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PROLEGOMENA.

CuarterR 1.

AN INTRODUCTORY SKETCH OF THE PROGRESS
OF ASTRONOMY.

Tue heavens declare the glory of Gop, and the firmament showeth His
handiwork.

Unxper this somewhat startling title, the reader is not about
to be inflicted with a detailed history of astronomy: it is only
intended to place before him, a condensed introduction to the
present conditions of the science, in fact—a reminder. It isin
the heavens that the Sovereign Wisdom manifests order and
harmony, regularity and proportion, greatness and majesty,
arrangement and destination, in astounding immensity: and it is
in the heavens that the amateur is to gather the practical results
of his studies. Now, as the development of the wonderful
mechanism there exhibited, apparently so baffling to reason, is
due to the genmius and perseverance of both theoretical and
practical astronomers, a rapid sketch of their services, with the
most correct ascertainable dates, may be a proper prelude to
the matters and opinions hereinafter delivered.

Astronomy, the name generally applied to the laws by which
the motions of the heavenly bodies, as well as of the earth, are
regulated, is the most exalted and advanced pursuit of the human
mind, and the noblest record of the perseverance of its intel-
lectual powers. The study of the celestial motions claims pre-
eminence as a science of theory and practice, of calculation and
prediction ; by extracting laws from what has occurred, and
applying those laws to phenomena which must again occur. It
is, in fact, almost the only branch of natural knowledge, in which
effects are completely subjugated to causes, and consequences
are clearly foretold. This “boast of reason” differs from other
natural sciences, in that its whole foundation is purely mathe-
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2 AN INTRODUCTORY SKETCH OF

matical, and demonstrative of the precise mechanism of inani-
mate and inert matter; and its high value consists in its being,
not the mere knowledge of a collection of isolated facts, but a per-
fect theory, by which those facts are compacted into one study.
It differs from many pursuits of human wisdom, inasmuch as
observation has given birth, tutelage, and perception to theory;
but those who cannot surmount the difficulties of the higher
analytics, must take much for granted, and rest satisfied with
the justness of the conclusions, however incomprehensible the
method which leads to them may appear. Based, as it were,
upon its own revenues, and increased by the contributions of
other sciences and arts, Astronomy has arrived at its present ex-
cellence. The very word is a most comprehensive term through
all its bearings, and the more this science is cultivated, the more
is the supremacy of man over the brute creation verified; for its
higher walks demand scrupulous observation, accurate reduction,
strong exercise of thought, deductive reasoning, and, indeed, a
more varied and assiduous application of the eye and brain than
any other pursuit, to say nothing of that important “organ of all
organs,” the hand.

The greatest men of all ages have pronounced this science,
to be the most sublime and surpassing of all that can be tested by
human genius, and to be worthy of a life of study: yet there are
still people, aye, and we fear some of them are in high places,
who ask,—*“ Of what use is astronomy?” ¢ Are there material
as well as intellectual results?” Now albeit such questions may
not be really worthy of a reply, it can be stated that this noble
pursuit regulates the times, seasons, and proportionate parts of
the year—that by its aid we find the form, mass, and magnitude
of the planetary bodies—the figure and geographical details of
our own globe, with a standard for its weights and measures—
and that navigation owns it as the great and only accurate guide
in conducting ships over the trackless ocean, and thereby esta-
blishing a correspondence between distant nations. This was
well expressed by La Caille, himself one of the most skilful
observers of the heavens, in these terms: * L’astronomie est
P'arbitre de la division civile du temps, 'ame de la chronologie
et de la géographie, et I'unique guide des navigateurs.” A know-
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ledge of astronomical principles has always been considered so
essential to seamen of skill, that it is hardly conceivable that
ignorance of them could be for a moment tolerated, much less
defended, in any of the nautical classes. Nevertheless, it is
certainly true, that in our enlightened age, and in this nursery
of sailors, some are to be found, who, without expressly denying
the use of scientific knowledge to practical men, do indirectly
discourage its cultivation.

Independently, however, of its mechanical uses, the depart-
ment of Urania is entitled to the strict regard of the educated
classes, as furnishing the most exquisite proof of what the
human intellect is capable. By it the mind is elevated to the
consideration of orbs and objects which are undeniably the most
conspicuous, the most beautiful, and the most important that
can engage its powers: and while improving the understanding,
it captivates the imagination. In a word, to astronomy are
unveiled spaces and magnitudes of infinite extent, motions and
forms of incomprehensible grandeur, and order and harmony of
unspeakable sublimity. The philosopher, baffled with speculation
on viewing the endless variety of divine effects, applies with awe
and wonder to the investigation of what is reducible to certainty,
in order the better to estimate the astonishing appropriateness of
each of the myriads of parts which constitute the stupendous
and inconceivable whole: and man is the more favoured by his
beneficent Maker, in being permitted to attain and enjoy this
gleam of heavenly glory.

Although the accumulated mists of ages obscure the rise of
this science, there can be little doubt of its having been nearly
coeval with the world, when the Worp said, *“ Let there be
lights in the firmament of the heavens, to divide the day from
the night; and let them be for signs, and for seasons, and for
days, and for years.,” Gassendus finely imputed the origin of
astronomy to admiration; and it is easy to conceive that the
contemplation of the celestial bodies must have been among the
first of man’s excitements to mental delight. But while its
antiquity is thus carried to the very creation, its exact history
is only to be traced by gleams through the darkness iu which
it is involved. The division of time seems to have been the
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4 AN INTRODUCTORY SKETCH OF

first effort of formal application, and the alternating of day and
night gave an obvious scale; the remarkable variations in the
form of the moon, in regular recurrence, would then become
indices for the division of time into periods exceeding those
marked out by the intervals between the sun’s rising and set-
ting; and this is still the principal almanac of some of the
nomade tribes of the East. The Chaldeans, a pastoral people,
are considered to have been the first who successfully cultivated
the science of astronomy; and the Babylonian observations, trans-
mitted to Aristotle by Callisthenes, are placed about B.C. 2250 *,
From thence it is held to have spread into Egypt, and the
Pheenicians were the first who applied it to navigation: other
writers, however, and ingenious ones too, claim these honours
for the Chinese, and the Hindts. The pretensions of the celes-
tial empire are sufficiently slight; for though the Chinese records
are said to go back to nearly 3000 B.C., Sir G. Staunton informs
me that the eclipses and comets mentioned in the works of Con-
fucius and elsewhere, are merely announced as facts; and that, as
far as he understands, their observations were confined to noting
merely the time when the more palpable phenomena occurred.
A conjunction of Mars, Jupiter, Saturn, and Mercury, in the
constellation Ské, was assumed as an epoch by the Emperor
Chwen-hio; and M. Bailly found that the conjunction must have
happened on February 28, B.C. 2449, between a Arietis and
the Pleiades. The principal mathematicians were held more re-
sponsible than in these degenerate days, since it is recorded, that
in the reign of the worthy Emperor Chou-kang, his two chief
astronomers, Ho and H¢, were condemned to death, on account
of their neglecting to announce the precise time of a solar eclipse,
which took place B.C. 2169. Laplace speaks confidently of

* The three well-known lunar eclipses observed at Babylon in the reign of
Mardocempadius, happened: I. 19th March, 720 B.C.; II. 8th March, 719
B.C.; IIL 4th September, 719 B.C. The longitudes of the stars Regulus
and Cor Hydrze are said, in the Jessod olam, to have been ascertained 1985
years before the time of Ptolemy; the story, however, is questionable. But
the longitude of Aldebaran soars still higher: Mr. E. Bernard, in the Philo-
sophical Transactions for 1684, gives it 25° 17’ 3, or above 3000 B.C., as settled
by the “thrice great” Thoth, Hermes, or Mercurius Trismegistus, of Egypt.
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Chinese observations B.C. 1100, when the length of the shadow
of a gnomon at Layang was found to be equal to one foot and
a half, the gnomon itself being eight feet in length. But it is
difficult to establish any of their scientific claims, till the astro-
nomer Kosheou-kieu made good observations, and introduced
spherical trigonometry A.D.1280. Yet it may be admitted that
the motions of the planets were known to them, and that they
had the Metonic and Calippic periods. But the precession of
the equinoxes only reached them about A.D. 400. The Hindu
claim to antiquity stands on higher ground, as a curious but in-
volved historical problem ; and without joining the partizanship
of either Bailly or Delambre, Playfair or Leslie, I cannot but be
somewhat influenced by the learning and sagacity of Sir William
Jones; the science and judgment of my friend Mr. T. C. Cole-
brooke, late president of the Astronomical Society; the persever-
ing spirit of inquiry of Mr. Davis; and the talents of Schlegel.
The epoch claimed for the conjunction of the planets, as the open-
ing of their tables of Trivalore, in the beginning of the Kali-yuga,
the present Iron or corrupt age, (17th February, B.C. 3102,) may
be fanciful enough; but the result of much research leads me to
respect the antiquity of the S#rkya Siddhanta, the Viga Ganita,
the Siddhanta Sphuta, and the Brakma Siddhanta, against
which Mr. Bentley has chosen so rabidly to run amuk. About
a couple of centuries ago, the literati of Europe were equally
amused and irritated at the monomaniac absurdities of Har-
douin, who, poor man, asserted that all the writings attributed
to the classical ancients, with some few exceptions, were sup-
posititious, and the fabrications of a monk in the thirteenth
century. So in our day, with an equally reckless intrepidity of
assertion, Mr. Bentley steps forth to shew that the Hindti works
are wholesale forgeries; and all who discredit his senseless
theory are calumniators, conspiring to overturn the Mosaic
account. But his own argument to prove that the Brahmanical
Tables must have been constructed at the time when they repre-
sented the state of the heavens, was well upset by Mr. Cole-
brooke, in showing from Bentley’s own instance of a certain set
of existing Tables, that they must have been written fourteen
hundred years hence! On the whole, we must allow that the
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early Hindds applied intensely to the pure sciences, since they
could compute the mean motions and true places of the planets,
and caleulate lunar and solar eclipses; they understood the
astronomical sphere and its circles, suspected a libration of the
equinoctial points, had a glimpse of geometry, were expert in
instrumental observations, and enriched science with those
powerful organs—arithmetic and algebra. Dropping Mr. Bent-
ley astern, it may be summed up, that the various discussions
have been ably argued, and some of the details are still far from
being definitively settled: although there is no question that
astronomy was in a very advanced state in the East, its exact
history must yet be commenced with that extraordinary people
the Greeks; who seem, unquestionably, to have received their
first instruction from the Egyptians.

Before, however, we quit the énferential field, a few words
may be added. Strong symptoms of doubt upon the exact mag-
nitude of our scientific debt to the Grecians, and the reason for
50 questioning it, may frequently appear in these pages. Pass-
ing, for the present, the 15,000 years of the Egyptian plani-
spheres, it seems obvious on consideration, that a much earlier
astronomy prevailed than even the Egyptian or Chaldaic, whence
so many assume their starting point; the unsual age given to the
celebrated Babylonian observations sent to Aristotle*, being
more than 4000 years. That the Jews had a knowledge of the
zodiac 5400 years ago, has had more than one strenuous assertor.
In the first chapter of Genesis, 14th verse, the uses of the hea-
venly bodies with regard to the earth, are considered to be set
forth: they were for signs of the progress of the seasons, by the
sun’s apparent path through the zodiac: they were for seasons
and years, by means of the earth’s annual revolution round the
sun: and they were also for days, by means of the diurnal
revolution of the earth round its own axis. In Joseph’s dream,
the sun, moon, and eleven asterisms bow down to him, the
twelfth; and the allegorical images of Jacob’s blessing have

2 f}allisthenes is thonght to have obtained his information from the College
of Priests attached to the temple of Belus. 'This is the man, for whose

diabolical treatment Alexander, great as he was, ought to have been scourged,
hung, drawn, and quartered.
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been identified by several writers with the signs of the Via solis,
whence God—as bow-man—becomes Sagittarius. Hebrew anti-
quaries have long recognised Enoch as the inventor of the Dode-
catemory divisions; and both Berosus and Josephus declare
that Abraham was famous for his celestial observations: but
the claims of Jewish philosophy aim still higher. From the
sublime description of the primaval cosmogony, contained in
the first chapter of Genesis, it is contended that light existed
before the creation of the sun*; and there are Hebrews who
are anxious to claim this miracle as the basis of the New-
tonian doctrines. According to their argument, the attentive
inquirer discovers the creation of primitive light pre-existent to
its present source of e¢manation, but not of existence—the sun;
into which, on the fourth day, this primitive light was col-
lected: “he finds,” say they, “the existence of day and night
previous to the creation of the sun as a luminary: and, in answer
to the inquiry of how this was effected, he discovers that it could
have been accomplished in no other way than by the revolu-
tion of the earth, caused by the first impulse of motion given
to it by the Divine Spirit: and he will thus discern that
the revolution of the earth, and not that of the sun, was con-
sidered by the ancient Jews, as by the Newtonian philosophers,
to be the cause of day and night. The fact that we have gained
from the previous examination is, that the earth revolved; but
if we proceed a little further, we shall perceive in what manner
this is performed. ¢And the evening and the morning was one
day;’ thereby informing us that the course of this revolution was
from evening, place of sun-setting, or west, to morning, place
of sunrise, or east; and thus clearly pointing out to us the revo-
lution of the terrene globe from west to east.” There is a nota-
ble difference between this extraordinary, though fanciful, claim

* It is worthy of note, that Halley is here a champion of the book of
Gencesis. In mentioning that nebulw, or lucid spots, shine by their own pro-
per lustre, he says: “This seems fully to reconcile that difficulty which some
have moved against the description Moses gives of the creation, alleging that
light could not be created without the sun. But in the instances of nebulse
the contrary is manifested; for some of these bright spots discover no sign of
a star in the middle of them ; and the irregular form of those that have, shews
them not to proceed from the illumination of a central body.”
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upon Newton, and the ravings of the lately redoubtable Richard
Brothers, against all who doubt the immobility of the earth.
This “ divine theorist,” as his school calls him, asserts that there
is no earth but this we live on, no sun but the one we see plainly,
and no people but ourselves; the earth is at rest, but the sun is
in motion; the earth is larger than the sun, and the sun larger
than the moon. He also declares, that if the Copernican system
be true, * Gop would appear a designing liar, the first chapter of
Genesis false, and the whole Scripture a contemptible imposi-
tion.” Yet has this gross blockhead even now a tail of admirers
and followers !

Thales of Miletus, who founded the Ionian school about
B.C. 600, is considered as the first person who propagated any
truly scientific knowledge of astronomy; and from the un-
doubted fact, that the elements of the solar and lunar motions
had been ascertained with precision long before any observations
are known to have been made by the Greeks, it is inferred that
he acquired his knowledge in Pheenicia or Egypt. He taught
his countrymen the movements of the sun and moon, whence he
explained the inequality of the days and nights, and the deter-
mination of the solar year; and he showed to the Greek sailors,
who only knew how to observe the Great Bear, how much more
sure a guide the Polar-star is to the mariner*. He divided
the heavens into five zones, and was acquainted with the true
cause of eclipses; even predicting one that occurred during a
battle between the Medes and Lydians. This interesting pheno-
menon has been ably and elegantly discussed by my friend,
Mr. Franecis Baily+, who took the pains to calculate all the solar
eclipses that were likely to have been visible in Asia Minor, from
the year 650 to 580 B.C., and ultimately decided upon that
which happened on the morning of the 30th September, 610, as
the one mentioned by Herodotus.

Anaximander was a disciple of Thales, and succeeded him

* As obviousness to the sight is a condition requisite in a nautical lode-star,
we cannot look to that which was then nearest the Pole as the one used by the
Pheenician mariners; but a Ursz Minoris must have been a prominent object,
therefore it may have been assumed as the polar guide.

} Philosophical Transactions, 1811,
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as head of the school of Miletus, about B.C. 548. He is said to
have had some idea of the earth’s axial movement, and he
distinctly asserted its sphericity; whence he invented globes,
and is considered to be the first who constructed maps and
charts. He taught that the moon shines by a light reflected
from the sun; and he erected a gnomon at Sparta, that enabled
him to observe the times of the solstices and the equinoxes with
tolerable precision. Aristagoras, prince of Miletus, must have
profited by Anaximander’s progress in geography; for, in his
noted attempt to bribe Cleomenes, Herodotus says that he
appeared before the king of Sparta with a tablet of brass in his
hand, upon which was inscribed “every part of the habitable
world, the seas, and the rivers.”

