots were to be seen, and since that time some ycars
have furnished a great number of spots, and others
none at all ; but since the beginning of the last century,
not = year paseed wherein some were not seen ; and at
present, says Mr Cassini, in his Elemens d’ Astronomie
published in 1740, they are so frequent, that the sun
13 seldom without spots, and often shows a good number
of them at a time.

From these phenomena, it is evident, that the spots
are not endowed with any permanency ; nor are they
at all regular in their shape, magnitude, number, or
in the time of their appearance or continuance. He-
velius observed one that arose and vanished in 16 or
1% hours; nor has any been observed to continue
longer than 70 days, which was the duration of one in
the year 1676. Those spots that are formed gradually,
are gradually dissolved ; while those that arise sudden-
ly, are for the most part suddenly dissolved. When a
spot disappears, that part where it was generally be-
comes brighter than the rest of the sun, and continues so
for several days : on the other band, those bright parts
(called facule, as the others are called maculz) some-
times tarn to spots.

The solar spots appear to have a motion which
carries them across the sun’s disk. Every spot, if it

ﬁ.'.,. continues long enough without being dissolved, appears

to east.

to enter the sun’s disk on the east side, to go from
thence with the velocity continually increasing till it has
gone half its way ; and then to move slower and slower,
till it goes off at the west side ; after which it disap-

- pears for about the same space of time that it spent in
crossing the disk, and then enters upon the east side
again, nearly in the same place, and crosses it in the
same track, and with the same unequal motion as before.
This apparent inequality in the motion of the spots is
purely optical, and is in such proportion as demonstrates
them to be carried round equably or in a circle, the
plane of which continued passes through or neur the eye
of a spectator upon the earth.

Besides the real changes of the spots already men-
tioned, there is another which is purely optical, and is
owing to their being seen on a globe differently turned
towards us. If we imagine the globe of the sun to
have a number of circles drawn upon its surface, all
passing through the poles, and cutting his equator at
equal distauces, these circles which we may call meri-
dians, if they were visible, would appear to us at un-
equal distances, as in fig. 2. Now, suppose a spot
were round, and ‘so large as to reach from one weri-
dian to another, it would appear round only at g, when
it was in the middle of that half of the globe which is
towards our earth ; for then we view the full extent of
it in length and breadth: in every other place it turns
away from us, and appears narrower, though of the
same length, the farther it is from the middle; and on

“bra is perpetually varying.

ASTRONOMY.

its coming on at a, and going off at n, it appears as
small as a thread, the thin edge being then all that we
see.

These spots have made us acquainted with a very
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important phenomenon, namely the rotation of the sun ()

upon its axis. Amidst the changes which these spots
are continually undergoing, regular motions may be
detected, agreeing exactly with the motion of the sur-
face of the sun, on the supposition that this luminary
revolves round an axis almost perpendicular to the
ecliptic in the same direction with its motion in its or-
bit round the earth. By a carefut examination of the
motion of these spots, it has been ascertained that the
eun turns round its axis in about 25 days and a half,
m;d that its equator is inclined to the ecliptic about

The spots on the sun’s disk are almost always con-
fined to a zone, extending about 30°.5 on each side
of the equator. Sometimes, however, they have been
observed at the distance of 39°§ from the equator of
the sun.

Bouguer demonttrated, by a number of curious ex-
periments on the sun’s light, that the intensity of the
light is much greater toward the centre of the sun’s
disk than towards its circumference. Now, when a
portion of the sun’s surface is tramsported by the rota-
tion of that luminary from the centre to the circumfe-
rence of his disk, as it is seen under a smaller angle, the
intensity of its light, instead of diminishing, ovght to
increase. Hence it follows, that part of the light
which issues from the sun towards the circumference of
his disk, must be somehow or other prevented from
making its way to the earth. This cannot be account-
ed for, without supposing that the sun is surrounded by
a dense atmosphere, which, being traversed obliquely
by the rays from the circomference, intercepts more
of them than of those from the centre which pass it per-
pendicularly.

The phenomena of the solar spots, as delivered by
Scheiner and Hevelius, ma
following particulars. 1. Every spot which hath a
nucleus, or considerably dark part, hath also an umbra,
or fainter shade, surrounding it. 2. The boundary
between the nucleus and umbra is always distinct and
well defined. 3. The increase of a spot is gradual, the
breadth of the nucleus and umbra dilating at the same
time. 4. In like manner, the decrease of a spot is gra-
dual, the breadth of the nucleus and umbra contracting
at the same time. §. The exterior boundary of the
umbra never consists of sharp angles; but’is always
curvilinear, how irregular soever the outline of the nu-~
cleus may be. 6. The nucleus of a spot, whilst on
the decrease, often changes its figure by the umbra
encroaching irregularly upen it, ipsomuch that in a
small space of time new encreachments are discernible,
whereby the boundary between the nucleus and um-
7. It often happens, by
these encroachments, that the nuclens of a spot is di-
vided into twe or more nuclei. 8. The nuclei of the
spots vanish sooner than the umbra. 9. Small umbra
are often seen without nuclei. 10. An umbra of any
considerable size is seldom seen without a nucleus in the
middle of it. 11. When a spot which consisted of a
nucleus and umbra is about to disappear, if it is not suo-

63
Aecount of

be summed up in the the phe-

nomena by
different
observers,
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ceeded by a facula, or spot brighter than the rest of
the disk, the place where it was is soon after not di-
stinguishable from the rest.

In the Philosophical Transactions, vol. Ixiv. Dr
Wilson, professor of astronomy at Glasgow, bath given
a dissertation on the nature of the solar spots, and men-
tions the following appearances. 1. When the spot is
about to disappear on the western edge of the sun’s limb,
the eastern part of the umbra first contracts, then va-
nishes, the nucleus and western part of the umbra re-
maining ; then the nucleus gradually contracts and va-
nishes, while the western part of the umbra remains.
\At last this disappears also; aud if the spot.remains
long enough to become again vicible, the eastern part
of the umbra first becomes visible, then the nucleus;
and when the spot approaches the middle of the disk,
the nucleus appears environed by the umbra on all
sides, as already mentioned. 2. When two spots lie
very near to one another, the umbra is deficient on that
side which lies next to the other spot: and this will be
the case, though a large spot should be contiguous to
ene much smaller; the umbra of the large spot will be
totally wanting on that side next the small one. If there
are little spots on each side of the large one, the umbra
does not totally vanish ; but appears flattened or pressed
in towards the nucleus on each side. 'When the little
spots disappear, the umbra of the large one extends it-
self as usual. This circumstance, he observes, may
sometimes prevent the disappearance of the umbra in
the manner above mentioncd; so that the western
umbra may disappear before the nucleus, if a small spot
happens to break out on that side.

