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“ That which we know is little but

that which we know not is immense.”
LaAPLACE.

" PUBLISHERS’ NOTE.

Tuis book is written with the idea of giving English
readers some general conceptions of - this fascinating
science. :

The author’s well-known reputation as a writer upon
the subject, together with the many flattering notices the
work received when issued at a higher price, assure to the
public a work which is both entertaining and instructive
and at the same time scientifically accurate.

The publishers, therefore, hope that in its new form the
work will be the means of stimulating a taste for scientific
work and study,
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PREFATORY CHAPTER ON
TWENTIETH CENTURY ASTRONOMY.

AsTrONOMY, like all other branches of knowledge, pro-
gresses with the times. But its fundamental principles
are more unchanging than those of most other sciences.
For instance, its nomenclature has not undergone in its
backbone such a revolution as has taken place in the
science of Chemistry, and the changes which a chronicler
of astronomical progress during the last quarter or half
a century would be in duty bound to take note of would
have reference much more to an increased knowledge of
details than of fundamentals. It is easy to explain why
this should be so. It is due primarily to the increase in
the size of the telescopes brought to bear on the survey
of the Heavens, and the multiplication of observers on
the watch to record the things which they see happening,
though it is not often that these things involve changes
which are wholly unprecedented.

The reader will realize from the foregoing statement
that no necessity has arisen for any reconstruction of the
text of this little volume, although several years have
elapsed since it was first given to the world. The most
important new points which need any consideration in
this summary review concern the Sun and what has been
learnt from several total eclipses; the increase in the
number of the minor planets; the discovery of new
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satellites of some of the major planets; and the question
+of an unknown new planet revolving outside the orbit
of Neptune.

Spectroscopic observations have thrown further light
on the constitution of various heavenly bodies, especially
comets, but with regard to Sidereal Astronomy, which
embraces stars, clusters of stars, and nebulw, there is not
much which I can say in the space available for the
purpose.

Measured by material, or, if one may be permitted to
say so, by commercial results, by far the greatest visible
developement in connection with Astronomy has been the
remarkable multiplication of observers and telescopes, and
this not in England alone but in all parts of the world and
amongst all ranks of society. Itisevidenced by the multi-
plication of books on Astronomy and the apparently un-
checked demand for such books; by the increase in the
number of societies and organizations devoted to the study
of Astronomy; and by the increased attention shown by
that newly developed savant, the man-in-the-street, which
last named fact is indicated by the attention so freely
given to current Astronomical topiecs by the daily and
weekly political and general newspapers.

One effect of the general progress of things in the
world of late years has been the greatly increased facilities
for travel, and this has had a not inconsiderable effect on
observations of eclipses of the Sun, Accordingly, eclipse
expeditions from all parts of the civilized world to many
uncivilized parts have been much more frequent than
during former years. During the period now under
review there have been three eclipses marked by great
expeditionary efforts which stand out before all others,
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namely, those planned to view the eclipses of 9th August,
1896, especially known as the Norway Eclipse; that of
28th May, 1900, known as the Portugal Eclipse; and
that of 30th August, 1903, known as the Spanish Eclipse.
It must not be supposed that these names define precisely
the limits within which the eclipses were visible, but only
the more prominent centres to which the greater number
of astronomical tourists gravitated. Bad weather spoilt
nearly all the efforts made to study the 1896 eclipse, but
Shackleton, one of Sir G. Baden Powell’s party who
went to Nova Zembla, obtained the important result of a
photograph of the so-called *flash™ spectrum at the
beginning of totality. This was the first successful attempt
to secure a record of this phenomenon after many pre-
vious failures. The eclipse of May, 1900, conveniently
visible as it was in a country so near to England as
Portugal, drew thither a large number of observers; and
many others went to the south of Spain and Algiers. By
the aid of a large number of prismatic cameras a great
quantity of photographs were obtained, but the observa-
tions taken as a whole did not yield any striking additions
to our knowledge. They are not on that account, how-
ever, to be despised, because they served to confirm certain
previous conclusions connected with the Sun’s Corona.
The central line of eclipse in 1905 passed from Labrador
across to Spain and Egypt. It was hoped that observa-
tions taken in countries so remote as Labrador and
Egypt (which meant in the latter case at an absolute
interval of more than two hours after observations taken
at the former station) would have enabled Astronomers
to ascertain whether during such an interval as two hours
of absolute time any material change or transformation
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took place in the Solar Corona. The attempt to obtain
information on this point was, however, frustrated by the
unfortunate failure of the weather in Labrador. The
expeditions to view this eclipse were on an unusually
large scale, no less than eighty different places being
occupied as observing stations. The weather was very
generally unfavourable, more or less, a fact to be regretted,
especially because many years will elapse before any
other eclipse occurs, visible in a locality easily accessible
to English, or indeed to European, Astronomers.

The sum total of the minor planets continues to grow,
I will say boldly, with undesirable rapidity, and the total
number is now approaching 600. They have, with some
half-a-dozen exceptions, long ceased to be of anyindividnal
interest, and it is marvellous that the stolid German mind
can continue to take note of them, for it must be freely
confessed that the credit of their discovery and calcula-
tion now rests almost wholly with the Germans. Tt is,
moreover, no wonder that many of them have been lost,
and that now and again a new discovery turns out to be
an old one.

Far more interesting than the minor planets are the
new satellites of Jupiter and Saturn. Astronomers were
so long accustomed to consider the satellites of the major
planets to be limited to the 4 belonging to Jupiter, the
8 belonging to Saturn, the 4 belonging to Uranus,
and the one belonging to Neptune, that when in 1877
the discovery was announced of 2 satellites to Mars,
quite a shock was given to the astronomical world. But
there have been more serious shocks since; and Jupiter
with 8 satellites instead of 4, and Saturn with 10 instead
of 8 may now be regarded as recognized facts,
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As a complete statement of Jupiter’s satellites is not
readily met with, the following table may interest many
readers. It is to be remarked that a very haphazard
system of nomenclature has come into use, though perhaps
this was, in a sense, unavoidable. It is to be hoped, how-
ever, that names will soon be provided by the discoverers
of these satellites.

THE SATELLITES OF JUPITER.

omsasmox | Dicommmmiepes | | sommas |
Badiiof |
v Barnard, Sept, 9, 1892 | 1o’ | % 1%
ITo Galileo, Jan., 1610 60 118 |
11 Enropa Galileo, Jan., 1610 96 3 18 |
ITI Ganymede | Galileo, Jan., 1610 153 7 4
1V Callisto Galileo, Jan., 1610 26-9 16 18
Vi Perrine, Dee. 3, 1904 250 12 |
Vil Perrine, Feb., 1905 259 17 |
Vil Melotte, Feh. 28, 1908 00 4+ |

The 8 old satellites of Saturn have recently been
mcreased to 10 by two discoveries made in America,
both by means of photography in the first instance,
Satellite IX, which has been named Pheebe, was found
on a plate taken on August 16, 1898. It revolves round
its primary in 546 days, at a distance which may vary
from 6,210,000 to 9,740,000 miles. This great variation
is owing to the remarkable eccentricity of the satellite’s
orbit, which is 0:22, an eccentricity greater than that of
any other planetary satellite or major planet, and equalled

only by a few minor planets. Phabe’s diameter has been
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estimated at 200 miles, Its brightness is less than that
of a 16th magnitude star. Satellite X, which has been
named Themis, was found on a plate taken in 1905. Not
much is known of the character of its orbit, except that
it revolves round its primary in the short period of 21 days,
which is nearly the same as the period of Hyperion, the
seventh satellite, discovered in 1848.

Since January, 1890, no fewer than 95 comets have
appeared, but none of them of special size and im-
portance. Two of them, Holmes's (1892, iii) and More-
house’s (1908, iii), underwent extraordinary transforma-
tions of appearance indicative it would seem of the opera-
tion of forces, inherent or external, or both, as to which
we shall no doubt know more, sooner or later, and have
much to learn. The great comet event of 1910 is, of
course, the return of Halley’s comet, celebrated alike in
astronomical and in political history.

As regards the supposed trans-Neptunian planet, little
can be said because nothing is known; but Forbes in
Seotland and Flammarion in France have agreed very
definitely in favour of the existence of such a planet.

It has been suggested to me that the usefulness of this

book would be enhanced if it contained a little more i

information on the subject of Telescopes and their use.
I will therefore deal with this matter by way of supple-
ment to the chapter which appears elsewhere.! It so
happened that only two or three days before I began
writing these remarks, I accidentally fell in with a gen-
tleman who, interested in Astronomy, told me that he
possessed two telescopes, but never used them, and did

! See chap. xiii, post.
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not know how to use them. I fear that some such con-
fession as this might often be made, and it has stimulated
me to write what I am now going to write.

The most common mistake made by everybody is that
Astronomy cannot be studied instrumentally except a
large telescope is at command. There is no greater mis-
take imaginable. Even with an opera-glass something
can be done. Indeed, the use of an opera-glass combined
with a set of star maps, and so used for twelve months,
is itself an important preliminary training for more work
on a larger scale when the telescope arrives.

To a young student who intends to take up Astronomy
systematically as a pursuit, I would say “ Do not buy
your telescope until at least you have given twelve whole

" months to a study of what I must call, for convenience’

sake, the Geography of the Sidereal Heavens. You will
then start work with your telescope with much greater
zest.” The books wanted for such a purpose are an
almanac and a star atlas. As an almanac Whitaker’s is
unrivalled, and the old British very good. The best
Iinglish atlases for this purpose are Me Clure’s, published
by the S.P.C.K. and Hind's, published by Keith J ohnston;
but of course there are others available, amongst which
I may single out Peck’s Handbook and Atlas as very good.
MecClure’s book has the additional advantage that it
contains a catalogue of celestial objects suited for small
telescopes.