Pythagoras, who founded the school of Croton some time
about B.C. 500, greatly enlarged the science, and sketched all
the grand views on which it at present reposes, by sagacious
conjectures based upon geometrical deductions; but it is unfor-
tunate for an accurate knowledge of what he did, that his works
are lost. Seconded by his earliest scholars, he clearly demon-
strated, from the varying altitudes of the stars by change of place,
the spherical shape of the earth, at which Anaximander had only
guessed: and there are various evidences to show that, about
this time, the notion of the earth’s being suspended in equilibrio,
and supported by the air, was widely prevalent; or, as Socrates
says in Plato’s Pkawdo, that it is wrapped about and pressed
equally in every direction by the universe. It was Pythagoras
who first gave substance to the floating idea of Apollonius Per-
gzus, that the sun was fixed in the centre of the planetary orbits,
and that the earth moved round it with the other planets; who
taught, in fact, the system which now immortalizes the name of
Copernicus. But these were the conjectures of a sagacious mind,
not possessed of the evidence requisite to give stability to its
opinions. It was fortunate that Pythagoras escaped the per-
secution of ignorance and fanaticism which attended genius
even in free and enlightened Greece; for he was not only guilty
of those heterodox notions, but also broached the doctrine of
a plurality of worlds, and the music of the spheres. It was
he who first conceived the bold idea that the planets are
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inhabited, and that the myriads of stars which stud the im-
mensity of space, are so many suns destined to afford light and
heat around them. His sagacity detected that Venus was the
morning and evening star: and he divided the universe into
twelve spheres. It is moreover asserted, that he saw in comets,
which all the world then held to be mere atmospheric meteors,
permanent stars revolving round the sun under peculiar laws.
All this points him out as an extraordinary philosopher for his
era; and,—together with his great geometrical discovery, that
the square of the- side which subtends the right angle of a tri-
angle is equal to the sum of the two squares of its remain-
ing sides,—amply relieves his reputation from the tinge of
charlatanerie which his dreams about musie, his monads, his
beans, his pretended recollections of his own transmigrations,
and even portions of his teetotalism, gave rise to. Such a man
ought not to have perished from hunger in his old age.

Anaxagoras shortly afterwards was banished for impiety in
robbing the sun of its divinity, by pronouncing it to be a mass
of fiery matter, and teaching that the moon under eclipse, was
capable of being affected by the earth’s shadow, a portion of the
universe so much less noble: indeed, it was only the interposition
of Pericles that saved his life. He was the first who wrote on
the phases of the moon, and her rotatory motion about the earth;
and he made sound conjectures with regard to the Via Lactea.
Democritus maintained, so far back as B.C. 450, that more
planets would be discovered.

Practical astronomy appears to have been but little indebted
to either the Ionian or Crotoniate schools, though brilliant con-
ceptions and gleams of light were elicited. The measuring of
tie being a principal object even in their primitive method of
observing, many efforts were made by the ancients to determine
accurately, and to compare and reconcile with each other, the
motions of the sun and moon, on which this measure universally
depends. They accordingly applied themselves to the study of
this subject with great industry; and by combining all the
observations then known, formed a luni-solar period, or cycle of
nineteen years, or rather, 6940 days. The honour of this period
has been claimed for Euctemon, Philippus, and Numa Pom-

b=



THE PROGRESS OF ASTRONOMY. 11

pilius; but the best authorities ascribe the invention to Meton
the Athenian, whose name it bears. The Metonio cycle was
published at the general meeting of the Greeks, assembled for
the celebration of the Olympic games; and it was received with
so much applause, that a statue was decreed to the inventor, and
he was declared victor in the first order. The scheme of the
festivals, arranged according to the new cycle, was publicly
proposed, inscribed on a marble pillar in letters of gold; and
hence the number which expresses the order of the current
year in that cycle, is still called the Golden Number. The
Greeks denominated it ‘EvveaxaiSexaernpis, Ennedcaidecactéris,
from considering that, at the end of each cycle, the same luna-
tions would not only return on the same days, but precisely
at the same hour and minute of the day; this, however, is not
absolutely the case, for the lunation falls only within an hour
and a half of the same time. An interval, therefore, of 6940
days is neither exactly equal to 19 tropical years, nor to 235
lunations; it exceeds the former by about 93 hours, and the
latter by 71 hours. In about four cycles these errors would
accumulate to more than a day; consequently, the several
phases of the moon, which are very remarkable appearances,
would be really observed to happen a day sooner than the time
computed by the calendar. To remedy this defect, Calippus,
who lived about a century after Meton, introduced the im-
provement known by his name; and which, by a proemptosis,
or leap, of a day in four periods, anticipates the full moons by
only 5" 53m in seventy-six years.

As this was a principal feature in the improvement of astro-
nomy, and the first acquisition of a tolerably accurate knowledge
of the mean motions of the sun and moon, it should be added,
that the Metonic cycle was adopted on the 16th of July, in
the year B.C. 433; and the new moon which happened at
7" 43m p.m. was the precise era of its commencement. The
first day was reckoned from sunset.

The motions of the heavenly bodies were more obvious to
the senses than their magnitudes, so that the ancient approxi-
mations were of the rudest stamp. The Egyptians are said to
have considered the diameter of Saturn as being double that of
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the moon, and the diameter of the sun as half the sum of the
other two diameters. Plato, in the Epinomis, evidently con-
siders that the planets had been demonstrated to be of a vast
size; from which, and from their periods of revolution, he infers
that the deity is the cause of their motions.

Eudoxus of Cnidus, who died about B.C. 368, was particularly
distinguished for his knowledge of the astronomy of the time,
and is said to have established an observatory. He estimated the
lunar month at 299 12h 43m 38s, introduced the year of 3651
days, invented a complicated set of concentric spheres to show
the rising and setting of the heavenly bodies for the climate or
region of Greece, and wrote some scientific works. Of the latter,
the Pawoueva, Phenomena, still exists in the poetical version
of Aratus, who published it nearly a century after the death of
Eudoxus, by order of Antiochus, king of Macedon. This is a
truly valuable relic, especially as the works of Archytas, Aris-
totle, and Eudemus, on astronomy, are lost; and strong doubt is
abroad as to the Golden Verses on the sphere, attributed to
Empedocles, B.C. 450. The versatile genius of Aristotle was
directed as well to the practical as to the theoretical branches of
the science, and an occultation of Mars by the moon, and one of
a star by Jupiter, were observed by him about 357 B.C.* This
great and extraordinary philosopher attempted to approximate
to the figure and size of the earth by astronomical observations;
deriving proofs of its sphericity from the appearance of the
circular shadow which it projects on the disc of the moon in
eclipses, as well as from the unequal elevation of the solar
meridian in different latitudes; and inferring from the same con-
ditions, that the globe is not a very large one. He introduced
the celebrated principle of nature’s abhorrence of a vacuum.

The first who taught the classification of climates according to
the length of days and nights, was Pytheas; who measured the
latitude of Marseilles so far back as B.C. 830, by observing the
length of the meridian shadow of the sun, at the time of the
sammer solstice, by a gnomon: this he considered as equal both

* An occnltation of Saturn is recorded by Ptolemy—Almagest, 1. xi.—as
having been obs.™ved in the year 228 B.C.
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at Marseilles and Byzantium, but the difference in their latitudes
is 2°1. This philosopher travelled to various parts of the globe,
for the purpose of observing the phenomena of nature; and his
Ultima Thule, where he saw the sun touch the northern side of
the horizon on the day of the summer solstice, is conjectured to be
Iceland. It was he who discovered that the Polar-star was not
precisely at the pole itself; and he pointed out the coincidence
of the tides with the motion of the moon. Practice was now ad-
vancing. Timocharis and Aristyllus, about 300 B.C., made those
important observations of the positions of the stars with regard
to the equator, and the equinoxes, which afterwards enabled
Hipparchus to discover the slow and almost insensible motion
of the latter ¢n antecedentia, now called the precession. The
celebrated Euclid, whose geometrical Elements have been so uni-
versally employed in all sound instruction, produced an astro-
nomical work entitled Pkanomena, treating of the visible move-
ments of the heavenly bodies. About the same time, Autolycus
published another elementary book on the science. Aristarchus
of Samos, (B.C. 280,) notwithstanding Delambre’s severity in
thinking it unfortunate for the Samian’s fame that his works
have descended to us entire, was a very sagacious astronomer.
He made the first attempt to measure the relative distances of
the sun and moon, by observing their angular distance at the
time of half-moon; and his method of determining the ratio,
though not very accurate, is yet ingenious. He also was one of
those who maintained the stability of the sun; a doctrine which
nearly proved fatal to him, as he was publicly accused of im-
piety to the gods, and disturbing their peace.

The school of Alexandria, deservedly conspicuous in pursuit
of the sciences, had made so close an alliance between astronomy
and geography, that the latter became a real science. Thus,
while they made observations with trigonometrical instruments,
for determining the positions of the stars and the course of the
planets, the measure of the earth upon geometrical principles
was not neglected. Apollonius of Perga abandoned the homo-
centric system of planetary motions, and introduced the epicycles
and their deferents, which implies a knowledge of the apsides,
stationary points, and the extents of the arc-movements. Era-
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tosthenes, of Cyrene, librarian of the Alexandrian Museum,
about 240 B.C., was so pre-eminent in science, that he was
styled the Father of Chronology, the Cosmographer, and the
Measurer of the Universe. He made use of the celebrated
armillary spheres, which he erected in the portico at Alexandria,
and which remained standing till the time of Ptolemy. Assum-
ing the latitude* as equal to 30° 58, he observed the obliquity
of the ecliptic, making it 23° 51’ 507, which, all things con-
sidered, is a very surprising result. He compiled and published
the Catasterisms, an enumeration of 475 of the principal stars,
according to the constellations to which they belong. He also
attempted the arduous task, of determining the circumference of
the globe by an actual measurement of one of its great circles,
making his computation upon the whole by uniting certain
accurate observations made in the heavens, with a corresponding
distance carefully surveyed in a north and south direction on the
earth. The segment of the meridian which he fixed upon for
this purpose was that between Alexandria and Syene. He had
been informed, that, on the day of the summer solstice, the sun
was vertical at noon in the city of Syene, on the borders of
Ethiopia, under the tropic of Cancer. A well is particularly
mentioned as having been illuminated to the bottom by the sun
at noon on the solstitial day. He assumed that Alexandria and
Syene were both under the same meridian; and from these data,
by means of a concave hemisphere, with a stile fixed in its
centre, he found that the shadow of the meridian sun caused
by the stile at Alexandria, was one-fiftieth of the whole circum-
ference. Hence he inferred, that the arc of the heavens com-
prised between Alexandria and Syene must be the same; and
that the distance between the two cities must likewise be a
similar arc, or one-fiftieth part of the circumference of the earth.

* My own observations, made on Point Eunostos, in 1822, gave the latitude
31° 11’ 31” north ; the longitude 29° 51’ 58’ east of Greenwich; the magnetic
variation 11° westerly, and the dip of the needle 59° 45’. I also ascended the
column called Pompey’s Pillar, to take a round of theodolite angles; on this
occasion I observed the sun’s meridian altitude with an artificial horizon, from
the summit, as being probably close to the very spot where Eratosthenes made
his observations. The result obtained for the latitude was 31° 09’ 49”/; but
the mercury was much agitated.
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On measuring this distance, by observing the difference of lati-
tude between the two places, he found it to be 5000 stadia,
which gave 250,000 stadia for the circumference of the earth.
As there were different stadia then in use, it is not well ascer-
tained how many feet his stadium contained. If it was the
Egyptian stadium, this measurement exceeds the modern mea-
sures by a sixth part: as the principle of the method employed is
the same in both, the greater accuracy of our results is chiefly
due to the improved construction of the necessary instruments*.
About the same time, Archimedes of Syracuse observed the
solstices, constructed an ingenious planetarium, and atternpted
to measure the sun’s diameter: his forte, however, lay in the
mathematical investigations of mechanical dynamies.

At length, about'a century and a half before the Christian
era, Hipparchus appeared; and of all the ancient astronomers,
no one so largely enriched the science, or acquired so great a
name as he. This *truth-loving™ astronomer commenced his
Uranian services by writing a commentary on Aratus, when a
youth; and one of his first cares was to rectify the year, which
before his time was made to consist of 365 days 6 hours; and
this he found to be a little too much: he determined the length
of the tropical year with a precision not previously attained, and
came within four minutes and a half of the real time. He
determined the mean motion of the sun and its apogee, and
found that the sun was longer in traversing the six northern
signs of the ecliptic than the other half of it; and deduced from
this the ex-centricity of the solar orbit. He also made a similar

* Nouet, astronomer to the French expedition under Bonaparte, measured
the arc between Alexandria and Syene, making it =7° 24/, and obtaining
56,880 toises to the degree. He also considered the Egyptian stade as equal
to 711 French feet, and the Greek stade as being 487 4% feet; but, says
Delambre, “malheureusement ses conclusions étaient un peu hypothétiques.”
The well at Syene is a kmotty puzzle; the mention of it in history is too
respectable to admit of disbelief,—but whether it were within or without the
tropic is a paradox. Strabo believed it to be within, but Mr. W.R. Hamilton
searched for it in vain, Bruce gave 23°28’ as the latitude of Es-souan (Syene),
while Nouet placed it in 24° 8’ 6”, and M. Coulier registers it 24° 5’ 23”, Such
discrepancies among the talented moderus, would perhaps have made even the
ancients smile.
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scrutiny into the motions of the moon, her nodes, and her
apogee; her parallax, ex-centricity, the equation of her centre,
and the inclination of her orbit; and his inquiries led him to
suspect another inequality in the moon’s motion, the evection.
He was the first who constructed regular tables; who employed
processes analogous to those of plane and spherical trigonometry;
and who suggested the application of this science to familiar pur-
poses of every-day use in geography, by determining the situation
of places by their latitudes and longitudes, from a first meridian
referred to the Fortunate or Canary Isles. He caleulated eclipses,
and used the results in improving the elements; and he sub-
stituted a more complete mode of measuring the ratio of the
distance of the sun and moon from the earth, than the one
given by Aristarchus: he made use chiefly of parallaxes, which
is the method now in use. On the disappearance of a large star
from the heavens, or, as others have it, having observed a new
one, he began to question whether there might not be changes
occasionally taking place among these luminaries, and therefore
commenced making a Catalogue of them, noting down the posi-
tion and magnitude of each star, together with its alineation, with
a view to any variations which might be observed in future ages:
and this Catalogue of 1081 stars, preserved to us by Ptolemy, is one
of the most valuable bequests of antiquity. Ptolemy tells us, that
after this Catalogue was completed, that great astronomer made a
representation of the heavens on the surface of an artificial globe,
which was afterwards deposited in the Library at Alexandria.
Hipparchus also made one of the most important discoveries in
astronomy, the precession of the equinoxes: by comparing his
own observations with those of Timocharis and Aristyllus, up-
wards of a century and a half before, he found that the stars
always preserved the same relative positions with respect to each
other; but that they had all a sensible motion in the order of the
signs of the zodiac, which may have been about 48” in a year.
Thus was the ¢ffect detected; but it was left for the sagacity of
Newton to discover the cause.

Such was Hipparchus! Considering his era and means, his
services to practical astronomy are unequalled ; and his immense
labours laid the foundation on which the whole superstructure of
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the science was to be raised. Well therefore has Professor De
Morgan said: ¢ If Hipparchus had possessed the pendulum and
telescope, fifty years might have enabled his succcssors to place
astronomy in the state in which it stood at the birth of Newton.”
And the discerning Delambre placed him at the very head of
those ancient philosophers, whose inquiries demand observation
and geometry: “On trouve dans Hipparque un des hommes les
plus étonnans de Iantiquité, et le plus grand de tous dans les
seiences qui ne sont pas purement spéculatives, et qui demandent
quaux connaissances géométriques on réunisse des connaissances
de faits particuliers et de phénomeénes dont l'observation exige
beaucoup d’assiduité et des instrumens perfectionnés.” With a
very exalted regard, therefore, for the memory of this Reviser
of the Science, I was greatly gratified with a gem bearing his
likeness, in the possession of my worthy friend, the Rev. Charles
Turnor, who kindly presented me the copy of it which deco-
rates the title-page of this work. It is from the late Prince
Poniatowski’s collection, and is a very fine head; though I fear for
its authenticity as the work of a cotemporary artist. Possibly it
may have been copied from some original bust; but the existence
of any ancient portrait in sculpture prior to Alexander, except,
perhaps, those of the conquerors at the games, may be doubted *.

Between the days of Hipparchus and Ptolemy, astronomy
languished in the ‘ divine™ school of Alexandria. But though
there was no observer of eminence in that interval, there were
various writers, whose works are valuable, as links in the chro-
nological chain: for it must not be concluded that every opinion
aseribed to any particular Greek astronomer, was actually main-
tained by him exclusively. Such were Hypsicles, Posidonius,
Hyginus, Manilius, Seneca, Theon I., and Menelaus. About
70 B.C., Geminus, the Rhodian, published a systematic treatise

* Mr. Turnor’s family now possess the estate at Woolsthorpe, the birth-
place of NEwToN, and never could property so distinguished, have fallen into
hands wherein it would be more duly appreciated. Mr. Turnor has spared
neither time nor expense in collecting matters of interest relative to Newton
and his scientific cotemporaries; and a rich harvest attests both his taste and
his judgment. For a mention of Mr. Turnor's valuable MS. Almanac of
A.D. 1340, see Vol. II. p. 525.

VOL. I. C
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on astronomy, entitled Uranologion, which treated of the various
cycles, and expounded the Hipparchian theories and their conse-
quences: and Theodosius, of Bithynia, wrote an important work
on Spherics. Julius Ceesar also rendered very great service to the
science, by new modelling the Roman calendar, B.C. 46. It is
true he invited Sosigenes, the Peripatetic, from Athens to Rome
to assist him, but Czsar himself appears to have been well versed
in astronomy. He discovered that autumn occupied the proper
place of the winter months in the calendar, and that winter en-
croached on the spring months; he therefore called upon Sosigenes
to assist in correcting this disorder. They began by giving four-
teen months to the current year, to re-establish the order of the
seasons. They likewise determined that the year should con-
sist of 365 days, 6 hours, in future; and this, though too long
by 11m 11s, was coming very near the real length of the tropical
year. This is still called the Julian year. Posidonius made a
sagacious determination, which, like all those ancient notions.
required demonstration; he found that the distances of the
moon and sun from the earth were, respectively, two million
stadia, and five hundred million stadia; and he moreover calcu-
lated the height of the atmosphere to be four hundred stadia—
results which do not violently differ from those of the moderns.
But one of the most remarkable opinions of those times, is the
conjecture of Plutarch, (De Facie in Orbe Lune,) that the velo-
city of the moon’s motion is the cause which prevents that body
from falling to the earth, just as the motion of a stone or other
weight in a sling, prevents it from falling to the ground.