In the same volume, p. 337. Mr Wollaston observes,
that the appearances mentioned by Dr Wilson are not
constant. He positively affirms, that the facule or
bright spots on the sun are often converted into dark
ones. ‘I have many times (says he) observed, near
the eastern limb, a bright facula just come on, which
has the next day shown itself as a spot, though I do
not recollect to have seen such a facula near the western
one after a spot’s disappearance. Yet, I believe, both
these circumstances have been observed by others; and
perhaps not only near the limbs. The circumstance
of the faculee being converted into spots, I think I may
be sure of. That there is generally (perhaps always)
a mottled appearance over the face of the sun, when
carefully attended to, I think I may be as certain. It
is most visible towards the limbs, but I have undoubt-
edly seen it in the centre; yet I do not recollect to
have observed this appearance, or indeed any spets, to-
wards the poles. Once I saw, with a twelve inch re-
flector, a spot burst to pieces while I was looking at it.
I could not expect such an event, and therefore cannot
be certain of the exact particulars; but the appearance,
as it struck me at the time, was like that of a piece of
ice when dashed on a frozen pond, which breaks to
pieces and slides in various directions.” He also ac-
quaints us, that the nuclei of the spots are not always
in the middle of the umbre ; and gives the figure of one
seen in November 13th 1773, which is a remarkable in-
stance to the contrary, Mr Dunn, however, in his new
Atlas of the Mundane System, gives some particulars
very different from the above. ¢ The face of the sun
(says be) has frequently many large black spots, of
various forms and dimensions, which move from east to

west, and round the sun, according to some observa- A ppa:
tions in 25 days, accordingrto others in 26, and accord- MToei
ing to some in 27 days. The black or central part of H°f s
each spot is in the middle of a great number of very ;:}:
small ones, which permit the light to pass between ‘s, =
them. The small spots are scarce ever in contact with
the central ones: but, what is most remarkable, when
the whole spot is near the limb of the sun, the sur-
rounding small ones form nearly a straight line, and
the central part projects a little over it, like Saturn in
his ring.” 70
Dr Herschel, with a view of ascertaining more ac- Hersebel
curately the nature of the sun, made frequent observa. observa-
tions upon it from the year 1779 to the year 1794, U°R%
He imagiues that the dark spots on the sun are moun-
tains on its surface, which, considering the great at-
traction exerted by the sun upon bodies placed at its
surface, and the slow revolution it has upon its axis, he
thinks may be more than 300 miles high, and yet
stand very irmly. He says, that in Avgust 1792, he
examined the sun with several powers from go to 5003
and it evidently appeared that the dark spots are the
opaque ground or body of the sun; and that the lu-
minous part is an atmosphere, which, being interrupted
or broken, gives us a view of the sun itself. Hence he
concludes, that the sun has a very extensive atmosphere,
which consists of elastic fluids that are more or less
lucid and transparent; and of which the lacid ones fur-
nish us with light. This atmosphere, be thinks, is not
less than 1843, nor more than 2765 miles in height 3
and, he supposes, that the density of the luminous solar
clouds need not be much more than that of our aurora
borealig, in order to produce the effects with which we
are acquainted. The sun then, if this hypothesis be ad-
mitted, is similar to the other globes of the solar system,
with regard to its solidity—its atmosphere—its surface
diversified with mountains and valleys—its rotation on
its axis—and the fall of heavy bodies on its surface ; it
therefore appears to be a very eminent, large, and lu-
cid planet, the primary one in our system, dissemina-
ting its light and heat to all the bodies with which it is
connected.
Dr Herschel has lately given up the use of the old
terms such as spots, nuclei, penumébre, &c. and bas in-
troduced a number of new terms, which he considers as
more precise. It will be necessary, before we proceed
farther, to insert his explanation of these terms. 7
¢ The expressions,” says he, *“ which I have used Esplans-
are openings, shallows, ridges, nodules, corrugations, tion of his
tndentations, and pores. tems.
‘¢ Openings are those places where, by the accidental
removal of the luminous clouds of the sun, its own solid
body may be seen; and this not being lucid, the open-
ings through which we see it may, by a common tele-
scope, be mistaken for mere black spots, or their nuclei.
‘¢ Shallows are extensive and level depressions of the
luminous solar clouds, generally surrounding the open-
ings to a considerable distance. As they are less lumi-
nous than the rest of the sun, they seem to have some
distant, though very imperfect resemblance to penum-
bree; which might occasion their having been called so
formerly.
¢ Ridges are bright elevations of luminous matter,
extended in rows of an irregular arrangement.
¢ Nodules are also bright elevations of luminous mat-
ter,
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ter, but confined to a small space. These nodules, and
ridges, on account of their being brighter than the ge-
neral surface of the sun, and also differing a little from
it in colour, have been called faculee, and luculi.

¢ Corrugations, I call that very particular and re-
markable unevenness, ruggedness, or asperity, which is
peculiar to the luminous solar clouds, and extends all
over the surface of the globe of the sun. As the de-
pressed parts of the corrugations are less lJuminous than
the elevated ones, the disk of the sun has an appearance
which may be called mottled.

Indentations are the depressed or low parts of the
ocorrugations ; they also extend over the whole surface
of the luminous solar clouds.

Pores are very small holes or openings, about the
middle of the indentations.

From the numerous observations of this philosopher
he has drawn the following conclusions :— )

1. Openings are places where the luminous clouds
of the sun are removed : large openings have generally
shallows about them ; but small openings are generally
without shallows. They have generally ridges and
nodules about them, and they have a tendency to run
into each other. New openings often break out near
other openings. Hence he supposes that the openings
are occasioned by an elastic but not luminous gas, which
comes up through the pores and incipient openings,
and spreads itself on the luminous clouds, forcing them
out of its way, and widening its passage. Openings
sometimes differ in colour; they divide when decayed ;
sometimes they increase again ; but when divided they
usually decrease and vanish ; sometimes they become
large indentations, and" sometimes they turn into
pores.

2 Shallows are depressed below the general surface
of the sun, and are places from which the luminous so-
lar clouds of the upper regions are removed. Their
thickness is visible ; sometimes they exist without open-
ings in them. Incipient shallows come from the open-
ings, or branch out from shallows already formed, and
go forward. He supposes that the shallows are occa-
sioned by something coming out of the openings, which,
by its propelling motion, drives away the luminous
clouds from the place where it meets with the least re-
sistance ; or which, by its nature, dissolves them as it
comes up to them. lty it be an elastic gas, its levity
must be such as to make it ascend through the inferior
region of the solar clouds, and diffuse itsell among the
superior luminous matter.

3. Ridges are elevations above the general surface of
the lyminous clouds of the sun. One of them, which he
measpred, extended over an angular space of 2’ 45".9,
which is nearly 75,000 miles.

Ridges generally accompany openings: but they
often also exist in places where there are no openings.
They usually disperse very soon. He supposes, that
the openings permit a transparent elastic fluid to come
out, which disturbs the luminous matter on the top, so
as to occasion ridges and nodules; or, more precise-
ly, that some elastic gas, acting below the luminous
clouds, lifts them up, or increases them; and at last
fox::;es itself a passage through them, by throwing them
aside.

4. Nodules are small, but highly elevated luminous
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places. He thinks that they may be ridges fore-short- Apparent

ened.

5. Corrugatious consist of elevations and depressions.
They extend all over the surface of the sun ; they change
their shape and sitvation ; they increase, diminish, di-
vide, and vanish quickly. Dispersed ridges and no-
dules form corragations. .
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. . . 6
6. The dark places of corrugations are indentations. Poren

Indentations are usually without openings, though in
some places they contain small ones. They change to
openings, and are of the same nature as shallows. They
are low places, which often contain very small open-
ings. They are of different sizes, and are extended all
over the sun. With low magnii"ying powers they appear
like points. The low places of indentations are pores.
Pores increase sometimes, and become openings : they
vapish quickly.

“ It must be sufficiently evident,” says Dr Hers-
chel, *“from what we have shown of the nature of
openings, shallows, ridges, nodules, corrugations, in-
dentations, and pores, that these phenomena could not
appear, if the shining matter of the sun were a liquid ;
since, by the laws of hydrostatics, the openings, shal-
lows, indentations, and pores, would instantly be fill-
ed up; nor could ridges and nodules preserve their
‘Whereas, many open-
ings have been kaown to last for a whole revolution
of the sun; and extensive elevations have remained
supported for several days. Much less can it be an
elastic fluid of an atmospheric nature : this would be

* still more ready to fill up the low places, and to ex-

pand itself to a level at the top. It remains, therefore,
only for us to admit this shining matter to exist in-the
manner of empyreal, luminous, or phosphoric clouds,
residing in the higher regions of the solar atmo-
sphere.”