The most important caution to be given to the tyro in
Astronomy is “Do not concentrate too much of your
thoughts and money on the size of the telescope which
you are proposing to buy, as distinet from its stand.”
With a smaller telescope on a well-mounted stand, more

b



xviii PREFATORY CHAPTER.

work can be done, and it ean be more pleasantly done,
than with a much larger telescope on an inefficient stand.
The only right sort of stand is an equatorial, however
coarse may be the graduation of its circles. A 3-inch
telescope equatorially mounted is a far more useful
appliance than a 4-inch mounted in altazimuth fashion
on the exploded pillar-and-claw stand to be placed on a
table, which was affected by our forefathers fifty or one
hundred years ago. Another serious mistake into which
young or inexperienced amateurs generally fall, is an
undue partiality for eye-pieces of high power. It may
be taken for granted that one-half of the eye-pieces (being
of course those of the highest power) commonly supplied
by opticians with new telescopes, are not of the slightest
use for general purposes; and this is peculiarly true in
the case of telescopes which are not equatorially mounted.
I suggest the following as an ample supply of powers for
the smaller sizes of telescopes intended to be dedicated to
what I may call general star-gazing use:

3 inches of aperture: 20, 55.

4 inches of aperture: 23, 63, 140,

5 inches of aperture: 30, 85, 170.

Whilst of course it is desirable that all the lenses and
the object glass of a telescope should be as clean as
possible, this condition of things should be obtained rather
on the principle of prevention being better than cure; that
is to say, when suitable care is exercised the glasses of a
telescope ought not to get dirty or dusty except at long
intervals of time. When they have got into condition to
need systematie cleaning, the cleaning process should be
carried out very delicately, with a light hand and very
soft materials. As regards the latter there is nothing so
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suitable as an antiquated cambric or silk pocket handker-
chief. No water should be used, but in cases of real
necessity to use liquid it should be spirits of wine applied
with a camel’s-hair brush and then very gently rubbed.

The foregoing remarks obviously apply more particu-
larly to refractors, but in spirit may be considered applic-
able mutatis mutandis to veflectors. 1 do not, however,
recommend reflecting telescopes for amateurs financially
limited to small sizes of aperture. It is true that inch for
inch they are cheaper than refractors, but they are very
unhandy, and the mirrors, whether metallic or silvered
glass, soon get out of condition, and are not easily or
inexpensively rehabilitated.

Some means of ascertaining sidereal time is, of course,
indispensable to the amateur, and is best met by a clock
directly regulated to sidereal time which gains about four
minutes a day on common time, An expensive, highly
finished clock of great scientific accuracy is wholly un-
necessary; and any fairly good English or French clock
costing £2 or £3, or even less, will suffice. Indeed, it is
easy enough for the amateur observer to ealculate sidereal
time by means of the almanae for himself every day, as
he wants it, and carry on his work with a clock or watch
not, set to sidereal time. This may be a little awkward in
practice, and a simple, easy remedy is to use any sort of a
clock to fulfil the role of a journeyman clock, starting it
to sidereal time every evening before beginning work.

An obviously important factor in the conduct of
astronomical observations is the weather. As to this the
amateur must not be too fastidious. He must not disre-
gard a day for viewing the Sun, or a night for viewing
stars because there seem to be too many clouds ahout,
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or because the stars look dull. When there are broken
clouds about, especially after some showers of rain, it will
often happen that the stars will be very clearly and sharply
defined; and paradoxical as it may sound it often happens
that when the stars are not sharply defined to the naked
eye, but seem dimmed as if by a veil of haze, the definition
may be fairly, or even very, good. This probability
especially applies to the observation of planets.

A small telescope, if of good quality and mounted on a
steady stand, will often render visible planetary features
which are very interesting: under this head I may
enumerate the horns of Venus, the coloured patches and
polar snows of Mars, the belts and larger satellites of
Jupiter, and the rings of Saturn. Jupiter in particular
affords endless interest in the movements of its 4 old
satellites, their transits across the planet, and eclipses,
and oceultations. Nor must the Moon be forgotten. Its
mountains and their similarity of formation to terrestrial
voleanoes are most interesting. And incidentally the
occultations of stars by the Moon should not be for-
gotten. The best time for viewing the Moon is when it
is rather young, or very old, because the shadows of the
mountaing then come out in their most striking form.
The Moon when full should be avoided because the
mountaing east no shadow, and a straight front view of
them is not of much good.

In looking at the Sun and its spots care must be taken
to use dark glasses: and whatever the size of the telescope,
however small, a diagonal reflector. This reflects the light
rays only and disperses the heat rays. This precaut,ioﬁ is
very important, or accidents to glasses and eyes alike
may oceur.

ASTRONOMY.

CHAPTER 1.

PRELTMINARY CONSIDERATIONS.

A STRONOMY may be regarded as one of the most
comprehensive of the intellectual sciences culti-
vated in the present day. It embraces matters of the
greatest popular interest to the general public, whilst it
also calls to its aid, for certain purposes, mathematical
calculation and analysis of the most difficult and abstruse
character. Astronomy as a matter of study may be
conveniently regarded as embracing three main branches,
each tolerably distinct from the other.

That branch which we study with the sense of vision,
tha‘t is, which requires the eye or a telescope to be brought
to bear on it, and which must be pursued more or less
in the open air, may be called simply *Descriptive
Astronomy.”

That branch which investigates causes and effects and
the laws which govern the universe, and which is chiefly
a matter for indoor study in the daytime, so to speak, is
known as  Theoretical,” or sometimes *Physical,”
Astronomy. :

B
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That branch which relates to instruments and methods
of employing them, and, to some extent at least, of draw-
ing useful conclusions from the results which they place
us in possession of, is known as “ Practical Astronomy.”

The terms “Descriptive Astronomy ” and “ Theoretical
Astronomy ” may, in the light of what has just been
stated, be said sufficiently to explain themselves, but
“ Practical Astronomy” seems to require a little more
expansive definition. It includes various processes and
operations, and the ways of obtaining a knowledge of
certain facts which justify us in regarding the science as
a useful one. Practical astronomy may be said, in fact,
to embody the commercial or utilitarian aspect of the
science, for unfortunately in these days people are not
always ready to disregard the money-making opportu-
nities afforded by objects of study which are primarily of
an elevating or intellectual character.

The great changes which of late years have come over
the methods of presenting science to general readers find
illustrations in astronomy just as they do in such sciences
as geology and chemistry, and readers and students can
now pursue their work and researches under circum-
stances vastly different from those which prevailed at
the beginning of the present century, and indeed up till
about the year 1850. Up to about that period it may be
said that the books obtainable were few in number, and
often repulsive in form. Their engravings or illustrations
were likewise few, and these were generally coarse and
often grotesque—mere caricatures of the objects supposed
to be represented. Scarcely anything had been done in
the way of applying colour to scientific printing. Tele-
scopes were rare, small, of inferior workmanship, and very
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expensive. In every one of these points we of the present
generation possess advantages over the last and preceding
generations, the nature and extent of which many of us
scarcely realize. Perhaps if I mention only the one sub-
ject of photography, the reader will be able to form a
slight idea of the progress by which he is now profiting.
1t is not easy to deseribe the service which photography
has rendered in securing exact records of astronomical
facts and events.

Some other ideas seem to deserve brief notice in this
place, in connection with the foregoing statement of the
improved facilities which now exist for enabling the
general public to obtain some insight into the wonders of
creation included in the domain of astronomy. The books
and methods of half a century age were generally based
on an elaborate series of definitions, often stated in a
dry and repulsive form, and on diagrams of complex and
forbidding aspect. When it was a matter of the personal
teaching of astronomy, no teacher could do anything
without a great globe, and a vast amount of explanation
respecting this (for astronomical purposes) extremely
doubtful toy. He would dwell so much upon preliminary
details, that by the time he arrived at his astronomy
properly so called. he had reached nearly the end of his
available time, however many lectures or lessons his
course might consist of. We have in the present day
outgrown most of these antiquated methods of doling out
astronomical facts, whether for the student or for the
general reader. Moreover the books on all subjects
claiming attention nowadays are so numerous, that con-
ciseness of diction and clearness of style, both in the
statements made, and in the manner of making them, are



4 ASTRONOMY. [cmar.,

important to a degree which formerly would not have been
realized.

The foregoing general remarks will, in their way, afford
a clue both to the scope and to the intention of the present
work, and also to the manner in which it is proposed to
exhibit the information which will be given.

CHAPTER II.
THE SOLAR SYSTEM.

HE expression “Solar system” is in common use
to express collectively those various heavenly
bodies which revolve round the Sun as a centre, and
which depend upon the Sun in various ways, some of
which we shall in due course consider. The bodies here
to be included are especially the planets (with their
satellites, often spoken of as “moons ”), comets, and
meteors. Yet in strictness, perhaps, only some of the
comets should be ranked as members of the Solar system ;
whilst as regards the meteors, their origin being unknown,
and their movements irregular and uncertain, the pro-
priety of treating them as members of the Solar system
is by no means free from doubt, Perhaps, however, we
may best define the Solar system as that series of
created celestial objects which depend on the Sun, the
largest and most important of them.
We nowadays perfectly comprehend that the Sun is
the centre to which we look, and that all the planets and
many of the comets circulate round this centre ; but cone
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clusive knowledge of these facts is comparatively a thing
of modern times. In ancient times, and down to within
three or four centuries ago, ideas altogether different
were current, and several contradictory theories had at
different periods been put into circulation regarding the
centres round which the several planets revolved, and the
order in which they did so. As to the comets, it may be
gaid that nobody in days gone by seriously considered
them as in any way belonging to the Sun or to the
planets. The Moon was regarded as being simply
a very bright planet, distinguishable, say, from Venus
or Jupiter, only by its greater size and more rapid
motions,

As several distingnished men, who are such on account
of their general eminence as astronomers, are associated
with some of these incorrect theories of the Solar system,
it may be worth while to state briefly the principal fea-
tures of these erroneous systems.

