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PREFACE.

THE favourable reception of the former editions
of this little work, the first of which was pub-
lished in 1896, has induced the author to issue
a tenth, brought up to date of the present year,
with some improvements. Practically, it con-
sists of two parts, though without formal
division : a sketch of the historical and chrono-
logical bearing of eclipses seen before their
scientific study began, which may be said to
date from the one which was total in England
in the year 1715; and a rapid survey of the
observations made of those which have occurred
since, and the discoveries resulting from them.

By the kind permission of the Astronomer
Royal, Sir William H. M. Christie, I am enabled
to reproduce, as a frontispiece to this work,
one of his beautiful photographs of the total
eclipse of the 30th of August, 1905, taken at
Sfax in Tunisia.

WwW. T. L.
Blackheath, March, 1909.
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—_——

ECLIPSES of the Sun are of three kinds : total,
annular, and partial. The length of the Moon's
shadow is about equal to her distance from
the Earth; but as that distance varies, owing
to the eccentricity of her orbit, the shadow
may reach the Earth or may fall a little short
of doing so. In the former case, when the
Moon passes centrally between the FEarth
and Sun, the latter will be for a short time
(the longest duration less than eight minutes)
completely obscured or eclipsed along a line
(never exceeding 170 miles in width), which
the Moon's shadow traverses in its course.
Over a larger belt on either side of this, part
of the Sun will be covered from a spectator
located therein, and there will be a partial
eclipse. But if the Moon, at the time of coming
centrally between the Earth and Sun, is at
or near the part of her orbit where she is furthest
from us, her shadow will not reach the Earth,
but in places on the central line along a zone
of very narrow width, she will be seen on the
Sun apparently not large enough to cover
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it, but leaving a ring (Lat. annulus) of bright
sunlight all round her dark disc : this is called
an annular eclipse. Outside this narrow zone,
on either side of it, as in the case of a total
eclipse, there will be a partial eclipse. Some
eclipses, of course, are nowhere more than
partial, on account of the Moon's shadow
falling above or below the Earth, so that
only a portion, greater or smaller, of the Sun
is obscured at any place.

The eccentricity of the Moon's orbit is the
principal cause of the differences above spoken
of with regard to a central eclipse being total
or annular. But the eccentricity of the Earth's
orbit and the position in it at which the Earth
(and attendant Moon) is situated at the time of
the eclipse, has some effect upon this and upon
the length of time which the eclipse, if total,
lasts as such. The diameter of the Sun is
about 866,000 miles ; his mean distance from
us is nearly 93,000,000 miles, but the actual
distance varies between about 91,500,000 and
94,500,000, the difference being 3,000,000, or
about the thirtieth part of the whole. The
diameter of the Moon is about 2,160 miles.
Her distance from the Earth varies between
253,000 and 221,600 miles; the difference
being 31,400 miles, nearly an eighth part of
the whole.
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That which renders total eclipses of the
Sun peculiarly interesting in a scientific point
of view is that the extinction of his light by
the interposition of the Moon enables us to
see masses of matter surrounding him, the
comparatively feeble light of which is at other
times overpowered by his brilliancy. ‘The
observation of these has formed one of the
most interesting subjects of study in astronomy
since special attention was first directed to
them on the occasion of the great total eclipse
seen in Southern Europe in 1842. But before
entering on that and later eclipses, we propose
to give a brief survey of the most remarkable
eclipses recorded in history, some of which have
helped to throw light upon disputed questions
in chronology, as we are able to compute the
dates of these and to compare them with the
accounts related by historians ; that is, when
these are sufficiently precise to make identifica-
tion of the calculated and observed phenomena
possible.

The ancient Egyptian records have hitherto
afforded no instance in which this could be
done with any probability; and though in-
genious attempts have been made to identify
a few alluded to in the Rig-Veda, it cannot be
said that these have been very successful. The
earliest mention of a solar eclipse of which
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the actual date can be fixed with a high degree
of probability is to be found on a Babylonian
tablet which was deciphered by Mr. L. W.
King, of the British Museum, in 1905, and
identified by Mr. Cowell, of the Royal Observa-
tory, Greenwich, with one found by calcula-
tion to have taken place on the 31st of July,
B.C. 1063. One in the Chinese annals is said
to have taken place in the sixth year of King
Yew, of the Chow dynasty, which appears to
have corresponded to B.C. 776, the first year,
by a remarkable coincidence, of the first Greek
Olympiad. The tecord is found in the 'She-
King,' a series of poetical works collected by
one of the disciples of Confucius, and the writer
expresses his dread of a phenomenon (of a far
more terrible kind, he thinks, than an eclipse
of the Moon) which presaged the disruption
of all proper government* It appears very
probable that the eclipse was one which calcula-
tion shows to have taken place on the 6th of
September in the above year.

The Assyrian tablets record three eclipses

* One stanza of the poem may be quoted here as
translated by the late Prof. Legge :— .