77

From his observations, Dr Hergchel concludes, that gy, re.
there are two different regions of solar clouds ; that the gions of se-
inferior clouds are opaque, and probably not unlike lar clouds.

those of our planet ; while the superior are luminous, and
emit a vast quantity of light : that the opaque inferior
clouds probably suffer but little of the light of the
self-luminous superior clouds to come to the body of
the sun. * The shallows about large openings,” he
observes, ‘¢ are generally of such a size, as hardly to
permit any direct illumination from the superior olouds
to pass over them into the openings; and the great
beight and closeness of the sides of small ones, though
not often guarded by shallows, must also have nearly
the same effect. By this it appears, that the planetary
clouds are indeed a most effectual curtain, to keep the
brightness of the superior regions from the body of

the sun.
¢ Another advantage arising from the planetary
clouds of the sun, is of no less importance to the whole
Corrugations are everywhere dispersed
over the sun; and their indentations may be called
shallows in miniature. From this we may conclude,
that the immense curtain of the planetary solar clouds
is everywhere closely drawn ; and, as our photometri-
cal experiments have proved that these clouds reflect
no less than 469 rays out of 1000, it is evident that
they must add a most capital support to the splendour
of the sun, by throwing back so great a share of the
. ‘K brightness
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Apparent brightness coming to them from the illomination of the

whole superior regions.”
These observations are sufficient to prove, that the
sun has an atmosphere of great density, and extending

‘——y— to & great height. Like our atmosphere, it is obvi-

78
Theory of
the solsr
phenome-
na.

ously subject to agitations, similar to our winds; and
it is also transparent. The following is Dr Her-
schel’s theoretical explanation of the solar pheno-
mena.

¢ We have admitted,” says he, ¢ that a transparent
elastic gas comes up through the openings, by forcing
itself a passage through the planetary clouds. Our
observations seemed naturally to lead to this supposi-
tion, or rather to prove it; for, in tracing the shal-
Jows to their origin, it has been shown, that they al-
ways begin from the openings, and go forwards. We
bave also seen, that in one case, a particular bias gi-
ven to incipient shallows, lengthened a nomber. of
them out in ong certain direction, which evidently de-
noted a propelling force acting the same way in them
all. I am, however, well ‘prepared to distinguish be-
tween facts observed, and the cousequences that in rea-
soning upon them we may draw from them ; and it
will be easy to separate them, if that should hereafter
be required.

If, however, it be now allowed, that the cause

‘we have assigned may be the true one, it will then

appear, that the operations which are carried on in
the atmosphere of the sun are very simple and uni-
form.

¢ By the nature and construction of the sun, an ela-
stic gas, which may be called empyreal, is constantly
formed. This ascends everywhere, by a specific gra-
vity less than that of the general solar atmospheric gas
contained in the lower regions, When it goes up in
moderate quantities, it makes itself small passages
among the lower ;regions of clouds: these we have
frequently observed, and have called them pores. We

- have shewn that they are liable to continual and quick

changes, which must be a natural consequence of their
fleeting generation. :

¢ When this empyreal gas has reached the higher
regions of the sun’s atmosphere, it mixes with other
gases, which, from their specific gravity, have their
residence there, and occasions decompositions which
produce the appearance of corrugations. It has been
shown, that the elevated parts of the corrugations are
small self-luminous nodules, or broken ridges; and I
have used the name of self-luminous cloads, as a gene-
ral expression for all phenomena of the sun, in what
shape soever they may appear, that shine by their own

light. These térms do not exactly convey the idea af- -

fixed to them ; but those of meteors, coruscations, in-
flammations, luminous wisps, ar others, which I might
have selected, would have been liable to still greater
objections. It is true, that when speaking of clouds,
we generally conceive something too gross, and even
too permanent, to permit us to apply that expression
properly to luminous decompositions, which camnot
float or swim in air, as we are used to.see our plane-
tary clouds do. But it should be remembered, that, on
account of the great compression arising from the force
of the gravity, all the elastic solar gases must be much
condensed ; and that, consequently, phenomena in the
sun's atmosphere, which in ours would be mere transi-
2

tory coruscations, such as those of the aviera borealis,
will be so compressed as to become much more effica-
gious and permanent.

¢ The great light occasioned by the brilliant supe-
rior regions, must scatter itself on the tope of the infe-
rior planetary clouds, and, on account of their great
deusity, bring on a very vivid reflection. ‘Between
the interstices of the elevated parts of the corrugations,
or self-luminous clouds, which, according to the ob-
servations that have been given, are not closely con-
nected, the light reflected from the lower clouds will
be plainly visible, and, being considerably less intense
than. the direct illumination from the upper regions,
will occasion that faint appearance which we have call-
ed indentations,

¢ This mixture of the light reflected from the inden-
tations, and that which is emitted directly from -the
higher parts of the corrugations, unless very attentively
examined by a superior telescope, will only bave the re-
semblance of a mottled surface.

“ When a quantity of empyreal gas, more than what
produces ouly pores in ascending, is formed, it will make
itself small openings ; or, meeting perhaps with some
resistance in passing upwards, it may exert its action in
the production of ridges and nodules, .

¢ Lastly, If still further an uncommon quantity of
this gas should be formed, it will burst through the pla-
netary regions of clouds, and thus will produce great
openings ; then, spreading itself above them, it will oc-
casion large shallows, and, mixing afterwards gradoal-
ly with other superior gases, it will promote the in-
crease, and assist in the maintenance, of the general lu-
minous phenomena.

¢« If this account of the solar appearances should be
well founded, we shall have no difficulty in ascertaih-
ing the actual state of the sun, with regard to its ener-
gy in giving light and heat to our globe ; and nothing
will now remain, buat to decide the question which
will naturally occur, whether there be actually any
considerable difference in the quantity of light and
heat emitted from the sun at different times.” This
question he decides in the affirmative, considering the
great number of spots as a preof that the sun is emit-
ting a great quantity of light and heat, and the want
of spots as the contrary, The first is connected with
a warm and good season ; the second, on the contrary,
produces a bad one *.

Cuar. IL. Of the Moon.

. NEXT to the sun, the most conspicueus of all the
heavenly bodies is the moon. The changes which
it undergoes are more striking and more frequent than
those of the sun, and its apparent motions much more
rapid. Hence they were attended to even before those
of the sun were known; a fact which explains why
the first inhabitants of the earth reckoned their time
by the moon’s motions, and of course followed the
lunar instead of the solar year. In considering the
moon, we shall follow the same plan that we observed
with respect to the sun. 'We shall first give an account
of her apparent motions ; and, secondly, of her nature
as far as it has been ascertained. These topics shall oc-
cupy the two following sections. s
ECT.
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Part 11,

‘;‘[‘5:‘::: Sxccr. I. Of the Apparent Motions of the Moon.
of the The moon, like the sun, has a peculiar motion from
Hl;:d'ieel:’ east to west. If we observe her any evening when she

i is situated very near any fixed star, we shall find her,
79 in 24 hours, about 13° to the east of that star; and
Moan's mo- her distance continually increases, till at last, after a
tion in her ¢ortain number of days, she returns again to the same
orbit. star from the west, having performed a corpplete revo-
lution in the heavens. - By a continued series of obser-

vations it has been ascertained, that the moon makes a

complete revolution in 27.32166118036 days, or 2%

days 7 hours 43' 11” 317/ 35", Such at least was

the duration of its revolution at the commencement of

1700. But it does not remain always the same. From

a comparison between the observations of the ancients

and those of the moderns, it appears, that the mean

motion of the moon in her orbit is accelerating. This
acceleration, but just sensible at present, will gradually

become more and more obvious. It is a point of great
importance to discover, whether it will always conti-

nue to increase, or whether, after arriving at a certain

maximum, it will again diminish. Observations could
be of no service for many ages in the resolution of this
question ; but the Newtonian theory has enabled astro-
nomers to ascertain that the acceleration is periodi-
cal.