There is a very unfounded opinion, that the paganism and
ignorance of those ages were fostered by astronomy; but that noble
science was ever pursued by the best men, and the contemplation
of the skies was held in high estimation. The Royal Psalmist,
considering the wonders of the heavens, and the Creator’s glory
as magnified by His works, thinks that man must be little lower
than an angel; and Josephus calls astronomers the sons of God.
Virgil entreats the muse to teach him the laws of the sun, moon,
stars, and tides; and Ovid, Lucan, and even Lucretius, ma-
terialist as he was, are eloquent on the same theme. Seneca
boldly predicted that posterity would despise the ignorance of his
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age as to comets, which he pronounced to be wandering planets.
and Pliny considered the formation of a sidereal catalogue, to be
rather a work pertaining to the Deity than to man. The taste,
the skill, the perseverance, and the genius of ancient astrono-
mers, deserve the fullest acknowledgment, though the disco-
veries actually made by them were but imperfect aids to physies,
and their methods of philosophizing were necessarily defective,
Serious reflections on that comparative little which they had
discovered, ignorant as they were of the substantial harmony of
the system, led them to the acknowledgment of a supreme Being:
“When you behold,” says Cicero, ‘““a large and beautiful house,
surely you would not believe it was built by mice and weasels;”
and, in showing the impossibility of the creation’s having resulted
from a fortuitous concourse of atoms, he asks whether the beau-
tiful world, its summer flowers and winter snows, or the lunar
influence on the tides, could possibly subsist in such harmony
without the continued aid of a Divine spirit. It is true that
reason requires no proofs where everything displays the existence
of an Almighty Creator; but, to use the words of the illustrious
Laplace, “the progress of astronomy has been the constant
triumph of philosophy over the illusions of the senses;” and
there are such exhibitions of immensity of power and design
in the starry heavens, that the mind is staggered, and feels
its impotency in scanning the mysterious and awful infinity.
Yet the modern astronomer, well aware of the existing concord
of the spheres in balanced power, perfect adjustment, controlled
motion, and undisturbed force, can only perorate with the acute
Pagan: “In the heavens there is nothing fortuitous, unadvised,
inconstant, or variable; all there is order, truth, reason, and
constancy;” and he asserts, (D¢ Nat. Deorum,) that ¢ the creation
is as plain a signal of the being of a God, as a globe, a clock,
or other artificial machine, is of a man*.” Plutarch also, (De

* The luminous polytheist, Hume, argues thus: “ A great number of men
join in building a house, or a ship; why may not several Deities combine in
contriving and framing a world ?” To this the uniformity observable in the
vast operations, and the consummate wisdom of adjustments of the forces,
is a conclusive reply. But he is severe upon Cicero’s house simile, saying,
% But surely you will not affirm that the universe bears such a resemblance to

Cc2
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Placit. Philos.,) observes, ‘“that when men saw the harmony
of the heavenly bodies, and the pulchritude around them, they
acknowledged a God;” and this effect of studying the order of
the heavenly spheres, is acknowledged even by the atomic Lucre-
tius: they saw, he tells us, the constant and circling order of
the heavenly bodies, and the relations of the heavens with the
varied seasons; and ignorant of other cause, they cunningly
aseribed all to the gods:

Praxterea, cooli rationes ordine certo

Et varia annorum cernebant tempora vorti;
Nec poterant quibus id fieret cognoscere caussis.
Ergo perfugium sibi habebant omnia Divis
Tradere, et illorum nutu facere omnia flecti.

To return. Ptolemy is entitled to great regard from astro-
nomers, both as an observer, a discoverer, and a judicious com-
piler. In undertaking the delicate measurement of the zenith
distance of the sun and the obliquity of the ecliptic, he used
an instrument on the plan of the meridional armillze of Eratos-
thenes; it consisted of two rings, one moveable upon the interior
circumference of the other, in the same plane, the exterior circle
being graduated, and the interior one bearing two small gnomons
to form the line of sight. He also used a quadrant with a move-
able alidad carrying sights; but distrusting the results of both
these instruments, he invented another, which Theon II. desig-
nated the parallactic rods. With these, and other instruments,
Ptolemy made some observations on objects previously examined
by Hipparchus, and his comparisons led him to still further exer-
tions. He has handed down to us in the Megale Syntaxis, or
as it was subsequently called, the Almagest, the principal obser-
vations and theories of the ancients, together with his own
researches, and the Catalogue of Hipparchus reduced to his own
time, either by an assumed value for the precession, or corrected
by new observations. He adopted the theory that supposes the
earth placed in the centre of the universe, which has received

a house, that we can with the same certainty infer a similar cause, or that the
analogy is here entire and perfect.” David, however, instead of deducing

conclusions from principles, is very much in the habit of placing the cart
before the horse.
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his name; and which, most un-dynamically, assumes the planets
to move uniformly in circles, the centres of which move also
in regular circles round the earth. But as this system was
somewhat countenanced by the angular motions of the planets,
despite of the oscillations and librations which embarrassed the
imaginary equant, it was universally adopted, and retained till
the days of Copernicus, with all its imperfection and complexity.
The alterations in the apparent planetary diameters, if at all
observed, were not attributed to a change in their distances from
the earth; and, notwithstanding the inaccuracies of the system,
with its excentricity of the equant, semi-diameters of the epi-
cycle, and other barbarisms, Ptolemy computed the eclipses
which should occur in the six ensuing centuries; but what is
remarkable, he makes no mention of comets. He discovered
refraction, and made some tolerably correct experiments to
determine its law; and he explained the apparent enlargement
of the discs of the sun and moon when near the horizon. He
extended the sphere of Hipparchus, and entered into the inves-
tigation of every point upon which that great man had touched.
But Ptolemy’s principal discovery is, that of the moon’s second
inequality, or evection, a change such as would be caused by an
alternate increase and diminution of the excentricity of the
moon’s orbit.

Ptolemy studied several different sciences with a surprising
versatility of talent, and besides his Uranian pursuits wrote also
works on geography, mechanics, musie, chronology, and, despite of
kindly doubts, on judicial astrology as well. Now this visionary
and pernicious art was so long in close relationship with astro-
nomy, to the study of which it was a powerful incentive, that a
word upon it must be dropped in passing, especially since such
men as Aristotle, Manetho, Manilius, Censorinus, Julius Firmi-
cus, Albumazar, and Tycho Brahé were its dupes. This science
is of the highest antiquity in the KEast, and still flourishes
wherever science is compelled to stoop before ignorance; but
in those regions it certainly led to habits and means of watching
celestial phenomena, and to the shadows of fancy, fear, hope, and
destiny, added a considerable share of rational ideas of space,
time, and numbers. The ancients were strangely infatuated
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with it as an art, which, together with magie, gave the artful
such an irresistible sway over the ignorant and superstitious.
Horace, though in a hot-bed of astrologers, wisely advises Leu-
conoé not to seek what term of life the gods had granted her, but
patiently bear whatever shall happen:

Tu ne quasieris, scire nefas, quem mihi, quem tibi

Finem Di dederint, Leuconoé; nec Babylonios

Tentaris numeros. Ut melius, quicquid erit, pati!
Kepler, who himself had a slight touch that way, and was
driven by necessity to affect more, observes: ‘Astrology is the
foolish daughter of a wise mother, and, for one hundred years
past, this wise mother could not have lived without the help of
her foolish daughter;” and he thought that the study of astro-
nomy had been greatly neglected, ever since men ceased to apply
themselves to astrology. Indeed, it was once a science so fully
established in the judgment both of the learned and unlearned,
that to disbelieve a connection of human dispositions with
heavenly influences, would have been regarded as symptomatic
of sheer blockishness. But though Kepler’s remark would
imply that the occupation was then gone, the names of Morin,
Ashmole, Lilly, Heydon, Nostradamus, Gadbury, Goad, and
others, prove that it still held way: and the story of Dryden’s
foretelling the drowning of his son is so notorious, that, as the
man in the play says, it must be true. Even Bayer, the useful
Greek letterist, might be added to the list, for in his first edition
of the Uranometria, he has marked the various names of the con-
stellations and single stars, together with the planets with which
they were supposed to have astrological affinities.  * Melan-
choly” Burton was a mathematician, an astronomer who gazed
at Jupiter’s satellites with his own 8-foot telescope, and so
inveterate an astrologer, that having calculated his own nativity
and predicted that he was to die in January, 1639, there was a
whisper, according to Wood, *that rather than there should be
a mistake in the calculation, he sent up his soul to heaven
through a slip about his neck.” The scheme or horoscope
decorates his monument in the Cathedral of Christ Church, at
Oxford; and in his 4natomie we gather that astrologers of note
were well remunerated. In planning his Utopia, he says,  But
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I will choose a site, whose latitude shall be forty-five degrees,
(I respect not minutes,) in the midst of the temperate zone, or
perhaps under the @quator, that paradise of the world, ubs
semper wvirens laurus, &c., where there is a perpetual spring.
The longitude, for some reasons, I will conceal. Yet it be
known to all men by these presents, that if any honest gentleman
will send so much money, as Cardan allows an astrologer for
casting a nativity, he shall be a sharer.” Simpson, the eminent
mathematician, was obliged to quit Nuneaton, for frightening a
young woman into violent fits, which threatened to terminate
either in death or insanity, while endeavouring to raise the
devil, in a barn; but s was loth to abandon astrology and its
easily-earned emoluments.

Laplace shows how this moral solecism may have taken
rise: “ Equally deceived by the imperfections of his senses and
the illusions of self-love, man long considered himself to be the
centre of the movements of the stars. And his vanity has been
punished by the terrors to which they have given rise. At
length, ages of labour have removed the veil which concealed
the system of the world from him. He then found himself
placed on the surface of a planet, so small as to be scarcely
perceptible in that solar system, which itself is but a point in
the infinity of space.” But in removing the veil a few shreds
were left, which have obscured many an understanding of the
eighteenth and even the nineteenth century. Germany, France,
and Italy, have still writers of the black art; and even the great
Napoleon himself confided in his lucky star, a bearing which pro-
bably induced Messier to publish, in 1808, the Grande Cométe qui
a paru a la naissance de Napoléon le Grand. England has pro-
duced a volume or two, very lately, on ¢ aspectal prognostication;”
and the present year shows Zadkiels, Raphaels, Weather Guides,
and other trash, in such numbers, as to testify that the demand
is still sufficiently large to remunerate the publishers. One
of these works is entitled, Pkrenology and Astrology harmonized,
showing that the compartments of the head, as divided for phreno-
logical study, exactly agree with the astrological houses of Heaven,
&c. &c. Some of these boldly predict the fate of ministers, and
meaner men; while others merely circulate exploded doctrines
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about the planetary influences on our atmosphere, and give sage
directions when a gentleman is to carry his umbrella out, or
when a lady may safely cut her corns. Now and then some-
thing most conclusive in the way of coincidence is thrown out,
and the purchasers are aghast at the mysterious connection
before them. Thus, a settler on the Malabar coast in latitude
18° 20’ north, just to the southward of Bombay, hears of the
death of George II1. This, of course, would be known to him
from heavenly aspects. He would find that @ Lyra rose to him
achronically on the 4th of June, his late Majesty’s birthday, and
that it set achronically on the 18th of January, the day appointed
for celebrating the same birthday: it would then follow, that the
figures which indicate the degree of latitude, mark also the year
of the sovereign’s death. Q.E.D. It is but a few years ago
that the editors of the well-known Moore’s Almanac, attempted
to discard the monthly column containing the moon’s supposed
influence on the several members of the human body, as legs,
arms, eyes, nose, &c.; and as an experiment, to ascertain the
feeling of the public on the occasion, printed at first only one
hundred thousand copies. But the omission was speedily
detected, and nearly the whole edition was returned on their
hands, whence they were obliged to reprint the favourite column.
And yet we boast of the march of intellect!

From the death of Ptolemy to the time of the Arabians, no
astronomer of the first order is to be found among the Greeks,
the spirit of whose school had then evaporated. In this interval,
however, there were useful compilations published, containing
historical information with regard to the otherwise neglected
science. Among these is the learned commentary on the Syn-
taxis, by Theon II. of Alexandria, (A.D. 885,) one book of
which was written by his daughter Hypatia, the first female
recorded for her attainments in science. This lady constructed
some mathematical tables; but her extensive learning, ready
elocution, graceful address, and elegant manners, could not
suffice to save her from a tragical end, for she was brutally
murdered in the streets of Alexandria, by the infamous partizans
of Bishop Cyril (A.D. 415).

Shortly afterwards, Proclus attempted to establish the true
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figure of the universe as globular, from the circular movement
of the sun as shown by his invariable apparent magnitude, and
the complete circles daily formed by some of the stars about one
fixed point. This was certainly a more obvious approximation
than that of Cleomedes, who, about this time, proposed to
ascertain the diameter of the sun, by making a horse run on a
level plain from the moment the upper limb of the sun appears
in the horizon till the whole disc is above it, and noticing the
time and distance: Cleomedes, however, had some good notions
of planetary movements, and the moon’s borrowed light, although
he insisted on the circular theory of the celestial bodies. Pappus
and Simplicius were able commentators on the text books; and
Martianus Capella, (A.D. 470,) left some astronomical views of
planetary motions, which are reported to have been of great use
to Copernicus. Several other works of much interest appeared;
but the only observations recorded, in the above-mentioned
interval, are six registers of lunar occultations and solstices by
Thius of Athens (A.D. 500).

Such is ancient astronomy, with respect to which it is
remarkable how much was achieved, how much remained un-
accomplished, and how many true principles of science died,
as it were, at their birth. Something like a correct idea of the
solar system had been taught; and there were sagacious con-
siderations respecting the stellar regions, which almost appeared
to be anticipations of the revealments by the telescope. But the
physical researches of the ancients are so intermixed with sound
and chimerical opinions, and display such extravagance and gra-
tuitous theorizing, that in their illogical deductions they only
“guessed at truth,” All that is truly precise and permanent in
natural philosophy belongs to modern times. Still we must pay
a tribute of admiration to the investigating spirit which, with
observations and calculus so inferior to those now possessed,
enabled them to account for so many of the phenomena of the
heavens, and to offer such reasonable modes of accounting for
the celestial movements.

Literary scandal delights in ascribing the fall of the Alexan-
drian school, (A.D. 642,) to Omar, the second Khaliph of the
Saracens, and the first Emir al mumenin, or Commander of the
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Faithful; but the evidence on which the charge is supported,
can hardly be received. Be this, however, as it may, the world
is greatly indebted to the Saracens for the attention which they
devoted to astronomy, and the discoveries they made therein;
and, but for them, that invaluable legacy of the ancients, the
Megale Syntaxis, had been lost. War and fanatical factions
interrupted the progress of science, until the family of the
Abbassides, or Hashemites, obtained quiet possession of the kha-
liphate, about A.D. 750, when the torch of science blazed with
extraordinary splendour. The Arabian school received a local
habitation, a name, and a date for seniority, in the founding of
Baghdad by the Khaliph Abu-Ja’far Al Mansur, the victorious,
in the year 762. Under him translations of Aristotle, Hippo-
crates, Timocharis and Aristyllus, Euclid, Ptolemy, Menelaus,
and other Greek writers, were begun; showing that speculative
philosophy, medicine, mathematics, and astronomy, were ar-
dently pursued: and it may be readily supposed that, placed so
far in the East, the schools of Baghdad were not limited to the
Greek sources of knowledge. The Hellenic springs, however,
seem to have been preferred to the Hindu ones by the more
exact astronomers; and with nearly the same instruments, and
the same theory as Ptolemy, a career of four centuries began,
during which many astronomical elements, and, in particular,
the obliquity of the ecliptic, and the precession of the equinoxes,
were more accurately examined.