The “Ptolemaic System,” though bearing the name of
Ptolemy, was not perhaps actually suggested by that
philosopher. It makes the Earth the centre of the system
round which the Moon, Mercury, Venus, the Sun, Mars,
Jupiter, and Saturn, all regarded as planets, revolve,
and in the order stated. The “ Egyptian System” slightly
differed from the Ptolemaic in treating Mercury and Venus
as satellites of the Sun, and not independent planets.

The“Pythagorean System ” contemplated the existence
of a central fire, around which, as the hearth or high altar
of the universe, 10 heavenly bodies revolved. All these
theories were of course erroneous, not to say ridiculous ;
but it is certain that more than one Greek philosopher
had an inkling of the fact that the Sun was the real centre
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he insisted that the Earth was the immovable centre of
everything.

Tycho Brahe, who died in 1601, and who was a very
hard-working, and, in other respects, able astronomer,
put forth a theory which suggested the Earth as the

of everything, and that the Earth and planets in some

mysterious way depended upon it.
Next in point of time was the theory put forth by
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FIG. 1,—THE COPERNICAN THEORY OF THE UNIVERSE,
centre of the universe, with the Moon as the Earth’s
Copernicus, which, as developed by Sir I. Newton, is nearest satellite, the Sun being another and more distant
now the accepted theory of the universe. Nevertheless, satellite, around which the major planets circulated, they
it had ome powerfui oppoment in Tycho Brahe, who, themselves being solar satellites. Tycho marred the
eminent as an observer, utterly failed as a theorist when credit of a long and useful life as a working observer by
II
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lending himself (apparently from religious motives) to
this theory, which Copernicus had in effect demonstrated
to be untrue and impossible half a century previously.

FIG. 3.—COMPARATIVE BIZES OF THE PLANETS.

The Solar system, as we now aceept it, consists of the
Sun and the following bodies revolving round it :—
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(1) Mercury.
(2) Venus.
(3) The Earth (with its satellite the Moon).
(4) Mars (with its 2 satellites).
(5) The Minor Planets (about 300 in number).
(6) Jupiter (with its 4 satellites).
(7) Saturn (with its 8 satellites).
(8) Uranus (with its 4 satellites).
(9) Neptune (with its 1 satellite).

(10) Certain comets known as “ periodical comets.”

Of the above, Mercury and Venus being within the
Earth’s orbit, are called “inferior planets,” whilst Mars
and all the others, because they are outside the Earth’s
orbit, are called “superior planets.”

Tabular details respecting the several major planets,
the minor planets, and the satellites, will be given sub-
sequently in the Appendix.

One of those happy inspirations which one meets with
now and again in literature, led Sir John Herschel to
frame a comparative statement of the objects comprising
the Solar system, which, with some modifications and ex-
tensions, is reproduced in the following table. His idea
was to start with a level field or open common, and on it
to place certain objects at certain distances to represent
the Sun and planets, thus:—

Sun in the centre, 2 feet in diameter.

Distance from .
i Ei. Ideal Size.

Mercury . . 82 feet . . & mustard seed.
Venus. " . 142 feet . @ pea.
The Earth , . 215 feet « & pea.
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Distance trom

3 e . Ideal Size.
ars
s s o 327 foet . asmall er-corn,

The.mmor planets 500-600 feet . grains ogzl;lzld. e
Jupiter « .« #mile . . anorange.
%atum « « gmile . . asmall orange.
Nrsmus « « 3mile . . a cherry.

eptune » Iimile. . lum.
Encke’s comet i Gt

(Aphelion) . 290 yards —

Donati’s comet

(Aphelion) . 6miles. . —
Nearest fixed star 7500 miles

I't. needs hardly to be affirmed that the planets perform
their movements in obedience to definite laws, and in-
deed 1o science more often furnishes illustrations of
the existence of Order and Design in nature than does
astronomy.

Whilst we shall come across proofs of this in many
places, it is expedient here to call attention to the laws
commonly called “ Kepler’s Three Laws,” being the most
important and best known of all the laws which astro-
nomy presents us with.

Copernicus, in making the Earth and the planets move
round the Sun, allotted to the Sun the eminent position
in the |.miverse which belongs to it. But he could not
determine the laws which governed the motions of the
planets. This was reserved for the genius of Kepler
In ?alcul.at.ing the different positions of Mars, and com
paring his own observations with those of Tycho Brahe
-Kep]er was astonished at finding numerous appa.ren;
irregularities in Mars's orbit, and still more in its dis-
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tance from the Earth. He soon saw that the orbit could
not be circular, that it must be some other closed curve,
and eventually he recognized that it must be an ellipse,
with the Sun occupying one of the two foci. This was a
foreshadowing of his First Law.

It was not, however, enough to have discovered the
true form of planetary orbits ; he desived to ascertain the
reason of that form, and he concluded that it depended
upon some influence exerted by the Sun. Thus he ob-
tained an inkling of what Newton was able to demon~-
strate some three-quarters of a century later.

The path of a planet once traced, the next thing to
determine was what regulated the irregularities observed
in its course. Kepler having remarked that the velocity
of a planet seemed to be greatest when it was nearest to
the Sun, and least when it was most remote from the Sun,
proceeded to suggest that an imaginary line joining the
centre of a planet and the centre of the Sun would pass
over equal areas in equal times, an important discovery
which resulted in his Second Law.

He did not stop there, but proceeded to apply his two
first laws to other planets besides Mars, and to the Earth
itself. Then noticing that the revolutions of these planets
were so much longer as the orbits were larger, he sought
to discover if any relation subsisted between the diameters
of the orbits and the times occupied by the planets in
traversing them, After 27 years of laborious research
he found out that a relationship did subsist, and thus was
able to assert his Third Law.

These laws are commonly set forth in some such terms
as the following :—

(1) The orbit described by every planet is an ellipse,
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the “line of apsides.” All the foregoing expressions

tary orbits generally. ;
GPPAl{ tth?epi?;: ::rlg;an the Earth is nearest the Sun, or in

of which the centre of the Sun occupies one of the

(2) Every planet moves round the Sun in a plane orbit, perihelion, it is clear that the Sun is neat:ist- to th? Ea}:t%
and the radius vector or imagin line joining the centre is directly, another word, * perigee,
of the planet and the cenhafofage Sl.l:lll describes equal ;“:'m? e’ég:ﬁ:;ﬂmt:]:ezofd “ aphelion” lmst for its ;o:;
areas i ual times, <y » rds are often use

(;; 1;‘:2 'squ;nt;ze: of the periodic times of any two B e B
Planets are proportional to the cubes of their mean dig- ot

— —

tances from the Sun. =7

The first of these laws explains the variations in the
distance of the Earth from the Sun, and likewise of the \C
planets from the Sun. The second accounts for the regu- S} ] \
larity which observation enables us to discover in the =0 B

1 locity of the Sun in its a arent movement £ EE \

angular velocity of the i pp moveme St Il et
round the Earth ; or, as it should be more properly put, __|8——=% A
in the angular velocity of the Earth round the Sun, B /
Whilst the third law enables us, knowing the distance of
the Earth from the Sun, and its period and the period
of any given planet, to calculate at once the mean dis- \ /
tance of that planet, expressed in the same terms as the Q b
distance of the Earth is expressed in, be it radii of the /
Earth’s orbit, or miles, or what not, ““L__.-/ S

Fig. 4 will serve to fix in the reader’s mind the rin- STRATING KEPLER'S FIRST AND SECOND 2
ciples enunciated in Kepler’s First and Second Lawg. A

The ellipse o B ¢ p Qrepresents the Earth’s orbit, s js refer to the greatest and least distances of any planet

the Sun, at one of the two foci of the ellipse. It is the Earth. e

obvious at a glance that the Earth is not at the same fm';‘h S Bt B Kep!ersSacond
distance from the Sun at al] parts of its annual path, It efs s Eaine e s o oot s ‘ Sup-
is nearest the Sun when at P (“ perihelion ") ; farthest at law, o et%anet o e -
A (“aphelion ), The line 4 8 P, being the line bisecting I;:):zt }: pIt S U e e

the ellipse and passing through the two foci (one of v T e e b
which, s, is marked, and the other not marked), is ealled to say, the triangular sp
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nary lines s P, 8 Q, and its actual orbit » q. Suppose
again, on the other side, it moves from its aphelion, 4, to
B, in one month; it will then have described the area
A 8 B, that is to say, the triangular space included be-
tween the imaginary lines 8 A, 8 B, and its actual orbit
4 B. Kepler'’s Second law is to the effect that, as the
areas P 8 Q and A 8 B both represent one month, there-
fore those areas are equal, notwithstanding their seeming
dissimilarity. One other conclusion is also sufficiently
obvious. P Q is a longer distance than 4 B, but as both
are traversed in the same period, namely, one month, the
planet travels faster when near perihelion than it does
when near aphelion. The various linés s P, 8 Q, 8 4,
8 B, and 8 ¢, are each of them a “radius rector,” or a
line joining the centre of the Sun and the centre of a
planet.

As a final outcome of these three laws of Kepler, it
may be pointed out that they paved the way for Newton’s
grand discovery of the law of Universal Gravitation.