The moon’s motion in her orbit is still more unequal
than that of the sun. In one partof her orbit she moves
faster, in another slower. By knowing the time of a
complete revolution, we can easily calculate the mean
motion for a day, or any given time; and this mean
motion is called the mean.anomaly. The true motion is
called the true anomaly : the difference between the two
is called the equation. Now the moon’s equation some-
times amounts to 6° 18’ 32",

Her apparent diameter varies with the velocity of
her angular motion. When she moves fastest, her dia-
meter is largest ; it is smallest when her angular motion
is slowest. When smallest, the apparent diameter is
0.489420°; when biggest, it is 0.558030°% Hence it
follows, that the distance of the moon from the earth
varies. By following the same- mode of reasoning,
which we have detailed in the last chapter, Kepler as-
certained that the orbit of the moon is an ellipse, having
the earth in one of its foci. Her radius vector describes
equal areas in equal times ; and her angular motion is
invegsely proportional to the square of her distance from
the earth.

8o
Elliptical.

s ez:m_ The eccentricity of the elliptic orbit of the moon,
tricity.  has been ascertained to amount to 0.0550368, (the

mean distance of the earth being represented by unity) ;
or the greater axis is to the smaller, nearly as 100,000
to 99,848. ‘

That point of the moon’s orbit which is nearest the

earth, is called the perigee; the opposite point is the

apogee. 'The line which joins these opposite points, is
called the line of the moon’s apsides. It moves slowly
eastward, completing a sidereal revolution in 3232.46643
days, or nearly g years.

81 he inclination of the moon’s orbit is also va-
"°°l“‘:..:" rinble : the greatest inequality is proportional to the
iy cosine of twice the sun’s angular distance from the

ascending node, and amounts when a maximum to

0.14679°%
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Even the elliptical orbit of the moon represents but Apparent
imperfectly ber real motion round the earth; for that Motioas
luminary is subjected to a great number of irregularities, H:: “‘e’:l .
evidentiy connected with the positipus of the sun, which “pogies”
considerably alter the figure of ber orbit. The three
following are the principal of these. 83

1. The greatest of all, and the one which was first as- The evec.
certained, is called by astronomers the moon’s etectron. tion.

It is proportional to the sine of twice the mean angular
distance of the moon from the sun, minus the mean an-
gular distance of the moon from the perigee of its orbit:
Its maximum amounts to 1.3410% In the oppositions
and conjunctions of the sun and moon it coincides with
the equation of the centre, which it always diminishes.
Hence the ancients, who determined that equation by
means of the eclipses, found that equation smaller than
it is in reality. 84

2. There is another inequality in the motion of the Variations.
moon, which disappears during the conjunctions and ’
oppositiens of the syn and moon ; and likewise whea
these bodies are go° distant from each other. It is at
its maximum when their mutual distance is about 45°,
and then amounts to about 0.594° Hence it has been
concluded to be proportional to the sine of twice the
mean angular distance of the moon from the sun. This
inequality is called the variation. 1t-disappears'during
the eclipses. . 85

3. The moon’s motion is accelerated when that of Annual
the sun is retarded, and the contrary. This occasionsequation
an irregularity called the annual equation. It follows
exactly the same law with that of the equatson of the
centre of the sun, only with a contrary sine. At its
maximum it amounts to 0.18576° During eclipses, it
coincides with the equation of the sun. '

The moon’s orbit is inclined to the ecliptic at an
angle of 6.14692% The points where it intersects the
ecliptic are called the nodes. Their position is not fix~
ed in the beavens. They have a retrograde motion,
that is to say, a motion contrary to that of the sun.

This motion may be easily traced by marking the suc-

cessive stars which the moon passes when' she crosses ¢
the ecliptic. They make a complete revolution of the Revolution
beavens in 6793.3009 days. The ascending node is of her.
that in which the moon rises above the ecliptic towards nodes
the north pole, the descending node that in which she

sinks below the equator towards the south pole. The

-

'motion of the nodes is subjected to several irregulari-

ties, the greatest of which is proportional to the sine of
twice the angular distance of the sun from the ascend-
ing node of the lunar orbit. 'When at a maximam, it
amounts to 1.62945°. The inclination of the orbit
itself is variable. Its greatest inequality amounts to
0.14679° It is proportional to the cosine of the same

angle on which the irregularity in the motion of the

nodes depends.
The apparent diameter of the moon varies as well
as that of the sun, and in a more remarkable manner.
‘When smallest, it measures 29.§'; when largest, 34"
This must be owing to the distance of the moon from
the earth being subject to variations. .
The great distance of the sun from the earth renders pjoon'y
it difficalt to determine its parallax, on account of itsrallax.
minuteness. This is not the case with the moon. The
distance of that luminary from the earth may be deter
mined without much diﬁyculty.
Ea Let
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triangle are equal to 180 degrees, or to two right Appare

Let BAG (fig. 10.) be one half of the earth, AC
its semidiameter, S the sun, m the moon, and EKOL
a quarter of the circle described by the moon in re-
‘volving from the meridian to the meridian again. Let
CRS be the rational horizon of an observer at A, ex-
tended to the sun in the heavens ; and HAO, his sen-
sible horizon extended to the moon’s orbit. ALC is
the angle under which the earth’s semidiameter AC is
seen from the moon at L. ; which is eqyal to the angle
OAL, because the right lines AO and CL, which in-
clude both those angles, are parallel. ASC is the angle
under which the earth’s semidiameter AC is seen from
the sun at S: and is equal to the angle OA f, because
the lines AO and CRS are parallel. Now, it is found
by observation, that the angle OAL is much greater
than the angle OA f; but OAL is equal to ALC,
and OA f is equal to ASC. Now as ASC is much
less than ALC, it proves that the earth’s semidiameter
AC appears much greater as seen from the moon at L
than from the sun at S ; and therefore the earth is much
farther from the sun than from the moon. The quan-
tities of these angles may be determined by observation
in the following manner. »

Let a graduated instrument, as DAE (the larger
the better), having a moveable index with sight-boles,
be fixed in such a manner, that its plane surface may
be parallel to the plane of the equator, and its edge
AD in the meridian : so that when the moon is in the
equinoctial, and on the meridian ADE, she may be
seen through the sight-holes when the edge of the
moveable index cuts the beginning of the divisions at
o, on the graduated limb DE ; and when she is so seen,
let the precise time be noted. Now as the moon re-
volves about the earth from the meridian to the meri-
dian again in about 24 hours 48 minutes, she will go a
fourth part round it in a fourth part of that time, viz.
in 6 hours 12 minutes as seen from C, that is, from
the earth’s centre or pole. But as seen from A, the

" observer’s place on the earth’s surface, the moon will

seem to have gone a quarter round the earth when she
comes to the sensible horizon at O; for the index
through the sights of which she is then viewed will be
at d, go degrees from D, where it was when she was
seen at E. Now let the exact moment when the moon
is seen at O (which will be when she is in or near the
sensible horizon) be carefully noted (G) that it may be
known in what time she has gone from E to O; which
time subtracted from 6 hours 12 minutes (the time
of her going from E to L) leaves the time of her going
from O to L, and affords an easy method for finding
the angle OAL (called the moon’s korizontal parallax,
which is equal to the angle ALC) by the following
analogy : As the time of the moon’s describing the arc
EO is to go degrees, so is 6 hours 12 minutes to the
degrees of the arc DdE, which measures the angle
EAL; from which subtract go degrees, and there re-
mains the angle*OAL, equal to the angle ALC, un-
der which the earth’s semidiameter AC is seen from
the moon. . Now, since all the angles of a right-lined

angles, and the sides of a triangle are always propor-
tional to the sines of the opposite angles, say, by the
Rule of Three, As the sine of the angle ALC at the

moon L, is to its opposite side AC, the earth’s semii- ‘=

diameter, which is known to be 3985 miles; so is ra~
dius, viz. the sine of 9o degrees, or of the right angle
ACL, to its opposite side AL, which is the moon’s
distance at L from the observer’s place at A on the
earth’s surface ; or, so is the sine of the angle CAL
to its opposite side CL, wbich is the meon’s distance
from the earth’s centre, and comes out at a mean rate
to be 240,000 miles. The angle CAL is equal to what
CAL waats of go degrees.