Al Mansur was succeeded by his grandson, the celebrated
Khaliph Harun al Rashid, the renowned hero of the Arabian
Nights. His claim to the title of Rashid, the wise and good,
may be questioned in his treatment of the Barmecides, and some
other points; but the respect of the scientific is demanded by his
love and encouragement of learning, whence his court became the
resort of the most eminent literary characters of his time: of
geniuses instead of genii. Although he died at the age of forty-
seven, he reigned from A.D.785 to 808, and was the richest and
most potent sovereign of his era. He sent a splendid embassy to
Charlemagne, his ally, which, among other presents, brought a
water-clock, in the dial of which were twelve small doors,
forming the division of the hours. Each of these doors opened
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at the time it marked, and let out little balls, which, falling on
a bell of brass, struck the hours. The doors continued open till
twelve o’clock, when twelve little knights, mounted on horse-
back, came out together, paraded round the dial, shut all the
doors, and returned to their apartments. This must have been
a wonderful effort for the time; and horology is too closely con-
nected with astronomy for its mention to be uninteresting.
After Harun, his eldest son, Al Amin, became khaliph, but
drunkenness and misgovernment upset him, and his brother,
Al Mamun, succeeded to the throne, which he held from 812
to 833. This sovereign was himself a diligent observer, an
improver of astronomical instruments, and a great promoter of
science. Under him, the translation of Ptolemy’s Syntawis was
completed by Ishak Ibn Houain, and given to the world under
the name of Almagest, about the year 827. Al Mamun also made
and caused to be made, good observations which were worked
into a body of astronomical science known as the Mamunic
Tables, and Al Mumtakan, the proved by trial. Two observations
of the obliquity of the ecliptic are recorded, which were either
made by Al Mamun himself, or under his immediate auspices,
one at Baghdad, and the other at Damascus; and the mean of
the observations established a declination of about 23° 34’. This
determination is important in the history of science; and it is
moreover remarkable from having been followed by the measure-
ment of a degree of the terrestrial meridian, in order, as it is
expressly stated, to verify the former values; and this is the only
instance of an attempt to emulate the ancient operations, during
a long dark period of fourteen hundred years. The spot fixed
upon was an extensive plain in Mesopotamia, between Palmyra
and Rakkah, a district now principally inhabited by the Mowali
Arabs: here one party was directed to travel north and the
other south, till they had changed the situation of their zenith
one degree from the place of their departure. The whole was
well planned, but as we neither know how they determined
their latitude, nor how they measured their distance, and are
also ignorant of the mieasure employed, it is impossible to ascer-
tain what degree of accuracy was attained. The statement,
however, is, that one of these degrees was found to contain 56%
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miles, and the other 56, each mile being 4000 royal cubits.
But of the precise length of the cubit there have been such
different opinions, that Al Mamun’s degree may be considered
as lost to the world. Those who leap to conclusions assume
each dhird, or cubit, to contain 27 inches; and the inch was
equal to six grains of barley placed side by side: others reduce
the royal cubit to 193 inches.

The principal assistants in Al Mamun’s views, were Yahya
Ibn Abilmausor, Said ben Ali, Abbas ben Said, Khalid ben
Abdil-melik, Abul-tayyib, and Ali ben Isa; but the flowers of
his flock were Ahmed-Ibn-Kethir al-Ferghani and Thabit-Ibn-
Korrah. The first, known as Alfraganus, surnamed the Cal-
culator, was called Al Ferghdni, from the town of his birth: he
is the author of an Introduction to Astronomy, in which he
endeavoured to popularize the Almagest, and in its twentieth
chapter, is a detail of the twenty-eight Lunar Mansions of the
Arabians. Thabit was also a elever astronomer, and is said to
have improved what Ferghdni prepared: he, however, is prinei-
pally remarkable for having revived the old notion of a variation
in the position of the ecliptic, as well as in the fixed stars,
which has been called the ¢repidation. It was his opinion,
founded on some erroneous observations, that the stars moved
for some time according to the order of the signs; that they
afterwards proceeded in a retrograde direction, and returned to
their former places, after which they assumed a direct motion;
and that they then had an irregular motion, which was rapid
for a certain period, then became slower, and at last insensible.
He maintained that the obliquity of the ecliptic was variable,
under similar periods of increase and decrease; and his opinions
prevailed for a considerable time.

The most distinguished practical astronomer of the Baghdad
school was Albategnius, a corruption of Al Batténi, from his birth-
place Battan, near Harran, in Mesopotamia. By the Arabians
he is known as Mohammed Ibn Jaber Ibn Senan Abu-Abdallah
al-Harrani. He computed new astronomical tables to supersede
the imperfect ones of Ptolemy, and composed a work entitled
The Science of the Stars, comprising all branches of astronomy,
according to his own observations and those of Ptolemy, adding
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to the latter’s results, as ““he had added to those of Abarchis™
(Hipparchus). He observed the autumnal equinox at Rakkah
on September the 19th, one hour and fifteen minutes after mid-
night, A.D. 882; and he also observed, about 883, that the
first star of Aries was 18° 02’ from the equinoctial point; he
states the obliquity of the ecliptic at 23° 35", and the motion of
the sun’s apogee, since Ptolemy’s time, as well as the motion of
the stars, at one degree in seventy years. He is the first who
made use of sines (instead of chords) and versed sines; and he
found the length of the year more accurately, making it only
two minutes less than what it was stated to be by Dr. Halley,
eight hundred years afterwards. The Alpkonsine Tables of the
moon’s motions were founded on the observations of Albateg-
nius. About this time flourished Albumazar, or AbG-Ma’ashar
al-Balkhi, who was esteemed as one of the most lecarned
astronomers of his age, although he was strongly tinged with
astrology. His Introductio in Astronomiam, printed at Venice
in 1489, is well known; and he is said to have observed a comet
above the orb of Venus. It is not known when Alchabitus
lived, but his introduction to the knowledge of the celestial
influences, was translated and printed at Venice in 1491, under
the title of Isagoge ad Magisterium Judiciorum Astrorum. He
also wrote upon optics.

In the middle of the tenth century, a description of the side-
real heavens was written by Abdu-l-rahman Sufi, a dervish, who
likewise rejoiced in the appellations Ibn Omar Ibn Mohammed
Ibn Sahl Abul Hasan al-Rasi. Alfarabius, or Al-Farabi Abu-
Nasr, who died A.D. 950, wrote upon optics and astronomy,
and is somewhat remarkable as having been, perhaps, the first
compiler of an Encyclopwdia; for such one of his works may be
called, as it gives a clear and comprehensive compendium of the
arts and sciences: there is a manuscript copy of this book in
the Escurial. He was followed by Ibn-Yunis, of Egypt, also
a man of many names, who died in the year 1008. He flou-
rished under the Fatimite dynasty, and was an observer and
mathematician of great merit. He first noted the time of the
beginning and end of an eclipse by taking the altitude of a star;
and his Hakemite Tables display an increasing knowledge of
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trigonometry, he being the first who employed subsidiary angles.
His cotemporaries were Ibn-al Alam, or Ali Ibn al-Hasan, of
Osaila, whose works are unfortunately lost; and Abul-Wefé,
who first formally used tangents, co-tangents, and secants, which
Albategnius had overlooked. Abul-Wefé also knew and treated
of the third inequality of the moon, or variation, the discovery
of which delicate quantity is attributed to Tycho Brahé: the
Arabian shows the cause of the equation, and states its amount
to be about 45°. He named the anomaly Mukazal.

After the Arabs had conquered the greater part of Spain,
about the year 1020, they built several observatories to continue
their observations, and planted a love of science in their new
dominions. Among those who have taken precedence among
the Hispano-Moors, is the philosopher Al-Hazen; but the claim
is doubtful, since it is only known that he was born at Basrah;
in what year is uncertain; and his death took place at Cairo,
1038. He was a skilful geometrician, and a great improver of
the science of optics, confirming his theory by experiment and
observation. He was the first who applied the laws of refraction,
to show how the heavenly bodies are sometimes seen as if above
the horizon while still below it; and who, in the same way,
explained the cause of the morning and evening twilight. Inm
his optical treatise, he gives a tolerable description of the eye,
maintaining that the crystalline humour is the most important
organ for the purpose of sight, without considering it as a lens,
asserting that vision is not completed till the ideas of external
objects are conveyed by the optic nerves to the brain. Among
other dioptric discoveries, he probably suggested the hints which
led to the useful invention of spectaclés; and it is in his writings,
that we find the first distinct account of the magnifying power
of glasses. Shortly after Al-Hazen, Arzachel, also a Spanish
Moor, is supposed to have produced the 7Zabule Toletanes,
calculated for the meridian of Toledo, where he probably was
residing about the year 1080. These tables are of indifferent
accuracy, but were not unuseful to the Alphonsine astronomers,
who, says Delambre, “n’ont eu en vue que de les rendre un peu
plus exactes.” He also wrote a work entitled, Observationes de
Obliguitate Zodiaca. About the same time, Geber, another
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Spanish Moor, introduced the use of the co-sine, and made
improvements in spherical trigonometry. He was a man of
extensive attainments; but as he was addicted to the mystical
jargon of the alchemists, Dr. Johnson is disposed to derive the
word gibberish, which Camden writes geberisk, from Geber.
He exercised a very undue criticism upon Ptolemy’s conclusions,
but without any essential amendment: whence Delambre, after
a strict investigation, sharply says, “Géber est donc inattentif
et injuste; sa critique porte entiérement 4 faux.” Abu-1 Hasan,
who flourished about 1200, and has left some improvements in
dialling, and a Catalogue of 240 stars, is also claimed for Spain;
but he seems to have been born in Morocco.

The middle ages produced some good astronomers among
the Persians, and their Tables were translated by George Chry-
sococcas, a Greek physician, in the fourteenth century. They
made many observations in order to discover the real length of the
solar year, which they fixed at 365 days 6 hours; their method,
therefore, of intercalating, was of surprising accuracy, however
complicated it may have been. Two cotemporary labourers in
this vineyard deserve especial mention. Kazwini, or, to do him
full justice, ’Omadu-d-din Abu Yahya Zakariyd Ibn-Mahmuad
Ansiri al-Kazwini, who died in 1283, was the author of several
useful works. Three of these are extant, and treat of history,
geography, and cosmographic natural history, in the latter of
which is the curious description of the constellations so largely
made use of by Assemani, in his description of the celestial Cufic
globe at Velletri. Kazwini’s collaborateur was the celebrated
Nasir-Ed-din, more properly Mohammed Ibn-Hasan El-Tusi, a
native of Tus, in Khorasan, who published the Persian Tables
A.D. 1270, under the patronage of Hulagu, grandson of Jengiz
Khan, and conqueror of Persia. Nasir-Eddin was an admirable
and learned man, and besides the Ilkkanian Astronomical Tables,
said to be still used in Persia, he also published—with com-
mentaries—the most esteemed Mohammedan editions of Euclid’s
Elements, and the Spherics of Theodosius and Menelaus. In-
deed, he cultivated literature and the sciences with such success,
that he was characterized as ‘“the master who had acquired the
highest reputation in all branches of knowledge.” To this epoch
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are assigned the two Arabic Globes, so often referred to, one of
which is in the Museum established by Cardinal Borgia at
Velletri, and the other in the Mathematical Saloon at Dresden.
The last of the Oriental astronomers was the Mogul prince,
Mohammed Taragai Ibn Shah-rokh Ibn-Timur, known by the
name of Ulugh Beigh, the great lord: he was a grandson of the
famous conqueror Timur-len (Timor the lame), the Tamerlane
of our stories, and was born in 1393. This prince not only
encouraged the sciences as a sovereign, but was himself a prac-
tical astronomer, a mathematician, and one of the most learned
men of his age. Among other institutions for the promotion of
science, he established a gymnasium (madratak) at Samarcand,
his capital; and he constructed an observatory which he fur-
nished with the best instruments. Here he worked in person,
with Salah-ed-din and his son Ali Kushi, and Musa Ibn-Gajiat
Mohammed Jamshid, as his assistants. The latitude of this
important spot he pronounced to be 39° 37’ 23” north; and to
determine this, he is said to have employed a quadrant, the radius
of which was one hundred and eighty Roman feet: but most com-
mentators suppose that this must have been a gnomon instead of
a quadrant. To this fine spirit we are indebted for the Zij, or
Tables of Ulugh Beigh, part of which is the well-known cata-
logue of stars for the year 1437, a re-examination of Ptolemy’s
stars, with the exception of twenty-seven which were too far south
to be visible at Samarcand; and there were eight others which he
could not find. This was the most perfect collection which had
ever appeared, and will always be a valuable evidence in astro-
nomical science. An unhappy difference now occurred between
this learned sovereign and his eldest son, Abdallatif. Addicted,
like other Orientals and astronomers of the time, to astrology, he
calculated his son’s nativity, and from the aspect of the horo-
scope, saw ground for preferring his younger son; so that the
eldest, being slighted, rebelled against him, and by the event,
cast a spurious air of truth over the astrological predictions. A
civil war was the consequence, and in a bloody battle near
Samarcand, the father was defeated, and compelled to seek safety
in flight. Tn the hope that Abdallatif would compassionate him,
Ulugh Beigh afterwards returned to Samarcand, and claimed
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protection ; but the unnatural son issued an order for the
execution of his father and brother, which tragical events took
place in the year 1449. ¢ Fuit rex justus, doctus, perfectus,
sapiens, prudens, ac victoriosus,” say the biographers of this
martyr to astrolog

From this time astronomy declined throughout the East: the
Emperor Akbar, indeed, liberally encouraged it, and the Jesuits
endeavoured to spread it, but there is little left besides the
craving to foretel future events from the aspects, positions, and
influences of the heavenly bodies.

There is, however, a large debt due to the Arabians.
Among the principal dictionaries of the Arabic language, the
Kamts, ocean, of Firizabadi, may be cited as containing much
illustration of stellar nomenclature in 13850; and the Catalogue
of Tizini is useful in Oriental researches. But the works of this
school, in general, must be consulted with caution; although there
is ground for supposing that many new points of astronomical
history may follow a closer examination of the Arabian arch-
ives. Thus MM. Sédillot, father and son, have, indeed, already
achieved much, and discovered, to use the words of Delambre,
““des choses curieuses, et qui seront toutes nouvelles pour nous:”
and in taking leave of the Arabs, it may be said, that by their
energy, under enlightened and munificent rulers, the sacred
light of science was preserved and nourished; “qui se serait
” says M. Bailly. They made numerous, and,
for that age, accurate observations of the sun and fixed stars, to
ascertain their apparent movements; and their uninterrupted

éteint sans eux,

application to the practice, enabled them to supply corrections
for most of the elements. The length they found for the tropical
year, and their determination of the sun’s apogeum, are both
within a few seconds of the truth; while their tables of planetary
motions, when compared with those of recent construction, con-
firm the secular equation of the moon, and the great inequalities
of Jupiter and Saturn. From a statement of Averroes, who
perhaps mistook solar spots for planets crossing the sun’s dise, it
is clear that in his day it was held that Mercury and Venus
were opaque, and that transits would result from the positions
of their orbits. In a word, it is to the Arabians that we are
VOL. I D
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indebted for the sines and tangents of circular arcs, two new
functions by which the formule of trigonometry are considerably
simplified; as well as for the introduction of the neat Hinda
notation by numeral digits*, for transporting from India the
powers of algebra, and for the preservation of the astronomy of
the Greeks through the western darkness of those ages; whilst
among their discoveries may be mentioned, that of the motion
of the solar apogee, and the third inequality of the moon, called
its variation. Although Europe afterwards developed science
to the fullest possible extent, her obligation to those *heathen
savages,” although they were greatly given to speculative theo-
ries, is shown by retaining their names of stars, and in the use
of their words Almanac, Algebra, Algorithm, Azimuth, Zenith,
Nadir, Alidad, Almacantar, and other terms. Mr. Edward
Barnard, Savilian Professor at Oxford, in 1673, asserted that
the Arabs made use of the pendulum for marking time: the
passage may be quoted from the Philosophical Transactions
for 1684: “Quam illi sollicite temporis minutias, per aquarum
guttulas, immanibus Sciotheris, imo (mirabere) fili penduli
vibrationibus, jampridem distinxerint et mesurarint.”

During those times Europe was immersed in gross ignorance,
the density of which was only occasionally pierced by the gleams
of science, and that at long intervals, appearing as little in unison
with the bent of the epoch, as an outcropping of granite would
be in the chalk. At length, about the year 1230, the first trans-
lation of the Almagest was made under the auspices of the
Emperor Frederic II. Shortly afterwards appeared the first
European Tables; they were brought forward by Alphonso X.,
king of Castile, surnamed the Wise. (See No. CCCLVI., Vol.
II., p. 214.) These Tables could hardly have answered the time
or expense which were devoted to them, since they differ very
little from those of Ptolemy; and the catalogue of fixed stars
therein, seems to be a mere augmentation of the former lon-
gitudes, as shown in the Latin translation of the Almagest, by

- * The use of the decimal and decuple number was not new, but the nota-
tion was. Plutarch says that it was common not only among the Greeks, but
also among the Barbarians. The ten fingers probably gave rise to it.
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17° 8. A consciousness of this, together with a view of satirizing
the perplexing maze of eccentric eycles and epicyeles with which
the system was then embarrassed, may have occasioned the noted
exclamation of Alphonso, that « If he had been consulted when
God created the world, he would have advised a less complex
scheme;” a saying which, though branded with arrogance and
impiety, can only be viewed as a sarcasm on some dispute
among the system-makers of his age. About the same time,
Roger Bacon, the * Doctor mirabilis™ of the English, wrote on
the phenomena of astronomy, in which he suggested various
advances, both in perfecting instruments and in making obser-
_vations: and it is beyond a doubt that his extraordinary mind
conceived the telescope, though there is no proof that he gave
it birth. He was the first to show, probably from his own
observations, that the days of the equinoxes happened earlier,
with respect to the calendar, than they did in the time of
Ptolemy; and he concluded in his Opus Majus, that the anti-
cipation was equal to one day in a hundred and twenty-five
years, which is nearly correct. He thus foresaw the necessity
of correcting the calendar three centuries before that correction
was actually made. Delambre is perhaps travelling out of the
record, when he pronounces this severe sentence: *“On ne peut
mettre Bacon au rang des promoteurs de I'astronomie.” Bailly
evidently thought otherwise.