Kepler’s First and Second laws were announced in 1 6og,
and his third in 1618. After having arrived at the con-
clusions just stated, Kepler proceeded to endeavour to
discover the physical cause of the movements of the
planets. His investigations as to this often exercised his
active imagination, but at his epoch (he died in 1630) the
time had not come for the solution of this great problem,
which needed the assistance of advanced mathematical
analysis, then only in process of development. Kepler
indeed altogether failed to approach his goal ; on the con-
trary, he drifted quite away from it in vain speculations
respecting the motive force which acted on the planets,
The honour of making known the general principle of the
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movements of the heavenly bodies was reserved for Sir
I. Newton. In his celebrated Principia, published in
1686, this great man, utilizing the observations especially
of Galileo and Huygens, ultimately established certain
important conelusions, which are now accepted univer-
sally as the basis of all physical astronomy. A popular
epitome of these conclusions, even in an elementary form,
would be entirely beyond the scope of these pages. It
must suffice then to sum them all up in a few curt
sentences, thus :— )

(1) In the Sun resides the force which maintains the
planets each in its own orbit.

(2) Comparing this force as affecting any two planets,
it varies in the inverse ratio of the square of the distance
between the centre of each planet and the centre of the
Sun.

(3) All material bodies, and therefore all planets,
mutually act upon all other bodies within the scope of
their influence in proportion to their respective masses,
and also in the inverse ratio of the squares of their re-
gpective distances.

These fundamental principles, taken together collec-
tively, may be said to constitute the basis of the New-
tonian laws of Universal Gravitation,
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CHAPTER III
THE SUN.

e

""‘H.E Sun may well be said to be worthy of its posi-
A4 tion as the centre of our system, not only on
account of its size, but by reason of the vast and com-
Plex influences which it exerts over all the planets under
its sway. The mean distance of the Earth from the Sun
is the chief standard of celestial distances, A considera-
tion of the methods of ascertaining it belongs to another
placa. At present let it suffice to say that that distance
is pruba.l_:ly close upon 93 millions of miles. The ap-
parent diameter of the Sun is rather more than half a
degree, or 866,000 miles. The surface of the Sun’s globe
is nearly 12,000 times that of the Earth, whilst its volume
I8 1,300,000 times greater. The Sun’s mass, or attractive
power, is 332,000 times that of the Earth, and about 750
times that of all the planets taken together. One notice-
able thing about the Sun is the smallness of its specific
gravity. The average weight of a given bulk of earth
say & cubic foot, compared with a similar bulk of water, i;
ab?ut 5+ to 1. Thatis to say, whilst a cubie foot of wa’ter
weighs 62 pounds, a cubic foot of earth weighs about 350
ponnd_s; but in the case of the Sun, a cubic foot of its
material will weigh no more than half as much again as
the like bulk of water: in other words, bulk for bulk
the Sun is only one-fourth the weight of the Earth. ;
Could we carry on at the surface of the Sun certain
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philosophical experiments connected with falling-bodies,
say, for instance, firing a shot out of a cannon, we should
observe some striking contrasts as between the behaviour
of falling bodies on the Earth and on the Sun. The stu-
pendous magnitude and mass of the Sun would be found
to intensify the force of gravity there far beyond any-
thing we can realize. It would be 27 times greater than
on the Earth, so that an artillery projectile would have
very little movement there, but would fall to the Sun’s
surface within a few yards of the cannon’s mouth.

The Sun is a self-luminous sphere, emitting, as we all
know, a vast amount of heat and light. Many calcula-
tions have been made with the view of conveying to the
human mind numerical ideas as to the amount of this
heat and light, but it cannot be said that the conclusions
are very expressive, for there is an air of unreality about
all of them. However, for those who like such specula-
tions, it may be stated that, whilst one physicist has calcu-
lated that the Earth’s annual share of the Sun’s heat
would raise an ocean of fresh water 60 feet deep from
freezing point to boiling point, another has calenlated
that the ordinary daily light of the Sun would be repre-
sented by rather more than 5000 wax candles concen
trated at a distance of 1 ft. from the observer.

1f we look at the Sun, what do we see, or rather, what
do we appear to see?—a small, circular, and seemingly
flat patch of yellowish light, possessed of great inherent
brightness and powerful heat-distributing properties.
But this is a very poor description of what the Sun really
is, for a very slight amount of study shows that it is very
large, and not flat, but a sphere or ball.

Moreover, with exceptions too rare to be worth notice

c
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in this place, the Sun seems to have the same smooth sur-
face and yellowish colour all over

[n the telesco
: i elescope
however, matters are far otherwise : -

the surface appears

/-"’"____'"“"--H.M

FIG

* 5 —THE SUN WITH MANY SPOTS VISIBLE, MAY 15, 1836

u;ot.tled or stippled ;‘it is brighter w the centre than at
the eflgcs, and blackish spots may Irequently be seen in
certain parts of the disec. The inequality in the bright-
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ness of the Sun, as between centre and edges, is a thing
which results very naturally from the fact of the Sun
being a globe enveloped in a sort of atmosphere, through
which luminous rays reach us from below this atmospheric
envelope, as we may for the moment, at least, call it.

¥1G. 6.—THE SUN WITH S8POTS IN BOTH HEMISPHERES,

Experiments made for the purpose of comparing the ap-
parent brilliancy of the Sun at its centre, have yielded
very contradictory results, but a fair conclusion seems to
be, that near the edges the luminosity is no more than
one-fourth or one-sixth of what it is at the centre.

When the Sun is examined with a telescope, it will
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often happen that small black, or blackish, patches will be
seen on different parts of the dise. These are the so-called
“spots on the Sun,” a term which is probably used by
many who do not in the least understand the things
themselves. To a casual and inattentive observer these
spots will probably be regarded as being promiscuously
spread over the whole surface of the Sun, but observation
prolonged over a few weeks, or even over a lesser time,
will disclose the fact that these spots are not scattered
promiscuously over the Sun’s surface. On the contrary,
when by a little attention day by day for a short time
the observer has been able to guess at the approximate
position of the poles of the Sun, he will discover that the
general direction of these spots conforms more or less to
the parallels of latitude on the Sun ; whilst if his observa-
tions are prolonged for a few weeks or months, he will
notice that the spots are almost entirely absent from the
equatorial regions of the Sun. In point of fact their
favourite latitude appears to be from 1 5° to 20° north or
south, and they are rarely seen more than 30°or 35° from
the equator. They are often more numerous and larger
in the northern than in the southern hemisphere.

So much for the distribution of the spots. Now we -

must consider what features an average spot exhibits.
The essential feature, especially as seen with a small
telescope, is a black patch, small or large, as the case
may be. This patch is now scientifically called an
umbra. Outside it and surrounding it there is generally
an edging or fringe ; this is called the penumbra. On
the other hand, inside the umbra there may be sometimes,
but not always, visible a smaller patch of decidedly in-
tense blackness ; when this exists it is now called the
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nucleus. 1t is to be understood that what I have just
described is to be re-
garded as a perfect or
typical spot, but many
departures from this type
will be noticed by an at-
tentive and habitual ob-
server.  For instance,
several distinet umbra
are often to be seen with-
in the limits of one pen-
umbra, whilst a nucleus
is often wanting alto-
gether, The adjacent FIG. 7.—SPOT ON THE SUN, JULY 2,
woodeuts will convey, 1826 (cAPoCCT).
however, a better notion

of an average Sun-spot than a prolonged verbal descrip-
tion,

A spot once found may
last for a period short
or long, dependent, as
far as we know, upon no
laws ; but a few days or
weeks represents their
usual duration. It must
not be supposed, how-
ever, that any one spot
will remain continuously
visible at the same place
on the Sun for days to-
gether, or even for one
day. On the contrary,

F1G. 8.—SPOT ON THE SUN, BEPTEM-
BER 29, 1826 (caroccr).
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the Sun being a body which, like the planets, rotates upon
its axis, every spot occupies a different relative position
on the disc every day. It was indeed this fact which first
enabled astronomers to detect the axial rotation of the
Sun, and afterwards to determine its duration.
Observations carefully made with this object in view
have enabled us to ascertain that the Sun rotates on its
axis in about 25 days 8 hours. Thatis to say, that a spot
seen at the edge of the Sun on a given day for the first
time will be visible for rather more than 12 days, when it
will disappear at the opposite limb to that at which it ap-
peared. It will then remain invisible for another period
of rather more than 12 days, when if still in existence as
a spot it will reappear at the same limb as that at which
it was first seen 251 days previously. If at its first appear-
ance a spot comes into view on a limb it will be on the
eastern limb and it will disappear on the western limb ; but
which is east and which is west, and which is north and
which is south on the Sun’s dise, will often at first be a
puzzle to the amateur observer, because any one point,
say the east, will be different according as his telescope is
provided with a terrestrial eye-piece or with an astronomi-
cal eye-piece. The former of course exhibits the cardinal
points as they appear to the naked eye ; the latter, how-
ever, inverts the field, both upside down and right and
left, whilst a certain eye-piece in common use, and known
as a diagonal reflector, exhibits the image the right way
up, but reverses it right and left. In order, therefore,
to understand the correct orientation of the Sun’s limb,
the amateur will do well to learn the bearings of his eye-
piece by means of some convenient terrestrial objects.
The varying position of the Earth with reference to the

cmaAr, 1L ] THE SUN. 23

Sun, arising out of the Earth’s successive seasons, also
leads to slight apparent changes in the tracks pursued by
spots in crossing the Sun.