Other methods have been fallen upon for determin- Another

ing the moon’s parallax ; of which the following is re- ™€
commended as the best, by Mr Ferguson, though hi-
therto it has not been put in practice. ¢ Let two ob-
servers be placed under the same meridian, one in the
northern bemisphere, and the other in the southern, at
such a distance from each other, that the arc of the ce-
lestial meridian incloded between their two zeniths may
be at least 80 or 9o degrees. Let each observer take
the distance of the moon’s centre from his zenith, by
means of an exceeding good instrument, at the moment
of her passing the meridian : and these two zenith di-
stances of the moon together, and their excess above
the distance between the two zeniths, will be the di-
stance between the two apparent places of the moon.
Then, as the sum of the natural sines of the two ze-
nith distances of the moon is to radius, so is the di-
stance between her two apparent places to her hori-
zontal parallax : which being found, her distance from
the earth’s centre may be found by the analogy men-
tioned above.

Thas, in fig. 11. let VECQ be the earth, M the
moon, and Zbaz an arc of the celestial meridian. Let
V be Vienna, whose latitude EV is 48° 20’ north ; and
C the Cape of Good Hope, whose latitude EC is 34%
30 south: both which latitudes we suppose to be ac-
curately determined beforehand by the observers. As.
these two places are on the same meridian 2 VECs,
and in different hemispheres, the sum of their lati-
tudes 82° 50’ is their distance from each other. Z is
the zenith of Vienna, and z the zenith of the Cape of
of Goud Hope ; which two zeniths are also 82° 5o’
distant from each other, in the common celestial meri-
dian Zz. To the observer at Vienna, the moon’s
centre will appear at a in the celestial meridian ; and
at the same instant, te the observer at the Cape, it will
appear at 5. Now suppose the moon’s distance Za
from the zenith of Vienna to be 38° 1’ 53", and her
distance % & from the zenith of the Cape of Good Hope
to be 46° 4’ 41" : the sum of these two zenith distan-
ces (Za4zb) is 84° 6 34”; from which subtract
82° 50', the distance of Z 2-between the zeniths of these
two places, and there will remain 1° 16 34" for the
arc b a, or distance between the two apparent places of :
the moon’s eentre, as seen from V' and from C. Then,

supposing

(6) Here proper allowance must be made for the refraction, which being about 34 minutes of a degree in
the horizon, will cause the moon’a centre to appear 34 minutes above the horizon when ber centre_is really

mat,
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Apparent supposing the tabular radius to be 10,000,000, the na-
Motions tural sine of 38° 1’ 53" (the arc Za) is 6,160,816, and
of the the patural sine of 46° 4' 41" (the arc zb) is 7,202,821
%ﬁ:l’ the sum of both these sines is 13,363,637. Say
ey therefore, As 13,363,637 is to 10,000,000, s0 is
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enlightened, the other half must be dark and invisible. Apparent
Hence she disappears when she comes between us and . Motlgl'
the sun; because her dark side is then towards us. H°“ ¢

. . . eavenly
When she is gone a little way forward, we see a little "gogies.
of her enlightened side : which still increases to OUr ey~

1° 16’ 34" to 57' 18", which is the moon’s horizontal
parallax.

If the two places of observation be not exactly un-
der the same meridian, their difference of longitude
must be accurately taken, that proper allowance may
be made for the moon’s declination whilst she is passing
from the meridian of the one to the meridian of the

view as she advances forward, until she comes to be
opposite to the sun; and then her whele enlightened
sidé is towards the earth, and she appears with a round
illuminated orb, which we call the full moon ; her
dark side being then turned away from the earth.
From the full she seems to detrease gradually as she
goes through the ether half of her course ; showing us.

89  other. less and less of her enlightened side every day, till her
r":“" From the theory of the parallax we know, that at next change or conjunction with the sun, and then she

the distance of the moon from'the earth the apparent
size of the earth would be to that of the moon as
21,352 to §823. 'Their respective diameters must be
proportional to these numbers, or almost as 11 to 3
Hence the bulk of the moon is 49 times less than that
of the earth.

9o
Herphases The different appearances, or phases, of the moon

explain

constitute some of the most striking phenomena of the
heavens. When she emerges from the rays of the sun
in an evening, she appears after sunset as a small cres-
cent just visible. The size of this crescent increases
continually as she separates to a greater distance from
the sun, and when she is exactly in opposition to that
luminsry, she appears under the form of a complete
circle. This circle changes into a crescent as she ap-
proaches nearer that luminary, exactly in the same man-
ner it had increased, till at last she disappears altoge-

_ ther, plunging into the sun’s rays in the morning at"

sunrise. The crescent of the moon being always di-
rected towards the sun, indicates obviously that she bor-
rows her light from that luminary; while the law of
the variation of her phases, almost proportional to the
versed side of the angular distance of the moon from
the sun, demonstrates that her figure is epherical.

Hence it follows, that the moon is an opaque spherical .

body.

Tyhese different phases of the moon are renewed afs
ter every conjunction. They depend upon the excess
of the synodical movement of the moon above that of
the sun, an excess which is usuvally termed the synodi-
cal motion of the moon. The duration of the synodi-
cal revolution of the moon in the mean period between
two conjunctions is 29.530588 days. 1t is to the tro-

disappears as before.
The moon has scarce any difference of seasons ; her
axis being almost perpendicular to the ecliptic. What
is very singular, one half of ber has no darkness at all;
the earth constantly affording it a strong light in the
sun’s absence ; while the other half has a fortnight’s
darkness and a fortnight’s light by turns.
Our earth is thought to be a moon to

as big, and affording her 13 times as much light as she
does us, When she changes to us, the earth appears
full to her; and when she is in her first quarter to
us, the earth is in its third quarter to her ; and vice
versa.

But from one half of the moon the earth is never -
seen at all : from the middle of the other half, it is al- -
ways seen over head ; turning round almost 30 times as
quick as the-moon does. From the circle which limits
our view of the moon, only one half of the earth’s side
next her is seen ; the other half being hid below the
horizoun of all places on that circle. To her the earth
seems to be the biggest body in the universe ; for it ap-
pears 13 times as big as she does to us.

As the earth turns round its axis, the several conti-
Dents, seas, and islands, appear to the moon’s inhabi-
tants like so many spots of different forms and bright-
Dess, moving over its surface ; but much fainter at some
times than others, as our clouds cover them or leave
them. By these spots the lunarians can determine the
time of the earth’s diurnal motion, just as we do the
maqtion of the sun: und perhaps they measure their time
by the motion of the earth’s spots: for they cannot -
bave a truer dial.

93
the moon ; Earth ap-
i i 1 but ing I3 timesFears s
waxing and waning regularly, but appearing 13 ti esfears s
o8r moon.

The moon’s axis is so nearly perpendicular to the'sow {he
ecliptic, that the sun never removes sensibly from her.lugar in-
equator ; and the obliquity of ber orbit, which is next habitants
to nothing as seen from the sun, caonot cause the sun 218 Hebe
to decline sensibly from her equator. Yet her inhabis '

pical year nearly in the ratio of 19 to 235, that is to
say, that 19 solar years consist of about 235 lunar
wonths.