Between the days of Roger Bacon and those of Copernicus,
there were several writers of more merit than importance; but
they severally assisted in diffusing a taste for astronomy, and in
keeping up a knowledge of the science. Of these, two deserve
special mention, albeit it cannot be said that they made any
direct advances either in theory or observation. George Pur-
bach, the eminent mathematician, wrote on gnomonies, with
tables suited to the difference of climates and latitudes. This
work was followed by a small tract Concerning the Altitudes
of the Sun, with a table, and “astrolabic canons.” He then
constructed exact celestial globes, with Ptolemy’s stars corrected
to the middle of the fifteenth century; and made considerable
improvements in trigonometry, with an extension of its tables.
His Theoricwe Novew Planetarum, which became a text-book

D2
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in all the schools, is based on the theory of Ptolemy. At the
vequest of Cardinal Bessarion, he commenced a Latin trans-
lation of the Almagest, but died in 1461, before it was com-
pleted. This task was executed by his friend and favourite
pupil, John Miiller, commonly known by the name of Regio-
montanus, from his residence at Konigsberg, a mathematician,
astronomer, and inveterate anti-Copernican. Insensible to all
argument but what was drawn from the assumed letter of the
Seriptures, he persisted in giving fixity to the earth; and though
he admitted that the planetary orbits were not material, he
placed epicycle upon epicycle to account for and modify the
irregularities of their motions. He executed various mecha-
nical projects, and published a treatise on the true place and
magnitude of comets. He also extended trigonometry: Purbach
was the first who reduced the tables of sines to the decimal scale,
and Miiller perfected the project by carrying the sines to every
minute, the radius being 600,000, as designed by Purbach, but
he afterwards computed them to the radius of 1,000,000 for
every minute ‘of the quadrant. He likewise introduced tan-
gents into trigonometry, and published the first almanacs which
were worthy of the name. His cotemporary Cardinal Cusa,
wrote on the correction of the calendar, and speculatively
maintained the motion of the earth, in his work De Docti
Ignorantid: he also thought he had demonstrated the quadrature
of the circle, but in this he was refuted by Miiller.

Various useful hints are thrown out in many writings of that
epoch, which can even yet be available to the progress of know-
ledge; but the search into the original works demands both
ability and patience, being often perplexing and bewildering,
instead of simply instructing. There is, however, every excuse
to be made for those authors. Numerous circumstances influ-
enced their style and mode of communicating new notions and
discoveries: in the mists of ignorance, it might be necessary to
be tedious in illustrating truths now commonly received; and
from the prejudices then current, it was necessary to combat
errors with caution or with vigour, to a degree which would seem
excessive or preposterous in the present day. The minds of the
philosophers, also, felt the influence of the age in which they
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lived, whence they complied with its fashion, and so darkly
communicated their inventions, that an air of mystery has over-
shadowed and obscured some of their most remarkable disco-
veries. Among the most popular of the works thus alluded to,
was the treatise entitled Homocentrica, which is an exposition
of planetary movements, by Fra Castorio, upon hypotheses long
since abandoned.

Nicholas Copernick now rose, and made so great a figure in
astronomy, that the true system he discovered, or rather restored,
has been ever since called the Copernican system. This was
the advent which divides old science from new; formal astro-
nomy—or the relations of space and time, from physical astro-
nomy—or the relations of force and matter. In studying the
celestial mechanics, his ‘understanding at once revolted against
Ptolemy's scheme for the motions of our planetary system; but
the subject required a combination of skill and caution. He was
perplexed and embarrassed by the epicyclical theory, the com-
bating with which incurred no great penalty: but the hypothesis
of the earth’s being the motionless centre of the universe, was
implicitly received; it had been adopted by Plato and Aristotle,
whose authority was considered paramount, and Joshua’s com-
mand to the sun and moon irrefragably confirmed it. To attack
this system, therefore, incurred the imputation of heresy; yet,
nothing daunted, Copernicus went boldly to work, improving his
views by a long series of observations, between 1507 and 1530,
and by a close attention to the writings of ancient authors. In
these he found that the Egyptians taught the revolution of Mercury
and Venus about the sun; that Apollonius Pergeeus had assigned
the same motion to Mars, Jupiter, and Saturn; that Pythagoras,
whose learning was derived from the Egyptians, asserted the
earth’s motion round its own axis; and that Aristarchus and
Philolaus went still further, and maintained that our globe did
not only move about its axis, but employed twelve months in
revolving round the sun. On these foundations Copernicus reared
his structure, of which his intense and sagacious study furnished
him with the most correct mathematical evidence. Advancing
on the festina lente principle, he improved the lunar tables, and
gave, to a considerable extent, an explanation of celestial pheno-
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mena upon the revived basis. In 1530, he had finished his
tables of the planets, and his great work, De Revolutionibus
Orbium Calestium; but he did not venture to launch it into the
learned world before 1543, when he received a copy of it only a
few hours previous to his death, and consequently never read
it in print. It contains the old philosophy interspersed with his
own original and acute conceptions, and was received under
very considerable opposition.

This reception was somewhat justified by the hesitation with
which it was brought forward. By making the earth to revolve
round the sun, and its orbit to become a great epicycle, he ade-
quately accounted for what are called the second inequalities;
and it became immediately obvious, with the help of a diagram,
why a planet must sometimes appear retrograde and sometimes
stationary. By this hypothesis he was enabled, with the aid of
geometry, to assign the rates subsisting between the distances of
the planets from the sun, and to account for the variations of the
planet’s latitudes; yet he failed in explaining the lunar theory,
and the first inequalities of the planets. These were objections
among the scientific class, many of whom, however, saw great
cause for admiration in the labours of Copernicus; but his sub-
stitution of the diurnal and annual motions of the earth, for the
apparent diurnal revolution of the heavens, and his making the
whole terrestrial orbit shrink into a mere point, as compared with
the distance of the fixed stars, was too violent a contradiction to
the evidence of the senses, and the prevalent opinions, to obtain
any extensive credit. All the mechanical objections to the system,
however, and they were neither few nor light, have now been
removed; and it has been firmly established by new arguments
and demonstrations brought forward by Kepler, Galileo, and
Newton. Still it must be distinctly understood, that the disco-
veries of the last mentioned philosophers were so decidedly novel,
that the planetary system as promulgated by Copernicus, was
very far removed from that which is at present distinguished by
his name.

Ignatius Danti, the Perugian mathematician, applied him-
self assiduously to the improvement of instruments, and left at
Florence, as monuments of his skill, a marble quadrant, and
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an equinoctial and meridional oval line. Observations had been
made with the gnomon from the earliest ages, and Danti wished
to perpetuate its use. In 1575, he made a grand one in the
church of St. Petronius, at Bologna, which has received deserved
praise. It consists of a meridian line, traced along the pave-
ment, with an aperture in the wall through which the solar rays
are transmitted. Cassini restored this line in 1653, which,
becoming again deranged by the sinking of the pavement, was
finally restored by Zanotti in the year 1776. I may add, that it
was with peculiar pleasure that Baron de Zach and I inspected
this relic on the morning of the 7th September, 1820, just before
observing the annular eclipse which happened on that day.
Between the deaths of Copernicus and Tycho Brahé, there
were several astronomners of considerable note, who greatly ad-
vanced the science by improving the means of observation, and
by printing astronomical works. Such were Reinhold, who
formed the Pruthenic Tables; Recorde, of Castle of Knowledge
notoriety, the first English Copernican, and the introducer of
algebra into this country; Gemma, surnamed Frisius, a pro-
ficient in mathematics and astronomy; Rheticus, editor of the
Opus Palatinum; Maurolico, of Messina, the restorer of the Vth
book of Apollonius; Piero Nufiez, inventor of an improved
method of subdividing the units in reading an angle, by a slid-
ing scale called Nonius, his Latinized name, which anticipated
Vernier’s application; Hood, the inventor of an astronomical
staff which went by his name; Mcestlin, the author of Epkeme-
rides, and Epitome Astronomie ; Thomas Digges, who assisted
such as would fly or climb to science, by his Ale sive Scalw
Mathematicer ; and Bishop Wilkins, who sought other habitable
worlds on Copernican principles. There is, nevertheless, a gross
misrepresentation as to the state of English knowledge at this
epoch. The above cited Hood, in 1590, published 7%e¢ Use of
the Celestial Globe in Plano, the first English work noted by
Lalande in his Bibliographie Astronomique; and he naively
remarks,  L’astronomie commencait a percer en Angleterre.”
But Urania had already found her way into England, and in the
book which he eites, he might have seen that there was then a
considerable demand for the aids to knowledge already dissemi-
nated; for Hood distinetly says, “Our globes, and spheres, and
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celestiall dranghts, which heere we have, will witness the false-
hood of that exception, wherein eche severall starre is so truelye
prickt that they misse not an haire of their naturall place.” We
will say nothing of Wilfred of Ripon, who flourished about
690; Adelm, who died at Malmsbury in the year 709; the
venerable Bede in 735, and his pupil Alcuin in 804; Adelbold,
the correspondent of Pope Sylvester II. in 1000; and Jolm
Garland, the Devonshire alchemist in 1081 ; because they knew
neither Euclid, nor Ptolemy, as we are told by Professor
De Morgan, who, in showing that this country held a con-
spicuous rank in the philosophy of the middle ages, gives a list
of no fewer than ninety-six English mathematical and astro-
nomical writers between 1068 and 1599, remarking that he had
no doubt but that it might still be enlarged. Half a hundred
of these names may be selected in illustration; and we shall soon
see that England has contributed her full quota to the series of

philosophical and zealous inquirers who have so largely opened
the human intellect.

1060. Oliver of Malmsbury. Astrological writings.

1095. Herbert Lozing. Asirology and Tables.

1130. Adelard of Bath. Translation of Euclid, &.

1132. Richard of York. On the Tables of Arzachel.

1160. John of Hexham. On comets.

1164. Simeon of Durham. Ditto.

1170. Roger of Hereford. A theoretical work on astronomy.
—— Clement Langton. On astronomy.

1190. Daniel Morley. Principia Mathematices.

1210. Gilbert Legley. A compendium of astronomy.

1224, /Egidius of St. Alban’s. On astronomy.

1253. Robert Greathead, Compendium Sphere, &e.

1255. Roger Bacon. Investigator of phenomena.

1256. Sacrobosco (John Holywood). De Sphera Mundi, &e.
1260. John Peccam. On optics ( perspective).

1290. Michael Scot.  T'ranslated Aristotle from the Arabic.
1304. Duns Scotus. Meteorology and physics.

1316. 'Walter Evesham. On the planets and on the sphere,
1320. John Baconthorp. On the sphere,

1326. Richard Wallingford. A4 writer on astronomy and an observer.
1330. ‘Walter Catton. dgainst astrology.

1340. Robert Holcoth. On the motions of the stars.

1342. John Maudith. Tables of the Jized stars.

1349. Thomas de Bradwardyn., On optics, and geometria speculativa.
1350. William Grizaunt. On the magnitude of the sun, &e.

1360, John Killingworth. On astronomy and astrology.
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1360. Louis of Caerleon. Calculations of eclipses.

1370. Richard Lavingham. On the distances of the planets.

—— Simon Bredon. Onr the equations of the planets.

Nicholas of Lynn. Astronomical Tables.

1385. William Rede. Planetary Tables.

1390. John Somer. The Ozford Ephemeris.

—— Walter Bryte. On the sphere and the theory of the planets.

1400. Geoffrey Chaucer. A4 treatise on the astrolabe.

1410. John Walter. Astronomical Tables.

—— William Batecumb. On astronomical instruments.

1489. Thomas Kent. Astronomical Tables.

1530. John Robins. Aséronomical Tables.

1540. Andrew Boorde. Principles of astronomy.’

1552. Anthony Askham. A lytel Treatyse of Astronomy.

1555. Richard Eden. On navigation and surveying.

1556. John Field. An Ephemeris for 1557.

1557. Robert Norman. On navigation.

1558. Robert Recorde. On geometry, astronomy, algebra, &e.

1559. William Cunningham. The Cosmographicall Glasse.

1572. John Dee. A translation of Euclid.

1585. John Blagrave. The Mathematical Jewel.

1590. Thomas Hood. On the Celestial Globe.

1595. Leonard and Thomas Digges. On spherical trigonometry, paral-
lazes, &c.

1599. Edward Wright. Navigation and magnetism. Inventor of the pro-
jection called Mercalor’s,

The first observer who made any important additions to the
phenomena of the heavens as received from the Arabians, was
Tycho Brahé, a Danish nobleman, who, in 1576, constructed a
splendid observatory named Uraniburg, at Huen, an island near
Copenhagen, at an expense of £40,000, half of which was paid
by his sovereign. Here he made a catalogue of the fixed stars,
more accurate than any preceding one; gave the first table of
refractions; rediscovered the lunar inequality called the varia-
tion; noticed the inclination of the lunar orbit; discarded the
trepidation of the precession; and greatly improved and en-
larged the instruments in use, as well as all the methods of
observation. His numerous works prove that he was a man of
extraordinary abilities; and it is to be regretted that he sacri-
ficed his talents, and perhaps his inward conviction, to super-
stitious considerations, and rejected the true solar system. His
errors and weaknesses ought certainly to be forgiven, in return
for the observations and discoveries with which he so sub-
stantially enriched astronomy; and it is to be regretted that we
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know so much about his nose, his low-born wife, his insane
companion, his attention to omens, his researches in alchemy,
and his devotion to astrology*. A very singular fatality has,
however, attended the noble Dane’s fame with the million,
among whom he is more usually quoted as the schemer of an
un-dynamic order of planetary rotations, than as he who made
more astronomical observations than any man before him. Less
happy in systematizing than in observing, and averse to the
Copernican theory, he substituted for it one of his own, usually
known by the name of the Tychonic system; also, from its being
a sort of medium between the views of Ptolemy and Copernicus,
the Semi-Ptolemaic. In this retrograde step, Tycho placed the
earth motionless in the centre of the universe, round which he
asserted the annual motion of the sun, and the menstrual motion
of the moon. The geocentric system was certain of a favour-
able reception, since texts from Scripture had been very un-
warrantably dragged forward against the heresies with which
Copernicus had shocked prejudice; and, indeed, the savans had
advanced objections which were then deemed irrefragable; the
earth, they contended, was too large and ponderous for motion,
and the idea of its diurnal movement they held to be ridiculous,
inasmuch as the centrifugal force would throw off all bodies,
animate and inanimate, from its surface. His system, how-
ever, involved too many inconsistencies and improbabilities to
gain supporters of note; so that it led to another called the
Semi-Tychonie, in which some of the absurdities of the former
are removed, by conceiving the earth to revolve round its axis
every twenty-four hours, with the moon as its satellite. The
other planets were considered as performing their revolutions
relatively about the sun; and the whole of this system, together
with that of the firmament, or orb of the fixed stars, was supposed
to be carried by the diurnal motion round one of the smallest

* Tycho’s first catalogue, the Astronomie Instaurate Progymnasmata, con-
tained exactly 777 stars ; a number which was probably determined on from
the mystic importance of the seven, which, Hermes Trismegistus says, refers
to the accomplishment of all things; in this Dr. Slop would perhaps have
agreed. There were seven wise men of Greece, seven champions of Christen-
dom, seven wonders of the world, seven branches of the golden candlestick,
seven altars, seven planets, and seven heavens.
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planets. As this scheme, however embarrassed and perplexed
with different centres, explains all sensible appearances pretty
well, it became popular, and prevailed among the anti-Coper-
nicans for nearly a century, till it was entirely exploded by the
discoveries of Newton.

Among the earliest disciples of Copernicus, the unfortunate
Giordano Bruno of Nola must be named. He quickly embraced
the heliocentric opinions, and connected a plurality of worlds
therewith. In 1591 he published his book De¢ Innumerabilis
Mundis, in which he maintains that each star is a sun, about
which planets revolve; and he may have been instrumental in
introducing these views into England, on his visit thither a few
years before. These notions, no doubt, coloured the other
heresies of the poor Dominican, for which he was brought to
the stake at Rome, and burnt in 1600.