Sun-spots vary very greatly indeed in size, both as re-
gards one spot compared with another, and as regards the
same spot at different stages of its existence. It is now
generally admitted that a spot on the Sun is not a spot
properly so called, in the sense in which we speak of a
spot of dirt on a glass, but that it is an aperture or rift
in the visible surface of the
Sun brought about by disrup-
tive forces operating below.
Accordingly a spot exhibits
at the beginning the appear-
ance of a very minute aper-
ture, which gradually widensin
each direction, so that however
large it eventually becomes
its general outline nearly al-
ways is slightly symmetrical,
approximating, say, to a poly-
gon, though of course this r16. 9.—sror ON THE SUN,
statement must be taken in a uAY 6, 1871
very loose sense. Having
reached its maximum development of size, the spot re-
mains somewhat unchanged both in shape and size for,
it may be, a few days, or even a week or two ; eventually
the spot begins to close up, and at last ceases to exist.
These changes will sometimes occupy a few weeks, or
even longer, during which time the spot, slightly alter-
ing from day to day, may yet be identifiable for a con-
siderable time.
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On the other hand, there are s ots exhibiting n -
metry of form, wl!ich break out P;rith great su%id:n?;zt,
:;1;: ::22; .undergomg rapid and violent changes suddenly
) As regards number, there may be visible at the same
time no more than one or two spots, or several dozen
spots of different sizes may be visible, These diver-
sltxes_ do not, however, depend upon chance, but upon
a law pf a very singular and striking kind, the discovery
of which is one of the most interesting incidents in the
history of modern astronomy. In 1826 a German amateur
named Schwabe, who lived at Dessau, began daily ob:
servations on the Sun. Having comple
series of such observations, he noticed dis
the spots varied in number from year to year in a gradu-
ally changing manner, that is to say, if during some one
year he saw many, then there might be fewer the next
year, and i.'ev-ver still the year after, and so on down to an
evident minimum. He carried on these observations
year after year for 30 years, when he succeeded in con-
vincing the world that his ideas as to the reality of
these cl_langes were well founded. Schwabe himself}put
the period at about 10 years, but later observations on
fnuch the_ same footing, prolonged to the present time, and
indeed still in progress, have led astronomers slighti to
en!arg? Schwabe’s period, and the true value is iow
recognized as being a few weeks over 11 years. The

following were years of maxima:—1829, 1837 1848, 1860
1870, 1883. It will be observed that 1 ’ :
not quite identical. This is admitte
I years is derived by workin
observations, which in a broke

ted a 12 years’
tinet traces that

the intervals are
d. The figure of
g on a long average of
n (and therefore in some
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sense unsatisfactory) shape begins as far back as 1610,
in fact with the invention of the telescope.

Two remarkable coincidences have been ascertained,
both of them growing out of Schwabe’s discovery of the
periodicity of the solar spots. Changes take place periodi-
cally in the diurnal variation of the magnetic needle, and
in the prevalence of auroras, which not only ocecupy a
period of 11 years, but ave of such a character that the
epochs of maxima and minima for each phenomenon are
nearly simultaneous with one another and with the Sun-
spots.

It is probable that besides the ri-year period, there
is another period 5 times as long, or 55% years, and a
third period 3 times the length of this, or 166 years;
but it is evident that we must wait for another half
century or more before the truth of these surmises can
be established beyond question. Besides these periods,
it has been thought that there exist minor periods in
the prevalence of Sun-spots, traceable to certain of the
planets, especially Venus and Jupiter.

Many theories have been broached suggestive of a
relationship between the prevalence of Sun-spots and
clouds and rainfall on the earth, but the evidence is at
present not definite enough to deserve notice here.

As regards the physical cause of Sun-spots, we know
very little. The spectroscope, whilst it has disclosed to
ug much information respecting the existence on the Sun
of various terrestrial elements, and in particular of
hydrogen gas, still leaves us very much in the dark as to
the physical cause of the'spots. It is, however, open
to no doubt that they are funnel-shaped apertures in
the Sun’s “photosphere,” as the envelope of the Sun
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which is the visible source of the light which comes to
the Earth, is termed. Above the photosphere is the
“ chromosphere,” a thin casing of self-luminous gaseous
matter in an ineandescent condition. Rising above the
chromosphere again, comes the “ corona,” a vast shell of
unknown vapours, highly attenuated, and many thousands
of miles thick, extending indeed to at least half a degree
from the visible edge of the Sun,

FIG. 10.—FACULRE ON THE SUN,

Besides the spots, certain streaks of light called fucule
are sometimes visible on the Sun towards the limbs at or
near the equator. They are of irregular form, and appear
to be elevations or corrugations in the photosphere.
Fig. 10 will serve in some degree to convey an idea ot
the visible structure of the Sun in regions where fzcule
exist.

The value of the Sun’s rays to the inhabitants of the
Earth is well pictured in the following extract :—

s N -
cuar. 1L THE SU

ate and mysterious is the relation which
How our feelings,

“ Equally delie ysteri
our bodies bear to the passing light.

SATURN

JUPITEY

: . > u r Q > 2T : - x
FIG, 11,—APPARENT DIAMETER OF THE SUN A8 BEEN FRO
DIFFERENT PLANETS NAMED.

ars ange with every change of
nd even our appearance, change wit

:he sky! When the sun shines, the blood flows freely,
and the spirits are light and buoyant. When gloom
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overspreads the heavens, dullness and sober thoughts
possess the mind. The energy is greater, the body is
actually stronger, in the bright light of day ; while the
health is manifestly promoted, digestion hastened, and
the colour made to play on the cheek, when the rays of
suushine are allowed freely to sport around us,”*

CHAPTER 1V.
THE INFERIOR PLANETS.

WE lnfv-e already seen that, as regards their relative
. bositions compared with the Earth, the planets
are dnfnded mto two classes, respectively called the
- I.nfenor Planets™ and the “ Superior Planets,” the former
being those which revolve within the Earth's orbit, and
the latter those which revolve outside it.
_ Mercury and Venus are at present the only known
inferior planets. It is an interesting question, I
Mercury the planet nearest the Sun, or are ther’e any
other planets nearer ?” No satisfactory answer can at
present be given to this question, but there are to be
found a considerable number of indications (no stronger
term seems at present permissible) that one or mzre
planets do exist within the orbit of Mercury.
The main justification of this, regarded merely as a
theory, depends upon the fact that in 18 59 a French
astronomer named Le Verrier, of whom we shall hear

' J. F. W. Johnston, Chemistry of Common Life, vol. ii. p. 403.
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more in connection with the planet Neptune, put forth a
statement that he was unable to reconcile the theory of
the orbit of Mercury with the observed facts except upon
the supposition that some disturbing influences were at
work, the nature of which was as yet unknown to astro-
nomers, He suggested, however, that an undiscovered
planet lying between Mercury and the Sun might exer-
cise such a disturbing influence as would account for the
difficulties noticed. This was not a mere random shot
on the part of Le Verrier, for he continued his investi-
gations in later years, and in 1874 reiterated his conclu-
sions, and in still more emphatic language hinted at the
cause, ““There is without doubt,” said he, *between
that planet and the Sun matter hitherto unknown. Does
it consist of one or several small planets, or of asteroids,
or even of cosmic dust? Theory cannot decide this
point.”

The evidence to support the idea of an intra- Mercurial
planet or planet presents itself in three forms:—(x) Re-
corded instances of black spots seen in motion across the
Sun, which were not Sun-spots ; (2) a partienlar black
spot seen by a Frenchman in 1859, and much discussed
under the name of the planet Vulean ; (3) observations
made in America in 1878, which, if genuine and aceurate,
evidently show that two or more intra-Mercurial planets
were seen during the darkness of the total phase of the
solar eclipse of July 29 in that year. Here the con-
troversy remains at a standstill, and no fresh materials
for throwing light upon it appear to be within reach at
present.

Two inferior planets, therefore, only are yet known,
namely, Mercury and Venus. But as the apparent mo-
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tions and phases of these two planets are the same, and
differ in principle from the apparent motions and phases
of the superior planets, it will be well to treat of these
motions in this place before describing the planets them-
selves.

The inferior planets are never visible otherwise than
near the Sun, and more or less in the twilight. They are
never seen in those parts of the heavens which are on the
meridian at midnight, or “in Opposition ™ to the Sun, to
use the proper technical expression. Twice in every revo-
lution an inferior planet is in conjunction with the Sunj it
is in infevior conjunetion when it comes between the Earth
and the Sun, and in superior conjunction when it is be-
yond the Sun from the standpoint of an observer on the
Earth, When at its greatest apparent distance from the
Sun, east or west, it is said to be at its greatest elongation,
east or west, as the case may be. At its eastern elonga~
tion the planet is an evening star ; at its western elonga-
tion it is a morning star.

The true motion of each of the inferior planets is always
in one and the same direction, that is, in the order of the
zodiacal signs as viewed from the Sun, but to us on the
Earth (a body which is itself always in motion) the appa-
rent movements of these planets will not always be either
uniform or regular, for at certain times they will appear
to be stationary, and sometimes even to retrograde or
move backwards as regards the signs of the zodiac.
When an inferior planet is in inferior conjunction it will
gometimes (though only at rare intervals) happen that it
will pass directly in front of the Sun, and be projected
on the Sun’s dise. This phenomenon constitutes a
 transit,” and is made use of, ags we shall see later on,
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for obtaining a measure of the distance of the Earth from
the Sun.

Fig. 12 represents the apparent path of Mercury
amongst the stars during an entire revolution round the
Sun in 1850. Its bizarre form is so striking that some
further explanations seem desirable, and Fig. 13 will be
necessary for making the matter clear. s is the Sun,
A BCD the orbit of an inferior planet, E¥ @ v the orbit
of the Earth, k LM ¥ the orbit of a superior planet. The
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FIG. 12,—APPARENT PATH OF MERCURY DURING A WHOLE REVOLUTION
¥ 1850,

outermost circle represents the ecliptic, on which eelestial
longitudes are reckoned, from the first point of Aries.
The symbols attached to this outermost circle are the
familiar symbols which indicate the twelve signs of the
zodiac.