The points of the lunar orbit, in which the moon is
either in conjunction or opposition to the sun are called

the sun's

syzigies. In the first point the moon is said to be new,
in the second to be full. The quadratures are those
points in which the moon is distant from the sun go® or
270°. Whea in these points, the moon is said to be in
her first and third quarter. One half only of the moon
isthen illaminated or seen from the earth. As a more
particilar account of these phases may be deemed ne-
cessary, we subjoin the following explanation, which
will perhaps be better understood by the generality of
readers,

The moon is an opaque globe like the earth, and
shines only by reflecting the light of the sun: there-
fore,. whilst that half of ber which is towards the sun is

tants are not destitute of means for ascertaining the
length of their year, though their metbod and ours must
differ. For we can know the length of our year by the
return of our equinoxes; but the lunarians having al-
ways equal day and night, must have recourse to an-
other method ; and we may suppose, they measure their
year by observing when either of the poles of our earth
begins to be enlightened, and the other to disappear,
which is always at our equinoxes; they being conve-
niently situated for observing great tracts of land about -
our earth’s poles which are entirely unknown to us.
Hence we may conclude, that the year is of the same
absolute length both to the earth and moon, though
very o

year.
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crease in the same proportion ; baving like phases at Apparent
equal distances from A to E, but as seen from the sun Al otions

38 ASTRONOMY.

Apparent Very different as to the number of days; we having 365%
Motions natural days, and-the lunarians only 12%, every day

Ho“h'l and night in the moon being as long as 297 on the 8 she is always full. of the
Bodies, €arth. The moon appears not perfectly round when she is n;:d'.’;;"
The moon’s inhabitants on the side next the earth full in the highest or lowest part of her orbit, because e
o4  may as easily find the longitude of their places as we we have not a full view of her enlightened side at that o6
Longitude can find the latitude of ours. For the earth keeping time. When full in the highest part of her orbit, a Never ap-
;:;:5 constantly, or very nearly so, over ofe meridian of the small deficiency appears on her lower edge; and the P*n7s Per-
: moon, the east or west distances of places from that me- contrary when full in the lowest part of ber orbit. ,::‘,5.
ridian are as easily found as we can find our distance It is plain by the figure, that when the moon changes
from the equator by the altitude of our celestial poles.  to the earth, the earth appears full to the moon ; and
As the sun can only enlighten that half of the earth wvice versa. For when the moon is at A, new to the
“which is at any moment turned towards him, and, be- earth, the whole enlightened side of the earth is towards
ing withdrawn from the opposite half, leaves it in dark- the moon; and. when the moon is at E, full to the
ness, so he likewise doth to the moon ; only with this earth, its dark side is towards her. Hence a new moon
difference, -that as the earth is surrounded by an at- answers to a full earth, and 2 full moon to a new earth.
mosphere, we have twilight after the sun sets 3 but if The quarters are also reversed to each other. 07
the moon has none of her own, nor is included in that Between the third quarter and change, the moon is Agrecable
of the earth, the lunar inhabitants have an immediate frequently visible in the forencon, even when the suntcpresenta-
transition from the brightest sunshine to the blackest shines; and then she affords us an opportunity of seeing "::,::h"
Fig. 1s.  darkness. For, let ¢tk sw be the earth, and A, B, averyagreeable appearance, wherever we find a globu-P
C, D, E, F, G, H, the moon in eight different parts of lar stone above the level of the eye, as suppose on the
her orbit. As the earth turns round its axis from west top of a gate. For, if the sun shines on tle stone, and
to east, when any place comes to ¢, the twilight begins  we place ourselves so as the upper-part of the stone may
there, and when it revolves from thence to 7 the sun 8  just seem to touch the point of the moon’s lowermost
rises ; when the place comes to s the sun sets, and when  horn, we shall then see the enlightened part of the stone
it comes to w the twilight ends. But as the moon exactly’of the same shape with the moon ; horned as she
turns round her axis, which is only once a-month, the is, and inclined the same way to the horizon. The rea-
‘moment that any part of her surface comes to r (see son is plain; for the sun enlightens the stone the same
the moon at G), the sun rises there without any pre- ay as he does the moon: and both being globes, when
vious warning by twilight ; and when the same point we put ourselves into the above sitvation, the moon and
comes to s the sup sets, and that point goes into dark- stone have the same-position to our eyes; and therefore
ness as black as at midnight. - we must see as much of the illuminated part of the one
Herﬁuet The moon being an opaque spherical body (for her as of the other.
explained. hills take off no more from her roundness than the in- The position of the moon’s cusps, or a right line

equalitics on the surface of an orange take off from ita
roundness), we can only see that part of the enlighten.
ed half of her which is towards the earth. And there-
fore, when the moon is at A, in conjunction with the
sun S, her dark half is towards the earth, and she dis-
appears, 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 to-
wards the earth; and she appears horned, as at &.
‘When she has gone a quarter of ber orbit from be-
tween the earth and sun to C, she shows us one half of
her enlightened side, as at ¢, and we say she is a quar-
ter old. At D, she is in her second octant; and by
showing us more of her enlightened side she appears

-gibbous, as at d. At E, her whole enlightened side is

towards the earth ; and therefore she appears round, as
at ¢; when we say it is full moon. In her third oc-
tant at F, part of her dark side being towards the

‘earth, she again appears gibbous, and is on the de-

crease, as at f. At G, we see just one balf of her en-
lightened side ; and she appears half decreased, or in
her third quarter, as at g. At H, we only see a quar-
ter of her enlightened side, being in her fourth octant ;
where She appears horned, as at 2. And at A, ba-
ving completed her course from the sun to the sun
again, she disappears; and we say it is new moon.
Thus, in goiug from A to E, the moon seems conti-
nually to increase ; and in going from E to A, to de-

touching the points of her horns, is very differently
inclined to the horizon at different hours of the same
day of ber age. | Sometimes she stands, as it were, up-
right on her lower horn, and then such a line is per-
pendicular to the horizon : when this happens, she is

in what the astronomers call the nonagesimal degree ; Nonagesi-
which is the highest point of the ecliptic above the ho- mal degree.

rizon at that time, and is go° from both sides of the
horizon where it is then cut by the ecliptic. But
this never happens when the moon is on the meridian,
except when she is at the very beginning of Cancer or
Capricorn.

The explanation of the phases of the moon leads us Eeﬁz.ge. of
to that of the eclipses ; those phenomena which former- the mocn.

ly were the subjects of dread and error, but which phi-
losophers have converted to the purposes of utility and
instruction. The moon can ouly become eclipsed by
the interposition of an opaque body, which intercepts
from it the light of the sun ; and it is obvious that this
opaque body is the earth, because the eclipses of the
moon never happen except- when the moon is in oppo-
sition, and consequently when thé earth is interposed
between ber and the sun. The globe of the earth pro-
jects behind it relatively to the motion of the sun a
conical shadow, whose axis is the straight line that
joins the centres of the earth and sun, and which ter-
minates at the point when the apparent diameters of
these two bodies become equal. The diameter of
these bodies seen from the centre of the moon in oppa«

- sition

o8
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sition, are nearly in the proportion of 3 for the sun aud
11 for the earth. Therefore, the conical shadow of the

earth is at least thrice as long as the distance between -

the earth and moon, and its breadth at the point where
it is traversed by the moon more than double the dia-
meter of that luminary.

The moon, therefore, would be eclipsed every time
that it is in opposition, if the plane of its orbit coincid-
ed with the ecliptic. But in consequence of the mu-
tual inclination of these two planes, the moon, when in
opposition, is often elevated above the earth’s conical
shadow, or deprcssed below it; and never can pass
through that shadow unless when it is near the nodes.
If the whole of the moon’s disk plunges into the
shadow, the eclipse is said to be totul; if only a part of
the disk enter the shadow, the eclipse is said to be par-
tial. ,

The mean duration of a revolution of the sun rela-

theecliptes tively to the nodes of the lunar orbit is 346.61963

101
Why the
moon is vi.
sible when

eclipeed.

days, and is to the duration of a synodical revolution
of the moon nearly as 223 to 19. nsequently, after
a period of 223 lunar months, the sun and moon return
nearly to the same situation relatively to the order of
the lanar orbit. Of course the eclipses must return in
the same order after every 223 lunations. This gives
us an easy method of predicting them. But the ine-
qualities in the motions of the sun and moon occasion
sensible differences; besides the return of the two lumi-
naries to the same points relatively to the nodes not be-
ing rigorously true, the deviations occasioned by this
want of exactness alter at last the order of the eclipses
observed during one of these periods.