Cotemporary with Tycho there flourished several eminent
astronomers, among whom was the famous Kepler, who saw
that the attractive influence of the moon was the means of rais-
ing tides in the ocean; and he had a strong perception, as
Newton admitted, of the principle of gravitation. In 1609, this
great man published his extraordinary commentary, De Motibus
Stelle Martis, in which he established, from Tycho Brahé’s
observations, his rst and second laws, viz. that the form of the
orbit is an ellipse about the focus, and that the areas are propor-
tionate to the times. This investigation is truly remarkable, as
a perfect example of legitimate connexion between theory and
experiment under mutual suggestion; it required a large ex-
penditure of time, labour and sagacity, to arrive at the truth,
that the orbit of Mars was not a circle, but a curve interior to
a cirele; and a curious light is thrown on the inquiry, by finding
that the elliptical law was based on the presumption, that an
observer so exact as Tycho could not have been in error to the
amount of eight minutes in his observations*. In 1618, Kepler
announced his third law,—that the squares of the periodic times

* Copernicus laughed at Rheticus, when he was disturbed about single
minutes; saying, that if he could be sure to ten minutes of space, he should be
as much delighted as Pythagoras was when he discovered the property of the
right angle.
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of the planets are in proportion to the cubes of their distances
from the sun; and this discovery is partly ascribed to his con-
fidence in the mystical powers of numbers. He also laboured
upon refractions, first noticed the zodiacal light, published the
unrequited Rudolphine Tables, discovered the fourth inequality
or annual equation of the moon, and was incessantly engaged in
various scientific works, in the midst of pecuniary difficulties.
Copernicus had failed in explaining several parts of his system,
from his idea that it was a law of nature that uniform motion
should be in perfect circles, as well as from his excessive deference
for Ptolemy. Kepler, however, was displeased with the com-
plication of epicyles; and presumed to suspect that the author of
the Syntaxis, instead of deducing his theory from observations,
had sometimes corrected the observations to suit his theory,
and this sagacity led to the demolition of the circles and
deferents. His own approaches were not made with the great-
est precision in the first instance; yet he was no sooner baffled
on one tack, than he trimmed sharp upon the other. No dis-
appointment was sufficient to check the ardour of his researches,
and nothing ever dismayed him; his patience and perseverance
were inexhaustible; but his patience and perseverance were not
those of a mere mathematical plodder,—he was daring, saga-
cious, inventive, and fanciful. He made no fewer than nineteen
hypotheses with regard to the motion of Mars, and calculated
the results of each, before he pronounced the path to be an
ellipse; and prepared ‘‘the tabular prisms and equated excentric
fetters for the vanquished planet.” To sum up his services, it
may be stated, that to him we owe the true figure of the
planetary orbits, and the formal proportions of the motions and
distances of the various bodies which compose the solar system:
indeed, THE THREE GREAT LAWS of Kepler may be said to be the
foundation of astronomy as an exact science in mechanical
philosophy. But the proof of this was awaiting the higher
generalizations of the mighty Newton, who was the first to
appreciate duly, and reveal satisfactorily to others, the sccrets
which Kepler had extorted from nature. Kepler’s idea, that
a planet must exist between the orbits of Mars and Jupiter,
too small for the naked eye to perceive,—and his opinion that
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the sun performed a revolution on its axis,—preceded the actual
knowledge of those facts.

Meantime Galileo was rendering services of the highest
importance to the philosophy of nature, in showing the laws by
which material bodies act mechanically on each other, and by
the theory of the composition of forces, which determines the
result or equivalent of forces acting upon bodies in the same
or in different directions. In thus restoring, in a clear and
geometrical manner, the long-neglected doctrine of motion, which
Maclaurin says, has been justly called the Key of Nature, he
demonstrated the important problem, that the spaces described
by heavy bodies from the beginning of their descent are as the
squares of the times. ~Having made a telescope from a general
description of a magnifying instrument by one Jansen, in
Holland, he applied it to the examination of the heavens, and
with it caught a view of some wonderful spectacles announced
in 1610, in his Nuncius Sidereus. Thus armed, he made many
useful and valuable discoveries, as the lunar mountains, the
component stars of the Via Lactea, the satellites of Jupiter, the
ansew of Saturn, the phases of Venus, and the spots on the sun:
the last, however, had been already observed by Harriot, in
England, and were also seen by Christopher Scheiner, the active
anti-Copernican, in 1611. Ameong other important pursuits,
Galileo made experiments on the gravity of the air; invented
the geometrical cycloid; discovered the isochronous motion of
pendulums; and acquired an extensive knowledge of agriculture,
drawing, painting, poetry, music, and architecture. By his
observations and sound dynamical reasonings, the objections to
the system of Copernicus were satisfactorily answered, and it
acquired a probability almost equivalent to demonstration;
although that demonstration was conclusively given afterwards,
by Bradley’s discovery of the aberration of light, which furnished
the direct and unanswerable proof of the earth’s motion. The
judgment and sagacity, however, of Galileo, led him to exact
results, and though he veiled his discoveries under anagrams,
he sturdily divulged and maintained his opinions. By openly
espousing these heretical doctrines, the philosopher, in his
seventieth year, drew down upon himself the notice,_ perhaps

———— e
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reluctant, of the Inquisition at Rome, which condemned him to
pass the rest of his days in a dungeon; but he was liberated after
the expiration of a year, on condition that he should never more
teach or hold up the Copernican as the true system of astro-
nomy. So unconquerably imbued, however, was he with the
truth which he had taught, that, rising from his compulsory
recantation, he whispered to a bystander, *“ I gira nondimeno,”
or, as others insist, “E pur si muove.” The exhibition was
humiliating on both sides.

One of Galileo’s discoveries deserves especial mention, since
it is mixed up with a notable story about Copernicus. It runs
thus: “If the earth move round the sun,” said the paper philo-
sophers, who objected to the new system, ‘ the moon must also
bear company in the annual revolutions of both; moreover, if the
planets Venus and Mercury also revolve round the sun, in orbits
comprised within that of the earth, they must sometimes appear
horned, and have the same phases as the moon, in their apsides
or approach towards the earth.” ¢ All these will be proved in
the course of time,” answered Copernicus, with great sagacity,
“Venus will be horned, at present our sight is not perfect
enough to see those changes.” This imputed prediction was
verified by the application of the telescope; and, in a Latin
metaphor, Galileo announced that the mater amorum and Cynthia
exhibited similar forms. The astronomers of all systems had
been sorely foiled, in assuming that Venus was four times as
large when near her perigee, as when near her apogee ; but it
is now seen, that though her visible diameter might countenance
the assertion, she does not appear four times as large when she
is four times as near, because the bright portion of her disc is
not then four times as large.

In 1603, Bayer ‘leaped into fame” by the publication of his
very useful Uranometria, in which the principal stars are first
designated by the letters of the Greek alphabet, the brightest
star in each constellation being a, the next in degree of bright-
ness B8, and so on*. Baron Napier contributed largely to the

* Delambre thinks Bayer gained immortality at a cheap rate, by affixing
the Greek and Roman letters, each to a star; but Professor De Morgan has
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practical progress of the science, by the publication of his Tables
of Logarithms in 1614: ‘“an admirable artifice,” says Laplace,
‘““ which, by reducing to a few days the labour of many months,
doubles the life of the astronomer, and spares him the errors
and disgust inseparable from long calculations.” Seventeen
years afterwards, Gassendi, a French philosopher, saw the planet
Mercury on the sun’s dise, which was the first observation of
the kind. A little after this, the youthful Jeremial Horrox,
of Liverpool, discovered that Venus would pass over the disc
of the sun on the 24th November, 1639. This event he men-
tioned but to one friend, Mr. Crabtree; and these two men
were the only persons in the world who observed this pheno-
menon, which was the first transit of Venus that had ever been
viewed by human eyes. Horrox wrote in defence of Copernicus
and Kepler, ascertained the diameter of Venus, and proposed an
improvement in the lunar theory of Bullialdus, which consisted
in making the earth always occupy the lower focus of the moon’s
orbit, and in giving to the centre of the ellipse a movement in
the circumference of a small circle described about its mean
place, by which the distance of the earth from the apsides of the
orbit was made variable, and the corresponding variations in the
lunar motions were more correctly exhibited. This theory was
esteemed so ingenious as to attract the attention of Sir Isaac
Newton, who spoke of Horrox as a mathematical genius of the
highest order. Assisted by Crabtree, he procured good instru-
ments, and diligently made many promising observations; but
the hopes of astronomers, from the abilities of this extraordinary
young man, were soon blasted, for he died in the beginning of the
year 1641, when only twenty-three yearsold. He had just finished
his Venus in Sole visa, a treatise which shows him to have been

shown, that he had been preceded by Piccolomini, who was born at Sienna,
1508, and died there 1578. Gaffarell, who wrote about 1650, assures us, that
the stars were very anciently ranged in the heavens, by the Hebrews, in the
form of letters. This seems to be founded on a legend in Razael, or Divine
Secrets, a book held to be of at least eighteen hundred years standing ; it is
there shown, that the Omnipotent dropped the mystic seal, Emét, on which all
knowledge is founded. This seal was inscribed with three letters; aleph, the
leader of the Jewish alphabet ; mim, the centre; and fau, the last letter of the
alphabet— MN. This Emés, truth, was held as the stamp of universal
harmony.
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more intimately acquainted with the extent of the solar system
than his learned editor, Hevelius.

About this time, English science suffered another irreparable
loss in William Gascoyne, the inventor of the micrometer, and
the first who applied the telescope to the quadrant: he was
killed, while fighting for Charles I., at Marston Moor, 2nd of
July, 1644.

The above allusion to Hevelius, must not be understood in
the light of a disparagement of that scientific burgomaster, to
whom we owe so much. He founded an observatory at Dantzic,
and furnished it with a great many excellent instruments, some
of which were divided so minutely as to 5, which was, at that
time, esteemed a triumph of art. He constructed telescopes
himself, and when he had completed his course of observations,
and prepared a great number of fine engravings upon copper
with his own hands, published, in 1647, his Selenographia, in
which the moon’s libration in longitude is announced, and
wherein we find the first accurate description of the lunar
surface. The observations of eclipses had formed the principal
study of the early astronomers; but it was Kepler who first
showed the practical advantages which may be derived from
them, by giving an example of the method of calculating a
difference of meridians from an eclipse of the sun. The obser-
vations of Hevelius on the spots of the sun, and on the nature
of comets, are very numerous; and his Catalogue of 1564 stars,
observed by himself, was esteemed for its accuracy, although,
from the greater precision given to instruments through the
application of the telescope, it cannot now be compared with the
more modern ones. And hereby hangs a tale. In 1668, he
published his Cometographia; and having sent copies of this
work to several members of the Royal Society of London, the
present gave rise to a controversy with the ingenious but irascible
Dr. Robert Hooke, as to the question whether distances and
altitudes could be most accurately ascertained by means of plain
or telescopic sights, Hevelius recommending the former, and
Hooke the latter. In 1673, Hevelius published the first part of
his Machina Calestis, as a specimen of the accuracy of his
instruments and observations. The next year Hooke, who was
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ever ready to break a lance, published some observations on the
Machina Cealestis, in which he treated the author with great
illiberality. Such was the interest taken in the controversy,
that Halley was deputed by the Royal Society to repair to
Dantzie, and investigate the subject of dispute. Halley arrived
at the house of Hevelius on the 26th of May, 1679, and remained
with him till the 17th of July following. On the evening of
his arrival, the two astronomers commenced observing, Halley
with the telescope and Hevelius with plain sights (rudis oculis),
to ascertain, from a comparison of the observations, which of
the two methods gave the most correct results; and such was
the dexterity which Hevelius bad acquired, aided by a most
excellent eye-sight, that the difference of their readings seldom
amounted to more than a few seconds, and in no case to so much
as a minute. Halley therefore decided against our countryman,
but succeeding astronomers have not confirmed the verdict; and
the dispute between Hevelius and Hooke was carried on with
improper animosity and rancour on both sides, till death parted
the combatants, by carrying off the Prussian on the 28th of
January, 1687, the very day on which he completed his seventy-
sixth year. Kight years before this event, he had published
the second part of the Mackina Celestis, which is peculiarly
valuable from its scarcity, owing to most of the copies having
been destroyed by a fire, which consumed the author’s house at
Dantzie, and ruined his observatory and astronomical apparatus.
This work is a record of his observations for a period of forty
years, comprehending about twenty thousand distances, of all
kinds. He made upwards of two thousand observations of the
moon; observed more than one entire revolution of Saturn;
observed Jupiter about two thousand five hundred times; Mars
during eleven revolutions; Venus about two thousand times;
and Mercury —dodger as he is—about 1100 times: whilst the
observations of the distances of the fixed stars alone, amount to
upwards of seven thousand.

Meantime René Des Cartes, a soldier and mathematician,
had promulgated a dreamy system of philosophy, which obtained
a great degree of credit, especially in France and England.
Following the steps of the Epicureans, he assumed that the

VOL. 1. E
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particles of matter were originally endowed with motions in
every direction, and that, by their collision, they acquired cir-
cular movements about an infinite number of centres; thus con-
stituting vortices or whirlpools of matter, in the centres of which
the sun and stars formed themselves: in a word, that the planets
were kept in their courses by means of a fluid matter, which
continually circulating carried those bodies along with it. But
this ungeometrical theory was demolished by the demonstration
of Newton, who showed, that the periodical times of all bodies
which swim in a vortex, must be directly as the squares of their
distances from the centre of the vortex: whereas the planets, in
revolving about the sun, observe quite another law; for the
squares of their periodical times are always as the cubes of their
distances. It was also objected that planets and comets, while
in the same region or part of the heavens, are seen to move
with different velocities, and in different directions; and if they
are both carried round by vortices, there must be one direction
and velocity to allow for the motion of planets, and another to
account for the motion of comets. But though the Cartesian
doctrine evaporated, the admirable qualities and acquirements
of its founder have been greatly applauded. As to dioptries,”
says Halley, ““though some of the ancients mention refraction as
a natural effect of transparent media, yet Des Cartes was the
first who, in this age, has discovered the laws of refraction, and
brought dioptrics into a science.” He is, however, thought to
have borrowed much of his algebra from Harriot, when he
visited England about 1631, and is positively averred to have
derived even the law of refraction from Willebrord Snell’s
manuseript papers. Indeed, the originality of his larger views
on nature’s horror of a vacuum (fuga vacui), may be ques-
tioned, since that air admits no void, has probably been a
general belief through longer periods than history can trace: thus
Shakspeare remarks, when Antony sat alone,

‘Whistling to the air; which, but for vacancy,
Had gone to gaze on Cleopatra too,
And made a gap in nature.
The improvement of the telescope continued to lay open new
sources of discovery. The celebrated Huyghens constructed two
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of these machines, one of twelve feet in length, and the other of
twenty-four, with which he completed the discovery of Saturn’s
ring, and found the fourth satellite of that planet. These dis-
coveries, which gained him a high rank among the astronomers
of his time, he communicated to the world in his Systema
Saturninum, 1659. Huyghens discovered the laws by which a
body descends and ascends along the arc of a cycloid, and mea-
sured the intensity of terrestrial attraction by the vibrations of
pendulums; constructed the first pendulum clock, made porta-

/tiw watches, and improved the micrometer. But he unfor-

7 tunately committed himself when he discovered that satellite of
Saturn now termed the fourth, in rashly asserting that there
remained no more planetary satellites to find, because their
number was, then, exactly equal to the number of primary
planets.

In 1663, James Gregory, one of the most eminent mathe-
maticians of the seventeenth century, announced his invention
of the reflecting telescope; and the announcement immediately
attracted the notice of astronomers, both at home and abroad.
In July, 1665, Eustace Divini saw some spots on Jupiter’s disc,
with a telescope of his own making, and published a description
of them at Rome. On the 13th of October in the same year,
Mr. William Ball, and his brother Dr. Ball, of Minehead in
Devonshire, first saw Saturn’s ring double, Auzout and Picard
now applied the telescope to the mural quadrant, without know-
ing that Gascoyne had preceded them; and that he had antici-
pated the application of the micrometer to the telescope by the

/ former. Dominic Cassini, director of the observatory at Paris,
was unwearied in watching the heavens with instruments of a
more perfect construction than had ever been known before.
With these means he discovered the first, second, third, and fifth
satellites of Saturn; and observed that the disc of Jupiter is not
circular, being in a sensible degree compressed at the poles, as
was soon afterwards proved by the measures of Pound and Short,
in England. He also found that the planets Jupiter, Mars, and
Venus, turned round their axes in a manner similar to the earth,
and determined their time of rotation; he also detected the
inclination of the lunar equator, and the coincidence of its nodes

E 2
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with those of its orbit. These discoveries contributed materially
to establish the opinion, that all the solar system is subject to
one law of action. In 1689, the greatly-gifted Danish astro-
nomer, Olaus Romer, who had already immortalized his name
by his fine discovery of the velocity of light by means of Jupi-
ter’s satellites, first used the transit instrument; that is, he fixed
a telescope in the meridian for the purpose of observing the pas-
sages of the heavenly bodies. Besides the essential element which
Romer gave, by proving the successive propagation of light, he
greatly promoted the diffusion of practical astronomy, by shew-
ing that instruments did not require to be fixed on high towers.

Maraldi, the gifted nephew of Cassini, observed an eclipse of
the fourth satellite of Jupiter, in the upper part of his circle; from
which he was led to the conclusion, that its inclination is three
minutes less than was established by Cassini. This induced fur-
ther inquiry. By recurring to an observation made B.C. 300, he
determined the position of the ascending node of Jupiter’s orbit,
and comparing it with the position of the same node observed 1934
years afterwards, he found that, in the interval, it had advanced
12} degrees with respect to the equinoctial points; but these
having, in the same time, retrograded 27 degrees, it was evident
that the node must have retrograded, with respect to the fixed
stars, as much as 14} degrees. Maraldi, and his cousin James
Cassini, suspected also, that the aphelia of the orbits of Jupiter
and Saturn had each a progressive motion in space, because, in
the course of ages, they appeared to have advanced more than
the equinoctial points had retrograded; but want of precision
in the observations precluded a positive conclusion. The re-
markable fact, however, that the mean motion of Jupiter was
then more rapid, and that of Saturn less so than it had for-
merly been, was detected. This anomalous phenomenon, which
is now so well known to be caused by the mutual perturbations
of those planets on each other, was a startling difficulty; but
Cassini investigated the conditions, and boldly conjectured that
the time would arrive, when those effects would be of a contrary
nature. His happy prediction has been beautifully verified.