To an observer on the Earth at &, the inferior planet
will be in conjunction with the Sun at B and . B will
pe the place of inferior conjunction, and v that of superior
conjunction. The places of greatest elongation are near
d and e, whence lines from the Earth to the Sun and to
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the planet respectively make the greatest possible angle
with each other. At d the direction of the planet’s mo-
tion is nearly in a line towards the Earth, whilst at e it 1s
nearly in & line away from the Earth. Accordingly to

FIG. 13, —DIAGRAM EXPLAINING THE APPARENT MOVEMENTS OF THE

PLANETS.

an observer on the Barth the planet will appear for a
brief space of time to be motionless. ~The points in
its orbit where this occurs are called its “stationary

points.”
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We have now to consider the apparent retrograde
motion of an inferior planet. With the Earth at u, let
us suppose the planet to be advancing in its orbit from
a to b, the Earth meanwhile moving to . The arc a
will be longer than the arc B ¥, becanse the nearer a
planet is to the Sun the greater its absolute velocity.
An observer at E looking at the planet at a will refer it
to the point | in the ecliptic, which in the engraving
corresponds to about the seventh degree of the sign
Sagittarius. When, however, the observer is carried
forwards to ¥, the apparent place of the planet on the
ecliptic will be 1, a point less advanced on the ecliptic
than 1. Hence it follows that during the time the Earth
has been going forwards through the space & ¥, the planet
would seem to have gone backwards from H to 1, or from
Sagittarius into Scorpio. Yet its actual course from a
to b has been forwards in the order of the signs, as would
be quite evident to an observer at s, who would regard
the motion of the planet from a to 4 as being from r to T
on the ecliptic.

This diagram further shows the radical difference in
the visible position of a planet according as it is treated,
as viewed from the Earth or as viewed from the Sun.
A planet’s place as seen from the centre of the Earth is
called its ““ geocentric ”” place ; as seen from the centre
of the Sun its “ heliocentric” place.

The phases of the inferior planets must now be con-
sidered. So far as appearances go these ave precisely
the same as those of the Moon, which will be deseribed in
a subsequent chapter. Let us consider A, B, 0, ete.
(Fig. 14), to represent Mercury and Venus in successive
parts of their orbits. Then starting from A, which is the

D
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place of superior conjunction, at B the p]smet shines with
a nearly full cirele of light. By the time it has reached
p one half of its disc only is illuminated, and one half is
dark. At ¥ nothing remains but a thin crescent of light,
which disappears altogether as the planet itself disappears
at @, which is the position of inferior conjunction. When,
however, a planet is going to perform a transit across
the Sun, which sometimes happens at inferior eonjune-
tion, though the planct is totally without illumination

A

O0—0—b

T R AR S
) 0 ()ﬁ

)\OQ 24

FIG. 14.—PHASES OF AN INFERIOR PLANET.

from the Sun, so far as we are concerned, its existence
is rendered manifest as a black ball projected on the
bright disc of the Sun.

The diagram suggests (what is indeed the fact) that the
apparent diameter of an inferior planet varies much, ac-
cording to its distance from the Earth. When more than
one-half of its disc is illuminated, the planet is in that
half of its orbit which is remote from the Earth ;
apparent size is then very much smaller than when it is
in the half of its orbit nearest to the Karth. That
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1’ufercmy and Venus exhibit a complete a[t(-nmmn of
phases is an incidental proof that their orbits are con-
tained within that of the Earth.

Mercury revolves round the Sun in 88 days, at a mean
distance of 36 millions of miles, but the eccentric ity of its
orbit being considerable (m point of fact greater than
that of any of the other major plancts), it may approach

FIG. 15, ~—VENUS NEAR ITS GREATUST ELONGATION.

to within 28% millions of miles, or recede to more than
435 millions of miles. The apparent diameter varies
between 41" in superior conjunction, and 13" in inferior
conjunction. Its real diameter is about 3000 miles.

[t has already been stated that Mercury exhibits
phases like those of the Moon. Observations of its
physical appearance are obtainable with difficulty, owing
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to the fact that it is always so near the Sun. No doubt
it rotates on its axis, but the period of its rotation is not
certainly known. It cannot, however, be rapid, because
no iluttl.:uing of the poles has been made out. A German
observer, Schriter, at the end of the last century, thought

FIG, 16.,—VENUS NEAR ITS INFERIOR CONJUNCTION,

he could sometimes see the southern horn of the planet
truncated or blunted when the planet was near its inferior
conjunction, and he suggested that the existence of a
mountain might be the cause of this, but no modern
observer has confirmed thisidea. Indeed Mercury seems
to have been almost entirvely neglected by the possessors
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of modern telescopes. Mercury usually shines with a
pale rosy hue. It seems not to have an atmosphere, and
certainly no satellite.

Venus revolves round the Sun in 224 days, at a mean
distance of about 67 millions of miles. The eccentricity
of its orbit is small, and, therefore, the distance varies
but little. The apparent diameter varies between 91"
in superior conjunction, and 62" in inferior conjunction.
The real diameter is about 7500 miles ; in other words,
this planet is nearly as large as the Earth. No polar
compression is recognizable. The phases of Venus have
already been dealt with. The brightness of this planet
is often very remarkable, and renders the serutiny of its
surface very difficult. Under certain circumstances its
brilliancy is sufficient for it to cast a sensible shadow by
night. Spots are sometimes seen, and the existence of
mountains has been inferred. It has an atmosphere
seemingly of considerable density, but no satellites. The
phases of Venus were discovered by Galileo, who com-
municated the fact to his friend Kepler in an anagram,

CHAPTER V.

THE EARTH, AND VARIOUS PHENOMENA CON-
NECTED THEREWITH.

HE Earth is in every respect a planet, standing, as
such, on the same footing as Venus or Mars, or
any other planet ; but it is obvious that, as we ourselves
are on the Earth, we cannot treat it astronomically in a
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descriptive sense, as we treat the other planets. But
though the astronomer, in that capacity, has not much o
say by way of discussing the Earth, yet there are two
other men of science who are entitled to be heard on
topies involving many semi-astronomical considerations.
The geographer studies the Earth’s surface and its division
into land and water, and into different empires, kingdoms,
and states ; while the geologist deals wit' the Earth’scrust,

FIG. 17,~—PROBABLE APPEARANCE OF THE EARTH FROM THE MOON,

and with the stones and minerals of which it is composed

At some period in its history the Earth was no doubt a
sphere, but when, under ecircumstances which the Creator
has not disclosed to us, the Earth had imparted to it a
motion of rotation on its axis, it was soon transformed
from a sphere into an oblate spheroid, the name given to
a sphere when it has become flattened at the poles. The
polar diameter of the Earth is 7899 miles. Its equatorial
diameter is 7925 miles. The difference, 26 miles, repre-
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sents the compression of the larth. This difference or
excess of the equatorial diameter, expressed as a fraction
of its entire length, gives us as the amount of the com-
pression the fraction 5. This is the way we arrive at
a measuve of the polar flattening of all the planets, when
we speak of their respective compressions as being so
and so. If we take a globe one yard in diameter to
represent the Earth, that diameter will be too long by
& inch for the true polar diameter of the Earth.

That the Earth generally is a sphere, or something like
it, is brought to our notice in various ways. Standing
on the seashore and watching a ship sailing away in the
distance, it will be seen that first of all the hull disappears,
then the lower parts of the rigging, and finally the top-
masts. Ships have sailed in a particular direction, and
keeping always more or less in the same direction, for
instance, always east or always west, the ship has arrived
round again at the port from which it started. The
curvilinear shadow cast by the Earth on the Moon during
a lunar eclipse, and the varying appearances of the con-
stellations as we travel northwards or southwards over
the Earth, are also subsidiary proofs of the spherical form
of the Earth.

The science which more especially deals with the shape
and dimensions of the Earth is called Geodesy, and the
men who make the necessary observations are land-
surveyors rather than astronomers, yet it is necessary
that they should know a good deal about astronomy, and
be able to practise it.

The way in which the dimensions of the Earth have
been arrived at may be briefly explained thus:—A sur-
veying officer, provided with some such instrument as a
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transit-theodolite, ascertains the latitude of his station,
and so finds the elevation of the pole above his horizon.
He then moves northwards or southwards in the line of
the meridian to a new station, where he takes a fresh set

FIG. 18, —TRANSIT-THEODOLITE,

of obgervations, so as to ascertain the latitude of the new
station. He also finds out by appropriate methods the
distance, measured say in miles and yards, on the surface
of the Earth between the two stations. The difference
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of the latitude in degrees, and the distance in miles, will
enable him to ascertain how many miles go to a degree.
This is found to be on an average about 6g9% British
statute miles. The process here deseribed in outline is
what is called in scientific language the measurement of
an arc of the meridian. By carrying out measurements
of this character in different latitudes, and connecting
together first of all the different measurements and then
the different results, astronomers have arrived at the
value in miles of a degree in different latitudes, and so
have discovered the exact figure of the Earth, including
the amount of the flattening at the poles.

The story of the Ordnance Survey of England (and
other civilized nations have carried out operations of the
same character) is one of extreme interest, but cannot
further be discussed here,’

The problem of ascertaining what is the diameter, cir-
cumference, and volume of the Earth is a very easy one
when once we have obtained the details mentioned above.
Knowing that the whole circumference of the ecircle is
360°, we have only to multiply 360 by 69%, and we get
the circumference in miles. Knowing the circumference
in miles, and that the circumference of every circle bears
a certain ratio (3'1416 to 1) to its diameter, we obtain
the diameter by a common division sum.