The following explanation of the lunar eclipses be-
ing more particular, may be acceptable to some of our
readers.

That the moon can never be eclipsed but at the time
of her being full, and the reason wby she is not
eclipsed at every full, has been shown already. In
fig. 13. let S be the sun, E the earth, RR the earth’s
shadow, and B the moon in oppasition to the sun: In
this situation the earth intercepts the sun’s light in its
way to the moon; amd when the moon touches the
earth’s shadow at v, she begins to be eclipsed on her
eastern limb x, and continues eclipsed uatil her western
limb y leaves the shadow at w : at B she is in the mid-
die of the shadow, and consequently in the middle of
the eclipse. :

The moon, when totally eclipsed, is not invisible if
she be above the horizon and the sky be clear ; but ap-
pears generally of a dasky calour, like tarnished cop-
per, which some have thought to be the moon’s native
light. But the true cause of her being visible is the
scattered beams of the sun, bent into the earth’s sha-
dow by guing through the atmosphbere ; which, being
more or less dense near the earth than at considerable
beights above it, refracts or bends the sun’s rays more
inward, the nearer they are passing by the earth’s sur-
face, than those rays which go through higher parts of
the atmosphere, - where it is less dense according to its
beight, uatil it be so thin or rare as to lose its refrac-
tive power. Let the circle f] g, 4, 1, conceatric to the
earth, include the atmosphere whose refractive power
vanishes at the height fand s'; so that the rays W fw
and V #'v go on straight without sufféring the least re-

/
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fraction : but all those rays which enter the atmosphere Apparent
- between fand k, and between s and /, on opposite sides Motions

39

of the earth, are gradually more bent inward as they _ of the
go through a greater portion of the atmosphere, until B;:;?“l’

the rays W & and V / toaching the earth at m and n, ‘__‘::'_‘

are bent so much as to meet at ¢, a little short of the

moon ;. and therefore the dark shadow of the earth is

contained in the space m o0 p ¢ n, 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 enlightened by them ; and some of
those rays falling on the moon, give her the colour of
tai‘uisbeg copper or of iron almost red hot.  So that if

the earth had no atmosphere, the moen would be as

invisible in total eclipses as she is when new, If the

moon were 8o near the earth as to go ioto its dark..
shadow, suppose about po, she would be invisible du-

ring her stay in it ; but visible before and after in the

fainter shadow RR. )

When the moon goes through the centre of the
earth’s shadow she is directly opposite to the sun ; yet
the moon has been often seen totally eclipsed in the ho-
rizon, when the sun was also visible in the opposite part
of it; for the horizontal refraction being almost 34
minates of a degree, and the diameter of the sun and
moon being each at a mean state but 32 minutes, the
refraction causes both luminaries to appear above the -
borizon when they are really below it.

‘When the moon is full at 12 degrees from either of
ber nodes, she just touches the earth’s shadow, but en-
ters- not into it. In fig. 14. let GH be the ecliptic,
¢ f the moon’s orbit where she is 12 degrees from the
node at her full, ¢ d her orbit where she is 6 degrees .
from the node, @ b her orbit where she is full in the
node, AB._the carth’s shadow, and M the moon.
‘When the moon describes the line ¢/, she just touches
the shadow, but does not enter into it ; when she de-
scribes the line c d, she is totally, though not centrally, .
immersed iu the shadow ; and when she describes the
line a b, she passes by the node at M ia the centre of
the shadow, and takes the longest line possible, which
is a diameter, through it: and such an eclipse being
both total and central, is of the longest daration, name- .
ly, 3 h. §7 m..6 sec. from the begianing to the end, if
t{e moon be at her greatest distance from the earth;
and 3 b. 37 m. 26. sec. if she be at her least distance.
The reason of this difference is, that when the moon is
farthest from the earth, she moves slowest ; and when
nearest to it, quickest.

The moon’s diameter, as well as the sun’s, is suppo-

.sed te be divided into 12 equal parts, called digsts; and

80 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, shows how far the
shadow of the earth is over the body of the moon, on
that edge to which she is nearest at the middle of the
eclipse.

It is difficult to observe exactly either the beginning-L“::’
or ending of a lunar eclipse, even with a good telescope, eelipses

because the earth’s shadow is so faint and ill-defined difficultly
about the edges, that when the moon is either justobserved-

touching or leaving it, the obscuration of her limb is
scarce sensible 3 and therefore the nicest observers can
hardly be certain to four or five seconds of time. But

) both .
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Apparent both the beginning and ending of solar eclipses are vi-
Motions sibly instantaneous : for the moment that the edge of

tbe. moon’s disk touches the sun’s, his roundness seems
a little broke on that part: and the moment she leaves

‘e~ it, he appears perfectly round again.

103

The eclipses of the sun only take place during the

Edlipses of conjunctions of the sun and moon, or when the moon

the sun,

is placed between the sun and the earth, They are
owing to the moon concealing the sun from the earth,

or to the earth being plunged in the shadow of the

moon. The moon is indeed much smaller than the sun;
but it is so much nearer to the earth that its apparent
diameter does not differ much from the diameter of
that luminary: and, in consequence of the changes
which take place in the apparent diameter of these
bodies, it bappens that sometimes the apparent diame-
ter of the moon is greater than that of the sun. If we
suppose the centres of the sun and moon in the same
straight line with the eye of a spectator placed on the
earth, he will see the sun eclipsed. If the apparent dia-
meter of the moon happens to surpass that of the sun,
the eclipse will be fotal: but if the moon’s diameter be
smallest, the observer will see a luminous ring, formed
by that part of the sun’s disk which exceeds that of the
moon’s, and the eclipse’ will in that case be annular.
If the centre of the moon is not in the same straight
line which joins the observer and the centre of the sun,
the eclipse can only be partial, as the moon can only

“conceal a part of the sun’s disk. Hence there must be

a great variety in the appearance of the solar eclipses.
‘We may add also to these causes of variety the eleva-
tion of the moon above the horizon, which changes its
apparent diameter considerably. For it is well known,
that the moon’s diameter appears larger when she is near
the horizon than when she is elevated far above it. Now,
as the moon’s height above the horizon varies according
to the longitude of the observer, it follows, that the solar
eclipses will not have the same appearance to the obser-
vers situated in different longitudes. One observer
may see an eclipse which does not happen relatively to
another. In this respect the solar differ from the lunar
eclipses, which are the same to all the inhabitants of the
earth,

1(_,,:,;:”; In any year, the number of eclipses of both lumi-
eclipses in naries cannot be less than two, nor more than seven;

a year.

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-year, 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 193} degrees
backwards every year, the sun will come to either of
them 173 days after the other. And when either
node is within 17 degrees of the sun at the time of new
moon, the sun will be eclipsed. At the subsequent
opposition, the moon will be eclipsed in the other node,
and come round to the next conjuuction again ere the
former node be 17 degrees past the sun, and will there-
fore eclipse him again. When three eclipses fall
about either node, the like number generally falls
ahout the opposite ; as the sun comes to it in 173 days
afterwards ; and six lunations contain but four days
more. Thus, there may be two eclipses of the sun
and one of the moon about each of her nodes. But

3

when the moon changes in either of the nodes, she Apparent
cannot be near enough the other node at the next full Motions
to be eclipsed ; and in six lunar months afterwards she H“ the
will change nearer the other node ; in these cases, there ;:d';:”
can be but two eclipses in a year, and they are both Of s
the sun..