The sciences of that epoch were greatly furthered by the writ-
ings of Riccioli, although to comply with the prejudices of the
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Church, he expressed himself ambiguously; Ismael Bouillaud,
who suggested the laws of planetary attractions; Du Hamel;
La Hire, the channel surveyor; and Cotes, the valued friend of
Newton, cut off too soon; all promoted the same end. The
almost universal genius, Leibnitz, had a large school of ad-
mirers, and in most points fully deserved it. But it was fated
that he should knock his head against a wall; for he cer-
tainly came off’ second best in his lengthy disputes on mathe-
matics and free will, with Newton and Dr. Samuel Clarke. He
was the contriver of the calculus differentialis, after having re-
ceived hints of Newton’s method of fluzions, on his first visit
to England. His philosophy is a system formed, partly in
emendation of the Cartesian, and partly in opposition to the
Newtonian doctrines. He admits of the circulation of ether
with Des Cartes, and of gravity with Newton; but he never
explained how these principles could be reconciled and adjusted
together, so as to account for the planetary revolutions in their
respective orbits. The choleric Dr. Hooke was a man of un-
doubted talents; and though in 1674 he assigned no law or con-
necting facts to his revival of the ancient idea of attraction, it
was well received as the suggestion of a powerful mind: it is
wrong, however, to conclude, that in suggesting that the motion
of the planets resulted from a projectile force, combined with the
attractive powers of the sun, he was anticipating Newton, since
Newton’s office was to prove. When the Principia appeared,
Hooke, with his habitual warmth and jealousy, claimed priority
concerning the force and action of gravity; but his pretensions
were most satisfactorily refuted. Newton, who was candour
itself, admitted his claim, but showed at the same time that
Hooke’s notion of gravitation was different from his own, and
that it did not coincide with the phenomena. Newton’s merit
consisted, not in ascribing the planetary motions to gravitation,
but in determining thelaw which gravitation follows, and clearly
showing the dependence of the forms of the orbits on that law of
attraction. Taken ‘ bye-and-large,” however, Hooke was an ex-
traordinary man: he made helioscopes, pendulum-watches, and
other instruments; he was the inventor of the zenith-sector,
wherewith to determine whether or not the earth’s orbit afforded
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any sensible parallax; and he gave one of the first hints of
making a quadrant for the purpose of measuring angles by
reflexion. Cotemporary with Hooke was the illustrious Flam-
steed, the first Astronomer Royal, who explained the equation of
time, gave the law of the moon’s annual equation, and crowned
his numerous labours with the Historia Cclestis Britannica,
and his unrivalled catalogue of stars. As it is undeniable that
he was a man of very extensive practical science and indefati-
gable zeal, it is most lamentable that he was both unjustly and
harshly treated by Halley and Newton.

That important element, the refraction of the heavenly
bodies in altitude, had long been known, and is described with
tolerable precision in the optics of Ptolemy: the honour of
introducing corrections on account of variation of density in the
atmosphere, as indicated by the barometer and thermometer, is
undoubtedly due to Mr. Lowthorpe, who, in 1698, proved, in
presence of the Royal Society, that the refractive power of air
is directly proportional to its density.

Flamsteed died in 1719, and was succeeded by Dr. Halley,
the greatest astronomer, says M. de la Lande, in England; and
Dr. Long adds, “1I believe he might have said in the whole
world.” He had already passed a most active scientific life.
In his twentieth year he was selected to observe and tabulate
the stars of the southern hemisphere, which he executed during
a residence of two years on the island of St. Helena, in a manner
which procured him the name of the Southern Tycho. His
means consisted of a pendulun clock, a brass sextant of 51 feet
radius, a telescope of 24 feet, and some minor instruments;
and the number of stars he observed was 341. We have seen
that he was sent on a visit to Hevelius in 1679; and in 1680,
on his way between Calais and Paris, he had, the first of any one,
a sight of the remarkable comet of that year, as it appeared for
the second time in its return from the sun. This suggested to
him thie idea of writing a treatise on the subject of comets, in
which he investigates the orbits of those wandering bodies, and
predicted the return of that of 1758, which was the first prediec-
tion of its order that was ever verified. To carry on his inqui-
ries into magnetical variations, King William commissioned



THE PROGRESS OF ASTRONOMY. 55

him to the command of the Paramour, a pink of ten guns, in
1698. Having crossed the line, his men grew sickly, and the
first lieutenant with some others openly mutinied; he there-
upon returned home, got his lieutenant tried and cashiered, and
set sail again, with a fresh batch of officers, in September, 1699.
Captain Halley now traversed the vast Atlantic Ocean in both
hemispheres, and completed the necessary observations for his
magnetic chart. He was next employed on a survey of the
British Channel; and in 1703, he was engaged by the Emperor
of Germany to survey the coast of Dalmatia. Among other
obligations, we are certainly indebted to him for prevailing on
Newton to publish the Principia. After a course of successful
researches into every branch of knowledge, he died in January,
1742, aged eighty-six years, and was buried at the church of
Lee in Kent. The inscription states that, with his dearest wife,
there reposes by far the chief astronomer of his age,—astronomo-
rum su¢ seweuli facilé princeps; and adds, * That you may know,
reader, what kind of, and how great a man he was, read the
multifarious writings with which he has illustrated, adorned,
and amplified nearly all the arts and sciences.” This tomb was
recently opened to receive the corpse of Mr. Pond, the late
astronomer royal. Halley, who retained his half-pay as a cap-
tain in the navy to the last, was succeeded by Dr. Bradley, to
whom we are indebted for two of the most beautiful discoveries
of which the science can boast—the aberration of light, and the
nutation of the earth’s axis. Aberration was a valuable acces-
sion as well to physics as to practical astronomy; and it was the
last link wanting in the chain of evidence relating to the Coper-
nican system, by changing an apparent anomaly into a normal
fact, as will presently be shown.

This remarkable epoch, which gave to science and philo-
sophy a new existence and a new form, was crowned by the
incomparable achievements of Sir Isaac Newton, truly the Prin-
ceps Philosophorum. By the diligent exercise of the sagacious
penetration, inventive genius, and profundity of thought, which
this magnate of the intellectual world brought to bear upon the
elements gradually accumulated during a long series of ages, the
laws by which the material universe is held in equilibrium were
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revealed; and an advance to perfection in mechanics, mathe-
matics, and physies, was the consequence. The solidity of his
knowledge was animated by a vivid imagination, so that his
inquiries were as bold as various. His sublimest discovery was
that all the long-prevalent and vague notions of attraction, re-
solved themselves into the all-pervading influence of gravitation ;
an influence by the application of which he was enabled to ae-
count satisfactorily for all the visible occurrences in the universe:
and to the illustrious Laplace belongs the high honour of having
completed the development of this theory, by shewing that there
remains not a single phenomenon, in what has since been deno-
minated physical astronomy, which that prineiple is not capable
of explaining. Still this grand discovery was nearly lost to the
world, from the great philosopher’s doubting its conformity to
fact, and therefore feeling inclined to lay it aside. The incident
is interesting in the history of the human mind. At first,
Newton had considered the bodies attracting and attracted as
mere points; but he next showed, that the particles of matter
composing the great bodies of the solar system are held together
by an attractive power similar to that which is in action be-
tween the bodies themselves. Hence he inferred that bodies
are attracted with forces which are directly as their mutual
masses; decreasing from the centre of any gravitating body, in
the ratio of the squares of the distance from that centre: and
to demonstrate this, it was necessary to determine the identity
of the force of terrestrial gravity, with that which retains the
moon in her orbit. But when Newton first attempted to verify
this hypothesis, the proportion between the radius of the earth
and that of the lunar orbit was not exactly known; and a
slight discordance between the result of the calculation and that
proportion, induced him for a time to abandon his great dis-
covery. Ten years afterwards, happening, at one of the evening
meetings of the Royal Society, accidentally to hear of Picard’s
measurement of a degree of the meridian in France, he was
tempted to go over his calculations again, and the result verified
his law. Tt is recorded that, towards the end of the investiga-
tion, his agitation was so great, that he was under the necessity
of requesting a friend to assist him in finishing it. This deter-
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mined the question definitely. From the power by which planets
act upon their satellites, and cause the movements observed in the
latter, he was enabled to determine the quantities of matter, and
the densities, of those planets which are attended by satellites.
In applying the principle to our globe, he taught, that the centri-
fugal force arising from the diurnal rotation, causes the particles
in the equatorial regions to recede from the centre, thus producing
an inflation there, and a proportional flatness or oblateness at the
poles, in a ratio as 229 to 230. At the surface, the centrifugal
force diminishes that of gravity, by the product of the centrifugal
force at the equator multiplied by the square of the co-sine of the
latitude. Now, since it is necessary for the maintenance of the
equilibrinum, that the column, by its length, should compensate
the diminution of its weight, it ought to surpass the polar
column by one-twentieth of its length, multiplied by the square
of the above co-sine. That such is the fact has been beautifully
proved d posteriori, from the oscillations of pendulums being
slower and smaller—owing to diminished weight—in the equa-
torial than in the polar parts of the globe; whence it is evident,
that the equatorial regions are more removed from the influence
of the central attractions than the polar ones. These results
immediately afforded to the penetrating mind of Newton, a
solution of the phenomenon of the precession; he had made a
slight mistake, it is true, from the want of correct data, but,
as his candid commentator, the learned Daniel Bernouilli, ac-
knowledged, * he saw through a veil, what others could hardly
discover with a microscope in the light of a meridian sun.”

Newton, however, was not permitted to walk the course in
peace. Objections were raised against his universal principle,
as an occult and preternatural scheme, and a mere begging of
the question; while not a few, unable to discriminate between
assigning causes, and proving their effects, declaimed against its
originality. The latter class brought forward the hint contained
in Kepler’s introduction to his remarkable work on Mars, as well
as Bacon’s suspicion of the existence of such a cause, the singular
observations on gravity in old Eden’s Arte of Navigation, and the
casual allusions scattered in older writers; yet so very obscure
were the notions of even the most eulightened philosophers on

- >
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this subject of gravitation, that it had never been successfully
applied to the explanation of a single astronomical phenomenon.
It was, in fact, a faint gleam of knowledge of a power in nature,
but no perception of the means by which that power produces
the phenomena of the earth and the heavenly bodies: thus the
account which Lucretius gives, (lib. 1. z. 225—242,) is suffi-
ciently Newtonian as to an effect of gravity on descending bodies,
but silent as to its cause. ““Attentively peruse the Face of the
Moon of Plutarch,” says Voltaire, “and you will find, if you look
for it, the doctrine of gravitation; but the true author of a system
is he who demonstrates it.” Others have seen a direct allusion
to the theory of gravitation in Ovid’s opening hexameters:

Circumfuso pendebat in aere Tellus
Ponderibus librata suis.

The progress of that knowledge, which, by observation and
experiment, expels indistinctness and conjecture, is necessarily
slow and gradual; whence, even in the hands of Kepler, Galileo,
Hooke, and Bullialdus, the principle of attraction remained fruit-
less, and the materials were waiting till the mist then obscuring
it should be dispelled by a transcendant intellect. The geometry
of the Greeks undoubtedly contributed to the discovery of the
planetary laws of Kepler; and these, with the sound dynamie
principles of (ialileo, gave birth to Newton’s sublime doctrine of
universal gravitation, which affords universal demonstration, and
satisfies the conditions both of mechanics and geometry*. By
his supreme invention of the fluxionary calculus, he led the way
to sublime soaring, and enabled a galaxy of profound mathema-
ticians to pursue his physical researches, and develope the most
abstract and abstruse effects of the simple cause which he had
advanced. Among other labours we may proudly quote the

* While this sheet is in the press, I have received a letter from the Rev.
C. Turnor, which may please the reader: “Knowing the interest which
you take in everything connected with N ewton, I am sure you will take the
trouble of presenting, in my name, to the Royal Society, the Solar Dial, cut in
stone, with his own hand, when a boy, which has been recently taken out of
the wall of the manor-house at Woolsthorpe, in which he was born. You are
aware that the house has been the property of our family for more than a cen-
tury, and is now in the possession of my nephew, who kindly consented to its
removal, when T mentioned that it would be presented to the Royal Socxety,
over which Newton pretided for so many years.” See p. 17.
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investigation of the planetary perturbations, or the refined doctrine
of their reciprocal influences, by which every inequality of motion
is ultimately redressed, and the permanence and stability of the
solar system incontestibly established on an immoveable basis.
This result stamps the pre-eminence of modern science, and,
indeed, forms its experimentum crucis. Newton himself had not
only discovered the cause and principle which maintains the frame
of the universe, but, by the balance of an exalted geometry, ascer-
tained its law and intensity. His principle being then assumed
by other philosophers, the calculated phenomena of nature were
found to agree with observation, by which a conquest far above
the circle of mere geometrical truths was obtained, and the just-
ness of the hypothesis from which they were derived established
beyond dispute. Still the retardation of planetary motions sorely
perplexed the astronomical world; and the knowledge requisite
for their development was of tardy growth. DBut the veil is at
length withdrawn, and the Newtonian theory of the mysterious
influence of gravitation and attractis /,;ccessfully carried to
an extent beyond the warmest anticipation of its discoverer.
* says Laplace, the most gifted follower of
Newton, in treating of the reciprocal attraction of the planets,
“ seemed formerly inexplicable by the law of gravitation; but
they are now one of its most striking proofs. Such has been the
fate of this brilliant discovery, that every difficulty which has
arisen, became for it the subject of a new triumph; which is the
most certain characteristic of the true system of nature. ¢ Tel
a été le sort de cette brillante découverte, que chaque difficulté
qui s’est €levée, est devenue pour elle, un nouveau sujet de
triomphe; ce qui est le plus siir caractére du vrai systeme de la
nature.” This is the justification a posteriori of the English
portion of Pope’s hybrid epitaph:
Nature, and nature’s laws, lay hid in night:
God said, LEr NewTo~ BE! and all was light.

In whatever degree of national exultation we may indulge, at
having produced one whose genius soared supremely over that of
the greatest philosophers of his own, and of ancient times, the
world at large has warmly united with us in venerating him;
and in France especially, the noblest estimate of his transcen-
dental merit has been made, albeit it led to the demolishment of

¢ These inequalities,’
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their own Cartesians. Bailly, whose glowing portrait of the
Princeps Philosophorum is stamped with skill and dignity, re-
marked, that “as the empire of Alexander was divided among
his successors; so the sceptre of Newton passed into the hands
of Clairaut, Euler, and D’Alembert.” The labours of these
great mathematicians, together with those of Lagrange and
Laplace, have consolidated the empire of their illustrious founder,
and reared an imperishable trophy to his fame. In thus aban-
doning the airy and hypothetical notions of Des Cartes, and per-
petuating the immutable truths of one whom Halley considered
a near approach to the divine intelligence, the names of the con-
tinental geometers must for ever be associated with that of their
illustrious prototype. in the history of physical astronomy. Yet
the services thus rendered to science by the disciples, eminent
as they are, cannot be placed in competition with those which
emanated from the vast genius of their master; whose mind,
superior to common barriers, and equally distinguished for ex-
tent and accuracy of intellect, not only discovered the existence
of a solid principle, but even created the calculus, by which
alone it could be demonstrated, and all its difficulties van-
quished. ““Yet,” says Voltaire, *“if Newton had been in Por-
tugal, and any Dominican had discovered a heresy in his inverse
ratio of the squares of the distances, he would without hesitation
have been clothed in a san benito, and burnt as a sacrifice
acceptable to God at an auto-da-fé.”

The Newtonian philosophy, that pure and transcendental
knowledge which reveals the unfathomable sublimity of the hea-
vens by which we are surrounded, is grounded on physics and
mathematics; the first treat of those laws of matter and motion
which regulate and govern the various phenomena of the crea-
tion, and the last by expressing the effects of those laws in terms
which can be employed in calculation, raise new fabrics on a
known basis; while the union of the two condenses the whole
mass of facts and deductions ‘into one common and useful series;
opening to the contemplative philosopher, an intensely interest-
ing glance into the means employed by Omnipotence for per-
petuating this admirable structure. The leading quantities re-
quisite for the mathematical analysis of the heavens, are simple
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in their conditions; for all the supposed deviations from a fixed
order of recurrence, are but modifications of the governing prin-
ciple which extends through the velocities, directions, and other
motions of the celestial bodies, and those deviations are duly cor-
rected in definite secular periods. These modifications, however,
are numerous and vast; and without hard study, and a know-
ledge of algebra beyond simple equations, the complete doctrine
of the reciprocal influences must for ever remain a sealed truth.
Though the same plan and government are readily evident to
the tyro, still the abstract view of the principles of celestial
mechanism is not to be gained by any royal road: human know-
ledge is generally slow in its progress, and especially that which
is founded on the various applications of mathematical calcula-
tion. The very language of the calculus, by which alone these
great truths can be positively demonstrated, is not to be ac-
quired without a more intense assiduity than many are able to
devote to the attainment of science. Now, as this condition
must especially be the case with the readers whom I am address-
it is a great consolation to add, that the Astronomer Royal

ing,
—albeit one of the most accurate and comprehensive geometers
of the age—has published a work on gravitation, wherein an
elementary explanation of the principal perturbations in the
solar system is given, without the introduction of any algebraic
symbols. This valuable book, together with the admirable
Treatise on Astronomy by Sir John Herschel, would be amply
sufficient to convey a fair insight into the curious, complicated,
and beautiful structure of the universe, to all who can take a
geometrical view of the subject.