The marvellous precision which has been reached in
these matters is shown by the fact that two great astro-
nomical mathematicians, Airy and Bessel, separately

' Some general particulars, though a little out of date, will be
found in Herschels Outlines of Astronomy, whilst a popular
account of the business will be found in Col. White’s Ordnance
Swrvey of the United Kingdom,
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working at this problem, arrived at independent estimates
which only differed by 55 yards; whilst one of the
Ordnance Survey base-lines in Ireland was found by
measurement to differ only 7 inches from its calculated
length, though that extended over several miles.

To an inhabitant of the Earth (as such), who is also a
student of astronomy, certain astronomical facts will from
time to time present themselves, which, though not offer-
ing much to attract the mere idle gazer, yet involve
various matters of importance and interest to one who
wishes to dive into the secrets of the universe.

I include in the foregoing statement such matters as
the following, and I will briefly deal with some of them
so far as is consistent with the limited scope of this
volume :—

The Tides,

The Seasons.

Day and Night.

The Rotation of the Earth on its Axis.
The Measurement of Time,

The Precession of the Equinoxes.
Nutation.

The Aberration of Light.

Parallax,

Refraction.
Twilight.

Tae TipEs.

The tides of the ocean are caused by the attraction
exercised by the Sun and Moon on the water, but the
Sun’s share is small compared with the Moon’s. Fig. 19
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is intended to represent the circumstances of a lunar tide.
E is the Earth, and » the Moon. The Moon’s attraction
heaps up the waters at a, and draws them away from
and d ; it is “high water” at @, and “low water” at b
and 4. It is also high water on the side of the Earth

FIG. 19.—THE LUNAR TIDE,

opposite to @, namely at ¢. This is due to the fact that,
although the Earth attracts the Moon because the Moon
is the Earth’s satellite, yet the Moon exerts a counter pull
which affects not only the waters which, as it were, face
the Moon, but also the solid body of the Earth, drawing

FIG. 20,—THE LUNI-SOLAR TIDE,

that forwards in the direction of the arrows, and leaving
behind the waters immediately near ¢. The principle
involved in the tidal movements due to the Sun is very
much the same as that just described in the case of the
Moon. Fig. 20 will help to fix this in the mind. In this
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diagram s represents the Sun, M the Moon, ¢ a point of
high water, and d a point of low water. In this case the
Sun and the Moon pull together, and the resulting high
tide is the highest possible, and the corresponding low
tide is the lowest possible. This is the state of things
which subsists coincidently (or nearly so) with the new
Moon and full Moon ; and the tide, high or low, is called
a “spring tide.”

Fig. 21 represents a different state of things. Here
the influences of the Sun and of the Moon do not concur ;

FIG. 21.~—NEAP TIDES,

on the contrary, they operate so as in a measure to destroy
one another, and the result is only 4 small high tide and
a small low tide, so to speak. This state of things hap-
pens at the periods intermediate between new Moon and
full Moon, that is, at the quarters, and the resulting tides
are commonly and expressively spoken of as the “ short”
tides, or, sometimes, the neap tides. In the diagram a
and ¢ represent the places of high water, and 4 and &
the places of low water. Comparing Fig. 21 with Fig.
20, it will be seen that the high water of Fig. 21 is less
high, and the low water less low, than in the former case.
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The interval between two successive passages of the
Moon over the meridian of a given place, say Green-
wich, constitutes a “lunar day.” This interval averages
24 hours 50 minutes. From what has gone before it will be
understood that during such interval there occur two high
waters and two low waters, and that the sub-intervals
of these should be rather more than 6 hours each.

Up to this point in the explanation it has virtually
been assumed that the Earth is a globe wholly covered
with water, but of course such is not the case, and the
result is that the observed facts differ very much from the
theory above unfolded, the movement of the actual tidal
wave on the Farth being materially affected by the nature
of the obstructions which it meets with in the shape of
land, winds, and so on. Accordingly a statement of tide-
facts true of Ireland, which faces the open Atlantie, would
not apply to Italy, washed by the Mediterranean Sea, or
to Sweden, washed by the Baltic Sea, in which 2 seas
the tides are almost imperceptible. The influence of
the wind on the tides is often rendered conspicuously
manifest to dwellers on the banks of the Thames when a
strong easterly wind occurs coincidently with the high
water of a spring tide.

Tae SEASONS.

The Earth’s seasons depend upon the annunal motion of
the Earth round the Sun, coupled with the fact that the
Earth’s axis is not perpendicular to the plane of its orbit.
If it was, there would be no seasons at all, and the only
alternations which we should recognize would be those of
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day and night. The notion of the axial inclination Jjust
spoken of is otherwise conveyed by the phrase *the
obliquity of the ecliptic” ; which indicates the fact that
the plane of the Earth’s equator, and the plane in which
the Earth travels round the Sun, are inclined to one another
at an oblique angle.

In Fig. 22 a, 1, o, D, represents four positions of the

FIG. 22.,—THE SEASONS.

Earth in its annual orbit ; in each case P is the north
pole, and Q the south pole, the line P @ being the Earth’s
axis ; E F is the Barth’s equator, inclined about 23:° to
the plane of its orbit, that is, to the ecliptic. With the
Earth at A (summer') the north pole, P, is constantly
turned towards the Sun, that is, both by day and by
night, as we in England should say ; but at the north

! In the northern hemisphere,

CHAP. V.] THE EARTH. 47

pole itself it is all day and no night. The south pole,
Q, has at that time correspondingly no day at all; there
it is always night.' This state of things subsists during our
summer (speaking of the northern hemisphere), and attains
its maximum effect at the summer solstice (June 21).

The Sun being then at its greatest northern declination,
it is vertical (or visible exactly overhead) at all places
whose latitude is 233° north of the equator (eg., Upper
Egypt, Arabia, Central India, Caleutta, Canton, Mexico,
and Cuba). We have in England long days and short
nights, which become respectively longer and shorter the
more north we go, until, reaching the latitude 662° norih,
we arrive at the Arctic Circle, all places within which
have continuous day, and no night, for 6 months.

Now let us suppose exactly the reverse of all this,
with the Earth at ¢ ; there the north pole is constantly
turned away from the Sun, that is, both by day and by
night, as we in England should say, but towards and at
the north pole, », it is all night® and no day. The
south pole, Q, has at that time correspondingly no night
at all ; it is there always day. This state of things sub-
sists during our winter (speaking of the northern hemi-
sphere) and attains its maximum eflect at the winter
solstice (Deec. 21).

The Sun being then at its greatest southern decli-
nation, it is vertical (or visible exactly over head) at
all places whose latitude is 231" south of the equator
(Zanzibar, Madagascar, Queensland, New Caledonia, and

! This statement ignores the fact that under the circumstanzes
mentioned there is for three months 6r more a twilight, by reason
of the Sun's depressions being less than 18° below the horizon.

# The preceding footnote also applies here,
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Rio Janeiro). We in England have short days and long
nights, which become respectively shorter and longer
the more north we travel, until, reaching the latitude
66L° north, and getting within the Arctic Circle, we arrive
at places where there is no day at all ; nothing but con-
tinuous night for 6 months.

In England our longest summer day at mid-summer
has for its counterpart in length our longest winter night
at mid-winter, or Christmas time, as we may call it.
Whilst our shortest summer night has for its counterpart
our shortest winter day.

Precisely the reverse of all this occurs in Australia
and the southern hemisphere generally, where they have
Christmas in June and mid-summer in December.

At the intermediate positions of Fig. 22, namely, B
and D, corresponding to the days of the autumnal and
vernal equinoxes (September 21 and March 21), the
Sun is vertical under the equator, 0, and day is equal to
night everywhere throughout the world. In both hemi-
spheres the day and the night are each 12 hours in
length. But at B the Sun is crossing the equator, going
from north to south, under which circumstances the days
will (in the northern hemisphere) begin to shorten and
the nights to lengthen as between September 21 and
December 21.  After the latter date, the Earth having
passed through the winter solstice at ¢, the converse will
oceur, and the days will lengthen and the nights shorten
until March 21, the day of the vernal or spring
equinox. At this epoch day and night will again become
equal, as in September, but as in this case the Sun is
crossing the equator from south to north, the days will
now continue to lengthen and the nights will continue to
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shorten till June 21, when the summer solstice arrives
from which we started.

Tue PrecrssioN oF THE EQUINOXES.

In what has just been said it is assumed that the place
of each equinox remains the same from year to year, but
such ig not the case. The equinoxes move backwards
amongst the stars, that is, contrary to the order of the
signs of the zodiac, at the rate of about 1° in 70 years, or
50" of arc annually. This change is called the * preces-
sion' of the equinoxes,” because the position of either
equinox in any given year precedes (reckoning with re-
ference to the order of the signs) the position which is
occupied in the previous year.

Precession results from the revolution of the pole of
the equator round the pole of the ecliptic, which again is
due to the action of the Sun, Moon, and other planets.
This revolution involves the pole of the equator tra-
velling round the pole of the ecliptic in a circular path
at a distance of 231° measured from pole to pole. The
time occupied is no less than 25,000 years, in which
period the equinox completes an entire circuit of the
heavens. One immediate consequence of this movement
is that the pole-star for the time being will vary as the
polar point varies, and the pole-star of one epoch will not
be the pole-star of another epoch.’

! Some further allusions to this point will be found elsewhere.
(See Chap. X1, post.)
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NUTATION.

Very closely related to the phenomenon of the pre-
cession of the equinoxes is that of the *“ nutation ™ of the
Earth’s axis, which is more immediately due to the attrac-
tion of the Moon upon the spheroidal figure of the Earth.