A longer period than the above mentioned, for com-
paring and examining eclipses which happen at long in-
tervals of time, is §§7 years, 21 days, 18 hours, 30 mi-
nutes, 11 seconds; in which time there are 6890 mean
lunations; and the sun and node meet again s0 nearly
as to be but 11 seconds distant; but then it is not the
same eclipse that returns, as in the shorter period above
mentioned. - 1o

Eclipses of the sun are more frequent than of the Wb,,s,o“
moon, because the sun’s ecliptic limits are greater than eclipses of
the moon’s ; yet we have more visible eclipses of the the moon
moon than of the sun, because eclipses of the moon are ﬁ:“.::::f
seen from all parts of that hemisphere of the earth which ,oryed.
is next her, and are equally great to each of those
parts: but the sun’s eclipses are visible only to that
small portion of the hemisphere next him whereon the
moon’s shadow falls.

The moon’s orbit being elliptical, and the earth in
one of its focuses, she is once at her least distance from
the earth, and once at her greatest in every lunation. g6
‘When the moon changes at her least distance from the Total and
earth, and so near the node that her dark shadow falls annular
upon the earth, she appears big enough to cover the
whole disk of the sun from that part on which her
shallow falls; and the sun appears totally eclipsed
there for some minutes s but, when the moon changes
at her greatest distance from the earth, and so near
the node that her dark shadow is directed towards the
earth, her diameter subtends a less angle than the
sun’s; and therefore she cannot hide his whole disk
from any part of the earth, nor does her shadow reach
it at that time ; and to the place over which the point
of ber shadow hangs, the eclipse is annular, the sun’s
edge appearing like a luminous ring all round the body
of the moon.

When the change happens within 17 degrees of the
node, and the moon at her mean distance from the
earth, the point of ber shadow just toucbes the earth
and she eclipseth the sun totally to that small spot
whereon her shadow falls ; but the darkness is net of a
moment’s continuance. -

The moon’s apparent diameter, when largest, ex-
ceeds the sun’s, when least, only 1 minute 38 seeonds
of a degree; and in the greatest eclipse of the sun
that can happen at any time and place, the total
darkness continues no longer than whilst the moon
is going 1 minute 38 seconds from the sun in her or-
bit, which is about 3 minutes and 13 seconds of an
hour. .

The moon’s dark shadow covers only a spot on the Exu:z of
earth’s surface about 180 English miles broad, when the moon’s
the moon’s diameter appears largest, and the sun’s least ; shadow an
and the total darkness can extend no farther than the Penumbr
dark shadow covers. Yet the moon’s partial shadow
or penumbra may then cover a circular space 4900
miles in diameter, within all which the sun is more or
less eclipsed, as the places are less or more distant from
the centre of the penumbra. 'When the moon changes

exactly
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Apparent exactly in the node, the penumbra is circular on the
Motions earth at the middle of the general eclipse; because at
H::::Iy that time it falls perpendicularly on the earth’s surface 3

Bodies. but at every other moment it falls obliquely, and will
ey’ therefore be elliptical ; and the more so, as the time
is longer before or after the middle of the general
cclipse ; and then much greater portions of the earth’s
sarface are involved in the penumbra.

When the penumbra first touches the earth, the ge-
neral eclipse begins ; when it leaves the earth, the ge-
neral eclipse ends : from the beginning to the end the
sun appears eclipsed in some part of the earth or other.
When the penumbra touches any place, the eclipse be-
gins at that place, and ends when the penumbra leaves
it. When the moon changes in the node, the pe-
numbra goes over the centre of the earth’s disk as
seen from the moon ; and consequently, by describing
the longest line possible on the earth, continues the
longest upon it ; namely, at a mean rate, § hours, §o
minates ; more, if the moon be at her greatest distance
from the earth, because she then moves slowest ; less
if she be at her least distance, because of her quicker
motion.

To make several of the ahove and other phenomena
plainer, let S be the sun, E the earth, M the moon,
and AMP the moon’s orbit. Draw the right line W e
from the western side of the sun at W, touching the
western side of the moon at ¢, and the earth ate:
draw also the right line V d, from the eastern side of
the sun at V, touching the eastern side of the moon at
d, and the earth at ¢: the dark space c¢ e d included
between those lines is the moon’s shadow, ending in a
point at e, where jt touches the earth ; because in this
case the moon is supposed to change at M in the
middle between A the apogee, or farthest point of her
orbit from the earth, and P the perigee, or nearest
point to it. For, liad the point P been at M, the
moon had been nearer the earth : and her dark shadow
at ¢ would have covered a space upon it about 180
miles broad, and the sun would have been totally dark-
ened, with some continuance : but had the point A
heen at M, the moon would have been farther from
the earth, and her shadow would have ended in a point
a little above e, and therefore the sun would bave ap-
peared like a luminous ring all around the moon. Draw
the right lines WX d % and VX ¢ g, touching the con-
trar{ sides of the sun and moon, and ending on the
earth at @ and b; draw also the right line SXM, from
the centre of the sun’s disk, through the moon’s cen-
tre to the earth; and suppose the two former lines
WX dkhand VX ¢ g torevolve on the line SXM as an
axis, and their points @ and & will describe the limits
of the penumbra T'T on the earth’s surface, including
the large space a b a; within which the sun appears
more or less eclipsed, as the places are more or less di-
stant from the verge of the penumbra a b.

Draw the right line y 12 across the sun’ disk, per-
pendicular to SXM the axis of the penumbra; then
divide the line y 12 into twelve equal parts, as in the
figure, for the twelve digits or equal parts of the sun’s
diameter; and at equal distances from the centre of
the penumbra at e (on the earth’s surface YY) to its
edge a b, draw twelve concentric circles, marked with
the numeral figures 1 2 3 4, &c. and remember that
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the moon’s motion in her orbit AMP is from west to Apparent

east, as from s to . 'Then, ) M?li:m
To an observer on the earth at b, the eastern limb _oftne

. Heavenly

of the moon at d seems to touch the western limb of “gigies.

the sun at W, when the moon is at M ; and the sun’s ‘st
eclipse begins at &, appearing as at A, fig. 15. at the
left bandj but at the same moment of absolute time,
to an observer at a in fig. 14. the western edge of the
moon at ¢ leaves the eastern edge of the sun at V, and
the eclipse ends, as at the right hand C, fig. 15. At
the very same instant, to all those who live on the
circle marked 1 on the earth A, in fig. 14. the moon
M cuts off or darkens a twelfth part of the sun S, and
eclipses him one digit, as at 1 in fig. 15.: to those
who live on the circle marked 2 in fig. 14. the moon
cuts off two twelfth parts of the sun, as at 2 in
fig. 15.: to those on the circle 3, three parts; and so
on to the centre at 12 in fig. 14. where the sun is
centrally eclipsed, as at B in the middle of fig. 15.;
under which figure there is a scale of honrs and mi-
nutes, to show 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 any particular time from the beginning at
A to the middle at B, or the end at C. Thus, in 16
minutes from the beginning, the sun is two digits
eclipsed ; in an hour and five minutes, eight digits;
and in an hour and 37 minutes, 12 digits.

By fig. 14. it is plain, that the sun is totally or
centrally eclipsed but to a small part of the earth at
any time, because the dark conical shadow e of the
moon M falls but on a small part of the earth; and
that the partial eclipse is confined at that time to the
space included by the circle a 4, of which only one half
can be projected in the figure, the other balf being
supposed to be hid by the convexity of the earth E;
and likewise, that no part of the sun is eclipsed to the
large space YY of the earth, because the moon is not
between the sun and any of that part of the earth;
and therefore to all that part the eclipse is invisible,
The earth turns eastward on its axis, as from g to 4,
which is the same way that the moon’s shadow moves ;
but the moon’s motion is much swifter in her orbit
from s ¢; and therefore, although eclipses of the sun
are of no longer duration on account of the earth’s
motion on its axis than they would be if that motion
was stopped, yet in four minutes of time at most, the
moou’s swifter motion carries her dark shadow quite
over any place that its centre touches at the time of
greatest obscuration. The motion of the shadow on the
earth’s disk is equal to the moon’s motion from the
sun, which is about 303 minutes of a degree every
hour at a mean rate: but so much of the moon’s orbit
is equal to 30% degrees of a great circl