A few words must be said here, in the hope of checking the
scientific heresy which has of late obtained, in quarters where re-
sults ought to have been ascertained before theories were hatched.
It being much easier to please the imagination than to satisfy
reason, numbers have left the path of genuine science, and
plunged into unsubstantial labyrinths, in quest of the meteor
which destroyed Cardan, and Albertus Magnus—the ape of
Aristotle. Although the increasing accuracy of the planetary
tables palpably evinces the truth of the fundamental assertion,
the Newtonian philosophy is still arraigned by some of the fanci-
ful; and as so many, even in this age of intellect, still cling
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to the empiricisms by which conclusions can be leaped at, there
are not a few who study the demonstrations of St. Pierre, Sir
Richard Philips*, Captains Forman and Woodley, Lieutenant
Brothers, and other anti-Newtonians, whose works are circulated
with exemplary industry among the less-instructed classes.
These geocentric sectarians maintain, and pretty violently too,
the immobility of our.globe as the veritable centrum mundi,
under the trite axiom, that as no angle can be perceived respect-
ing the fixed stars on a base of a hundred and ninety millions
of miles, therefore the earth must be stationary. To this, the
prodigious distance of those bodies, as compared even with the
major axis of the earth’s annual orbit, is a sufficient answer;
but it may be added, that the powerful aid of trigonometry,
which has enabled us to determine the diameter and orbits of
the planets of our own system, is insufficient for the remoteness
of the stellar host, and recourse has been had to investigating
their parallax by improved instruments and able observation.
In watching the diurnal progress of all the celestial bodies, it is
obvious that there must be a general cause for the motion; and
for argument’s sake we will admit, that this cause may exist
either in the immobility of the earth and the daily revolution
of the heavens around it,—or in the heavens being at rest and
the earth revolving round its own axis every twenty-four hours,
In either case, the rising and setting of the sun and stars will be
presented to a certain degree, in the same order; yet the revolu-
tion of our globe on its own axis, is much more consonant with
the comparison of appearances within our reach, and with the
established laws of motion, than the revolving of the whole

* This pseudo-mathematical knight once called upon me, at Bedford, with-
out any previous acquaintance, to discuss those errors of Newton which he
“almost blushed to name,” and which were inserted in the Principia “to
puzzle the vulgar.” He sneered with sovereign contempt at the “Trinity of
gravitating force, projectile force, and void space;” and proved that aZl change
of place is occasioned by motion! e then exemplified the condition by placing
some pieces of paper on a table, and slapping his hand down close to them,
thus making them fly off, which he termed applying the momentum. All
motion, he said, is in the direction of the forces; and atoms seek the centre
by  terrestrial centripetation,” a property which causes universal pressure,—
but in what these attributes of pushing and pulling differ from gravitation and
attraction, was not expounded. Many of his ““truths’’ were as mystified as
the conundrums of Rabelais; so nothing was made of the motion.
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heavens. One of the strongest proofs of rotation is the oblate-
spheroidal figure of the earth, its polar diameter being con-
siderably less than its equatorial ome, a fact in which the
deductions of profound theory have been proved by actual
measurement. In round numbers we may estimate the ter-
restrial circumference at twenty-five thousand miles; the space
which every point of its equator must pass through, if the earth
revolves on its axis, is about seventeen miles per minute; a
velocity nearly equal to that of a cannon-ball, on its first leaving
the mouth of the gun. But the apparent velocity becomes
absolutely insignificant compared with what the stellar bodies
would have to fly at, on the other supposition; the sun would
have to proceed twenty thousand times quicker than a cannon-
ball, and the daily motion of Uranus must be twenty times
greater than the sun’s, because it is about twenty times further
distant from the earth than that luminary. These velocities are
astounding, but they are snail-tracks in proportion to the rapidity
with which the fixed stars must move to accomplish the same
task: for if their distance be roundly assumed at two hundred
thousand times that of the sun from us, they must move over
the space of 1,400,000,000 miles per second, in order to com-
plete a revolution round the earth in twenty-four hours. This
is a pauler to the geocentrics: but let us, in addition, consider
the bulk of these different bodies, and a new question arises as
to the extraordinary powers that would be necessary to retain
them in their orbits, and counterbalance the amazing centri-
fugal force which they must possess. Whilst, on the contrary,
the observed rotatory motions of other planets, and various
analogies, support the conclusion, that the earth revolves daily
upon its axis; while its annual motion is incontestibly esta-
blished by the exactness of the sidereal year, by the periodical
synodic aspects of the planetary spheres, and, above all, by the
aberration of light*.

* The aberration of light being the most direct proof of the earth’s annual
motion, the reader may be reminded, that during the time which light takes
to pass over the semi-diameter of the earth’s orbit, which is 8 13", the earth
ought to move 20’5 in its orbit; and this is found by observation to be actually
the case.
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Many still stigmatize the heliocentric system as rank
impiety, and mercilessly drag in, to sustain hypotheses equally
repugnant to mathematical and religious knowledge, scraps and
texts twisted from Scripture. The Holy Writ, the guide of
religion and morality, was not given to instruct men in astro-
nomy: yet there is a large class who wish, like Mohammedans
with their Kor4n, to regulate the progress of intellect, by their
own literal conceptions of abstruse passages in the sacred text.
The fixity of the earth is their Pons Asinorum. * How,” they
triumphantly demand, “how could ships sail on the ocean, if
the globe had axical motion at the rate of nine hundred geogra-
phical miles an hour?” But guick and slow motions are com-
parative terms; and the circuit which occupies months or years
may be called slow. The earth in its diurnal motion requires
twenty-four hours to complete one revolution round its axis;
it therefore has not the absolute velocity which our reckoning
by miles would make us fancy. But these sages are not aware,
in objecting to axical motion ‘“like a rolling barrel,” of the
incomparably greater centrifugal velocity which they necessarily
assign to the millions of splendid orbs which bespangle the
heavens. The objection to the world’s moving around its “noise-
less axis,” has been a favourite position with the persecutors of
astronomy, and deficiency of argument has generally been made
up by acrimony of invective. In the sentence pronounced by
the seven recondite cardinals on Galileo, it was dogmatically
observed: “The proposition that the sun is the centre of the
world, and immoveable, is absurd, false in philosophy, and
specifically heretical; for it is expressly contrary to the Holy
Scriptures.” Many of the members of the IRoman church
knew better than this, and saw the imprudence of endeavouring
to extinguish the toreh of science by mistaken expositions of
religious authorities, a practice which Kepler thus condemned:
“By striking the edge of your axe upon iron, it becomes of
no avail even against wood.” And in the middle of the eigh-
teenth century, the two learned commentators upon Newton,
in publishing their work at Rome, were obliged to make this
degrading admission: ¢ Newton, in his third book, adopts the
hypothesis of the motion of the earth: we could not explain
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his propositions without making the same bypothesis. Hence
we are compelled to take a character different from our own;
for we profess obedience to the decrees promulgated by the popes
against the motion of the earth.” ¢ Ceterum latis a summis
pontificibus contra telluris motum Decretis nos obsequi pro-
fitemur.” Yet the Newtonian doctrines, softened by the term
kypothesis instead of theory, had been taught in the Roman
Catholic universities of Europe; until at length, in 1818, the
voice of truth was so prevailing, that Pius VII. repealed the
edicts against the Copernican system, and thus, in the emphatic
words of Cardinal Toriozzi, *“wiped off this scandal from the
church.” But while this pope, with whom I had the honour
of being personally acquainted, was wiping off the scandal, vari-
ous publications still adliered to the earth’s immobility, as the
actual dictum of the book of Genesis.

Among the antagonists of Newton, few have more teme-
rariously assailed him than Captain Forman, who asserts that
the paragon of philosophers is “continually committing the
grossest blunders, in consequence of neglecting the rules of
geometry;” and that, for his monstrous proposition on the
gravity of a body resting on the earth’s surface, he ¢richly
deserves to be decorated with the cap and bells.” This, as well
as the other effusions of the Geocentrics, might have been passed
over, but that they are lauded, ad astra, by many who deserve a
better mental pabulum, and have led numbers of good seamen
rashly to despise the tidal doctrines. It is surprising that a
navigator, of all others, should not have satisfied himself that
the tides follow periodically the course of the sun and moon,
especially as old pilots, albeit unacquainted with theories, pre-
dict the times of high water, with considerable truth, by the
mere compass-bearing of our satellite. The Newtonian theory
of tides was put to practical test in the late war, which ought
to have worked conviction in the minds of naval officers. The
blockade of the Texel was successfully managed on a system at
once economical in anxiety and labour. The ports of Holland
admit of the ingress and egress of large ships only during
spring-tides; two days before which, our squadron regularly
took its station off the Texel, and remained there only as many

VOL. I. F
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days after the full and change of the moon, so that the Dutch lost
all the advantages of high tides, and their heavy ships were
effectually detained within their harbours. This amusingly
countenanced the well-known assertion of M. Le Prieur, that
tides were attached to the ocean to facilitate the entry of ships
into their respective ports, a conclusion which Voltaire held to
be equivalent to contending that legs were made to wear boots.
Those who reason upon subjects which they do not understand,
must advance arguments not worth refuting in form; but their
reckless assurance may be noticed. The symptoms of the anti-
Newtonian disease are, a feverish anxiety to square the circle,
trisect an angle, duplicate the cube, detect perpetual motion,
and the like paralogisms: the capacity of the patients for finding
the longitude is not disputed.

Tt had long been suspected that the ebb and flow were
produced by solar and lunar influences, as may be gleaned from
Manilius, Plutarch (De Iside et Osiride), Macrobius, Pliny,
Ptolemy, and other ancient writers; but Kepler was the first
who formed fair conjectures respecting the true mode in which
they act, stating distinctly, that the attractive virtue of the
moon is evident from its enticing up the waters of the earth.
What Kepler, however, only touched extremis digitis, was
developed and demonstrated by Sir Isaac Newton. His sublime
mind, urged by an ardour at once inextinguishable and compre-
hensive, not only supplied the principles for extending human
knowledge, but also advanced far towards the solution of its
most abstruse problems: still some were necessarily left more
or less obscure, till completely determined by the multiplied
experiments and accurate observations of many subsequent
years. Thus has Newton’s theory of the tides awaited the
labours of Bernouilli, Maclaurin, Euler, Laplace, Poisson, Airy,
Lubbock, Whewell, Chazallon, Monnier, and various other
/ able and laborious inquirers, to be pronounced incontrovertible:
yet has it been noisily assailed by jejune dabblers, who never
suspect, that were the globe entirely covered with water of an
uniform depth; its flux and reflux might be still more accurately
computed and predicted. But when it is considered how greatly
the attracting forces are modified by the rotation of the earth, and
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the irregularities of straits, continents, and islands, with other
embarrassments, it is idle to expect that any general theory can
assign with minute accuracy all their precise effects, and residual
phenomeiia-— Still a clear practical deduction is easily available,
in illustration of this hydrodynamic law, the most striking
result of attraction which is presented to the evidence of the
senses, although it admits of various exceptions, from local and
other circumstances*. The forces of the moon’s and sun’s
attraction are to each other as 51 to 10; the sum and differences
of these numbers are 61 and 41; therefore the spring tides
caused by the moon and sun will be to the neap tides in the
same proportion, or as 6 to 4; that is, the first are better than
one-third greater than the last; consequently, if the sun can
raise the tide 1 foot 11 inches, the moon will raise it 9 feet
11 inches, and both together, during the spring tides, about 111
feet, but in neaps only about 7} feet. Here another proof is
afforded of the figure of the earth; not only does the centrifugal
zone considerably raise the waters in the region of the equator,
by the motion of the diurnal rotation, but they are moreover
elevated about 25 feet, twice a day, by the tides: the lands
about the line should then be perfectly inundated. But they
are not so; therefore the region of the equator must be much
more elevated, in proportion, than the rest of the earth: whence
the earth is a spheroid, or flattened at the poles. It has also
been demonstrated, that the tides increase as the cubes of the
distance decrease, so that the moon, at half her present distance,
would produce a tide eight times greater:
Attractive Power ! whose mighty sway
The ocean’s swelling waves obey,

And mounting upward, seem to raise
A liquid altar to thy praise.

The interval between the death of Newton and the epoch
of this Cycie presents so brilliant a display of the fruits of

* From local examination, I hardly think Sir Isaac was fortunate in his
selection of the mouth of the Avon, for forming his estimate of the respective
powers of the sun and moon in influencing the tides. In many cases, the rise
of the water owes its elevation to rains, and to freshes from the interior; in
addition to which, the water is known to pool there, which would seriously
affect the exactness of a spring and neap comparison.
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intellect, in observation, analysis, methodical deduction, and
extended views, that numerous gaps left by theory are now nearly
filled up, and celestial mechanics are rescued from the uncertain-
ties of hypothesis. Among these fruits may be instanced the
transcendental labours, which have demonstrated and established
the stability of the system; the expeditions to observe the transit
of Venus over the sun’s disc; the operations for determining
the figure of the earth; and the late stupendous discoveries in
the heavens. These, however, are so universally and familiarly
known, that having thus brought the reader from the earliest
epoch of the science down to the death of Newton, since whose
time “all is light,” it may now be sufficient merely to submit a
muster-roll of the leading astronomers, mathematicians, navi-
gators, opticians, engineers, and mechanicians, whose united
labours have achieved such magnificent results. In this list,
the names are placed in chronological order, from the year of
each person’s death, and to each is appended a slight note upon
their leading scientific pursuit: it must, however, necessarily be
defective in numbers, since no branch of human knowledge has
had a greater host of cultivators and admirers than astronomy.
1729. Maraldi, J. P. French arc of the meridian. Parallaz of Mars.
Jupiter and his satellites,
—— Bianchini. Rotation of Venus. Reform of the Calendar. Eclipses.
1731. Taylor. Centre of oscillations. Perspective. Infinite series.
1732. Louville. Solar Tables. Obliquity of the ecliptic. Inquiries in
physical astronomy.
1735. Carbone. Eclipses and occultations.
—— Derham. Eclipses. Solar spots. Nebulous stars.
1739. Manfredi. Lunar transits. Ephemerides motuum ceelestium.
1740. Kirch. On comets, occultations, and new stars.
1741. Sharp. On geometry. An improver of astr ical instr ts
1742, Halley. Zealous pursuit of astronomy, both in theory and practice.
1744. Hadley. Improver of telescopes. Inventor of the reflecting quadrant,
1746. Maclaurin. Algebra. Fluzions. On Newton’s discoveries.
1749. Chastelet (Mad. la Marquise du). 7Z'ranslator of the Principia into
French, and commentator upon Newten.
1751. Graham. Invented the mercurial pendulum, and zenith sector.
1752. Whiston. Theory of the earth. Longitude at sea. Newtonian
philosophy.
1754. De Moivre. Mathematics. Transits of Venus and Mercury., Infi-
nitesimal equations.

1755. Weidler. Transit of Mercury in 1736. Eaplicatio Jovilabii Cas-
siniani Historie A4stronomie.




1755.
1756.

1757.

1758.

1759.
1760.

1761.

1764.

1765.

1767.
1768.

1769.

~ 1770.

1771.

1774.

1775.
1776.
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Marinoni. Geodesy. Founder of a Specula domestica.

Cassini II. (James). [Figure of the earth. Planetary elements.
Inclination of orbit of Saturn’s fifth satellite. Elements of the
planets. Saturn’s ring.

Fontenelle. Elements of geometry.

Bougier. Figure of the earth. Arcin Peru.
glass micrometer.

Maupertuis. Measure of a degree in Lapland. On variable stars.

Hodgson. The eclipses of Jupiter's satellites.

Godin. Degiee in Peru. On scientific inventions and machines.

Poleni. Solar and lunar eclipses. De vortibus Ceelestibus.

Simpson, T. Trigonometry. Fluzions. On Chances. Speculative
and mized mathematics.

Dollond. Discoveries in optics. Achromatic tel
double-object glass micrometer.

Bradley.  Practical astronomy.
aberration and nutation.

Gersten, Transit of Mercury, 1743. Eclipses and occultations.

La Caille. Solar Tables. Uranography of the southern hemisphere.
Arc of the meridian in Caffraria.

Mayer. Theory of librations. Egquations of condition. Repeating
circle. Catalogue of 998 zodiacal stars. Solar and lunar Tables.

Manfredi, G. Transit of Mercury in 1736, Solar macule. Solar
and lunar eclipses.

Bliss. T'ransit of Venus, 1761.

Horrebow. Mathematics. Refractions.
nicus triumphans.

Sisson. Improvements in dividing and fitting mural quadrants.

Chevalier. Eclipses, and general observations.

Clairaut.  Lunar Tables. Researches in the planetary theory.
Cometary perturbations.

Dunthorne. On comets. Satellites of Jupiter. Lunar Tables.

De Visle. Transit of Mercury, 1723. Parallaxes.

Short. Improvements in telescopes. Eclipses. Transits of Venus.

Camus. Inquiries in mathematics and mechanics.

Chappe. Transit of Venus in 1761 at Tobolsk. Ditto in 1769 at
California. Meridian passage of Mercury. On the zodiacal
light. Halley's solar and lunar Tables.

Long. History of astronomy. Made the gigantic astronomical
machine at Cambridge.

Pemberton. On eclipses. Lunar parallax.

Fontaine. Theory of differential equations.

La Condamine. Conic sections. Pendul
meridian in Peru.

Lyons, Nautical astronomy. On fluzions.

Harrison. Invenfor of the marine time-keeper, and the compound
or grid-iron pendulum.

Bird. Improver of astronomical graduated instruments.
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