" These bodies, erring, what is bad make known
Good men neglected, order all o'erthrown ;
The Moon eclipsed was what full oft takes place,
The Sun's eclipse portends a sadder case."
Perhaps the second line is intended to contain a covert

reference to the writer.
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of the Sun, one of which appears to have been
total not far from Nineveh. This occurred on
the 15th of June in the year B.C. 763, and is
mentioned in the so-called Assyrian ' Eponym-
Canon,' which was interpreted by the late Sir
Henry Rawlinson in 1862 from the fragments
of terra-cotta tablets brought over by Layard
and deposited in the British Museum. The
inscription in question (as kindly translated for
the author by Dr. T. G. Pinches, formerly
of the British Museum) states that "in the
Eponymy of Bursagale, Governor of Gozan, a
revolt in Assur [i.e., the city] took place in the
month Sivan, and the Sim was eclipsed." This,
we read, was in the cighth year of the reign
of Assur-day-an, and the record must be
allowed to fix subsequent dates in the Canon
with great precision. Another eclipse is men-
tioned on a tablet in the reign of Esar-haddon,.
the son and successor of Sennacherib, which
would seem to be one calculated to have oc-
curred on the 27th of May, B.C. 669 ; it was
only partial in Assyria, but was annular further
to the east. A large partial eclipse seems also
to be referred to in an inscription eight years
afterwards in the reign of Assur-bani-pal;
it is rather difficult to explain all its circum-
stances, as a darkness for three days is stated
to have taken place; but Dr. Pinches thinks
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that this is intended for a separate occurrence
from the eclipse, which was probably that
of the 27th of June, B.C. 661.

A Greek record should be mentioned here.
The poet Archilochus refers to a total eclipse
seen at Thasos in the ZAgean Sea, and this is
very probably that which occurred on the
6th of April, B.C. 648.

We now come to a very interesting eclipse.
Herodotus states that in the sixth year of the
war between Alyattes, King of Lydia, and
Cyaxares, King of Media, just when a battle
was about to take place, day was suddenly
changed into night, which led to a termina-
tion of the contest; he adds that this eclipse
(that is, the year in which it was to take place)
had been foretold by Thales, who, whether
this be true or not, was certainly the first
Greek astronomer. There has been much
ediscussion with regard to the date of this
eclipse; but a full consideration of all the
circumstances leads to the very probable
conclusion that it was the total one of the
28th of May, B.C. 585, which was very large
in Asia Minor towards sunset. As the war
between the Lydians and Medes began some
years after the destruction of Nineveh by the
allied armies of Cyaxares and Nabopo-
lassar of Babylon (the father of Nebuchad-
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nezzar), this helps approximately to determine
the general chronology of those times.

The next important ancient statement of
the occurrence of a solar eclipse has given
even more trouble to historians than the
above, in a different way. Heredotus says
that when Xerxes was setting out from Sardis
for Abydos on his famous Grecian expedition,
"at the moment of departure, the Sun sud-
denly quitted his seat in the heavens and
disappeared, though there were no clouds in
sight, but the sky was clear and serene."
Now, there can scarcely be any doubt, from
the whole course of Grecian history and its
successive events, that the year when the inva-
sion took place and in which the battles of
Thermopylae and Salamis were fought, was
B.C. 480. No eclipse of the Sun, it is known by
calculation, occurred in the spring of that year.
Some have therefore proposed to remove the
date to one year earlier, as an eclipse took
place on the 19th of April in B.C. 481 ; but,
not to mention other objections, this is scarcely
consistent with the historian's statement that
the season was "on the first approach of
spring." The late Astronomer Royal (Sit
George Airy), on the other hand, suggested
that Herodotus wrote an eclipse of the Sun
instead of one of the Moon, as an eclipse of
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the latter occurred on the early morning of
March 14th, B.C. 479, thus making the date
one year later instead of earlier. We may
put aside all suggestions of any date still
further removed from that accepted, which
there is no sufficient reason for altering. For
the whole course of the history proves that
B.C. 480 was the true date, which is also con-
firmed by the statement of Herodotus that an
eclipse of the Sun took place later in the same
year, which so frightened Cleombrotus, King
of Sparta (brother of Leonidas, who fell at
Thermopyla), whilst he was occupied in fortify-
ing the Corinthian isthmus, that he hastily
returned home with his men. This appears
to have occurred in the autumn, and must
have been the one, annular in some places
though only small in Greece, which is calculated
to have taken place on the 2nd of October,
B.C. 480. How then shall we explain the
extraordinary darkness when the Persian army
was leaving Sardis in the spring ? Possibly
it may have been caused by a remarkable
atmospheric phenomenon ; but there is some
plausibility in the late Prof. Rawlinson's sugges-
tion that "Herodotus may perhaps have undezr-
stood of the setting forth from Sardis what was
told him of the departure from Susa in the
spring of the preceding year," when, as we have
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said, an eclipse did occur in April, and this
would have been large in Persia, but not visible
in Greece or Asia Minor. But another sugges-
tion has since been made by Prof. Bury, which
seems not unlikely to be the true solution.
A total eclipse passed over Greece and Asia
Minor on the 17th of February, B.C. 478, two
years after Salamis, and Herodotus (who was
a young child at the time) may have inadver-
tently transferred its date to the impressive
and significant occasion of the battle-year.

An eclipse was total in Greece on the 30th of
April, B.C. 463, which is thought to have been
seen by Anaxagoras at Athens—FEusebius says
that it occurred in the second year of Artaxerxes.

The next eclipse of the Sun possessing
historic interest took place in B.C. 431, the
first year of the Peloponnesian war. Calcula-
tion shows that an annular eclipse occurred
on the 3rd of August in that year, the central
line of which passed over the north-western
shore of the Euxine in a south-easterly direc-
tion. Plutarch* relates an amusing anecdote
with regard to it; that the pilot of a ship in
which Pericles was about to sail for the Pelopon-
nesus was much alarmed at the phenomenon,

* He gives it as a bit of gossip, but puts it in the
second year of the war. The eclipse occurred in the
first, as stated by Thucydides.