Inasmuch as the inclination

of the Moon’s orbit to the

~J equator varies between 18:°

jJ and 284° in a period of 186

years, this is also the period

D of the inequality in the

o motion of precession which

2 - - .

% A & cona;ltltilt’t.:a lllmtahon. ‘Th‘;s

2 N wor rally means “nod-

c;}‘lfw 5 ﬁn:?'y ding,’_’ a._nd is used because

that is just the effect pro-

¥16. 23— THE NUTATION OF duced on the pole of the equa-

THE EARTH'S AXIS. tor in its endeavours to de-

scribe a circle round the pole

of the ecliptic in the 25,000 years alluded to above in

speaking of precession. The annexed engraving will help

to make this clear. Each indent is supposed to represent

186 years of time, but the diagram is not drawn to scale,

or the indents would be very much more numerous to
correspond to 25,000 years,

THE ABERRATION OF LIGHT,

The “ aberration of light ” is another phenomenon, in
virtue of which the apparent places of the stars as viewed
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from the Earth differ from their true places. It depends
conjointly on light not being propagated instantaneously,
and on the Earth being in motion. Thus it eomes about
that the rays of light emanating from a star appear to
reach us from a different direction to what they would
do were the Earth at rest.

This may be illustrated in a general way by means of
I'ig. 24. If a ball be dropped from P into the mouth of

®
?
!

&
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FIG. 24,—DIAGRAM ILLUSTRATING ABERRATION.

an inclined tube, ¢ A, and an observer stationed at the
bottom of the tube be carried along the horizontal line
from A to B at a velocity proportional to that with which
the ball descends towards the same line, the ball (if the
two movements are properly adjusted) will then travel
down the tube without striking the inside at any part.
When the observer arrives at B he will see the ball as if
it had come from @, whereas it has come from ». If the
ball be taken to represent a ray of light coming from a
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star, and A B a part of the Earth’s orbit through which
the Earth has passed in a given interval, the nature of
the displacement of the star due to the aberration of light
will be understood. Another illustration of this, often
met with, is the striking of rain-drops against the face of
a man walking quickly through a shower, notwithstanding
that the drops are falling perpendicularly, and therefore
ought to strike the top of his hat only, and not his face.
In this case the rain-drops may be taken to be rays of
light, and the man’s change of place to be the Earth’s
movement in its orbit.

We have hitherto considered aberration as a matter
affecting the stars, but it affects also planets and comets.
As, however, those bodies are themselves in motion, a
complication is imported into the matter when aberration
has to be worked out in nice detail for any astronomical
purpose requiring strict accuracy.

PARALLAX.

Parallax is another astronomical effect which depends
upon the fact that we are placed on the Earth’s surface,
and not at its centre. It is necessary to take account of
this, becanse in various astronomical calculations it is
indispensable that the positions of the Sun, Moon, and
planets must be referred to the Earth’s centre.

The nature of parallax will be understood more clearly
by referring to Fig. 25, where A represents an observer
at some point on the surface of the Earth, and £ the
Earth’s centre. A planet, 8, will appear to a spectator at
A to lie in the direction A ¢, while if it could be viewed
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ﬁ:om the Earth’s centre it would appear to lie in the
direction E B ; it is therefore seen from A, at a point in
the heavens which lies below its position regarded in
ref‘ere:nce to B. The inclination of the lines A s and & s,
that is, the angle A 8 E, which measures the displace-
ment, is called the parallax of the planet. The effect of
parallax is in all cases to depress the heavenly bodies
below the positions which they would appear to have

¥D

FIG. 25,~—DIAGRAM ILLUSTRATING PARALLAX.

could they be observed from the Earth’s centre ; that is,
it brings them nearer to the observer’s horizon,

The nearer a body is to the Earth the greater its
parallax, because the greater the angle, A 8 E, contained
between the lines A 8 and E 8 ; whilst the farther off the
body is the less its parallax, because the less the angle
contained between the lines A s and £s. For this reason
the more distant planets are affected less by parallax
than the nearer ones, whilst the fixed stars have either
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no varallax at all, or else a very small parallax, facts
which indicate their extreme remoteness.

The nature and effect of parallax may be further illus-
trated by an experiment such as is suggested in Fig. 26.
Let the reader place his finger as in the picture, and
keeping both his head and finger motionless, let him close
the left eye, and use the right eye by noting where the

FIG. 26,—EXPERIMENT TO ILLUSTRATE PARALLAX,

finger appears projected on the opposite wall of the room.
If he will then close the right eye, and use the left, he will
see that the finger appears projected on a considerably
different part of the wall, though neither head nor finger
has shifted. The appavent displacement of the finger is
due to the different direction in which it is seen from the
two different points of observation—that is, the two eyes:
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the amount of the angular displacement is the parallax of
the finger.

The term “ parallax ™ has also some other applications
in astronomy, with which, however, we need not concern
ourselves here.

REFRACTION.

The fact that the Earth is surrounded by an atmo-
sphere extending several miles above its surface gives
rise to another astronomical effect, which is called “ re-
fraction,” though in point of fact this expression belongs
quite as much to the science of optics as it does to that
of astronomy. It is an established law of optics that
when a ray of light passes from a rare to a dense medium,
it is bent from its original course more and more towards
the perpendicular as the density of the medium traversed
increases. A ray of light approaching the Earth’s surface
is continually entering denser strata of the Earth’s atmo-
sphere, so that when it reaches a spectator at the Earth’s
surface it will appear to be coming from a different
direction than the true one. In Fig. 27 E represents
the Earth, assumed to be swrrounded by two different
strata of atmosphere of different densities, though of
course in fact no definite number of strata can be in-
ferred, and they are not separated from one another by
defined lines of demarcation. Remembering this, the
reader will not be misled in considering the assumptions
which follow. Let him imagine himself in a balloon at
D, on the inner circle, one mile above the Earth’s surface ;
the density of the atmosphere there is far greater than
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at C, a point on the outer circle, say two miles above the
Earth’s surface. Suppose A to be the true place in the
heavens of a star; then a ray of light from it entering
the higher regions of the Earth’s atmosphere at ¢ will be
bent from its original course, and as it approaches the

Z

%B

FIG., 27.—THE REFRACTION OF THE EARTH'S ATMOSPHERE,

observer at o it will be more and more bent, until at o
the star’s place will appear to be not A but B, though its
real place is A. Consequently the star is raised towards
the zenith, z, by the angular distance which is represented
by A B, and which is the amount of the refraction. It is
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therefore obvious that we do mot in general see the
heavenly bodies in the positions which they really oceupy
on the celestial vault, and that when it becomes necessary
to compare strictly the place of one body with that of
another, some allowance or correction must be applied to
the apparent altitudes of each above the horizon as
measured. This correction at the horizon amounts to
fully half a degree, and thence diminishes, step by step
(but not by regular gradations), to the zenith, where it
is nal.

The correction needing to be applied for refraction at
the horizon is actually greater than the angular diameter
of both the Sun and Moon ; consequently when we see
either of these bodies apparently on the horizon it is
really below it, and would be invisible but for its being
displaced npwards by the influence of the Earth’s atmos-
phere. Thus it comes about that refraction causes the
Sun to rise sooner and set later than it would do had the
Earth no atmosphere ; and the result is that the length
of the day, reckoning from apparent sunrise to apparent
sunset, exceeds, owing to refraction, its theoretical length
by several minutes,

It is also in consequence of refraction that the shapes
of the Sunand Moon when near the horizon are distorted
as they are, the refraction not being of the same amount
at the upper part of the disc of each body as it is at the
lower part. Each object thus appears nearly oval, with
its vertical diameter less than the horizontal one. This
distortion of shape in the case of the Sun and Moon when
in the horizon is a phenomenon altogether independent of
the apparently much enlarged size of both bodies under
such circumstances, This latter is thought to be due to
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some imperfectly understood physiological cause or optical
illusion, whilst the former is a measurable matter of fact.

Twiricur,

Twilight is another phenomenon which depends upon
the atmosphere with which the Earth is surrounded. It
is due jointly to the refraction and reflection of the rays
of sunlight which reach the Earth’s surface. Immediately
after sunset, though the Sun has become invisible to an
observer on the surface of the Earth, yet it continues to
illuminate the upper strata of the air, especially the
clouds floating there, when there are any, The atmos-
pheric strata (or clouds) thus illuminated reflect to the
surface beneath them part of the light which they receive,
and thus produce after sunset and before sunrise that
half-tone of light called * twilight,” which is stronger or
weaker according as the Sun is much or but little de-
pressed below the horizon. Immediately after the Sun
has disappeared, all the clouds in its vicinity are so highly
illuminated that they reflect an amount of light scarcely
inferior to the direct light of the Sun. According, how-
ever, as the Sun sinks lower and lower, less and less of its
light reaches the upper strata of the atmosphere, and, con-
sequently, less and less of it comes to the Earth’s surface
by reflection, until at length all reflection is at an end,
and the darkness of night supervenes. What happens
before and at sunrise is simply the precise converse of
this, except that it has been suggested that twilight is
less effective in the morning than in the evening, because
there is more vapour in the lower portions of the atmos-
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phere (to aid in distributing the Sun’s rays) after sunset
than before sunrise.

It is generally assumed that twilight lasts until the Sun
has gone down 18° below the horizon, or that it begins
when the Sun before sunrise has approached to within
18° of the horizon; but this limit must not be regarded
as in all cases absolutely correct. The figures may vary
between 16° and 21°, being dependent upon the latitude,
the season of the year, and the meteorological condition of
the atmosphere.

In certain latitudes, and for a certain number of weeks,
it will happen, as a consequence of what has been stated
above, that during the whole night, so called, it will be
all twilight, and that there will be no true night what-
ever, This will be due to the fact that at no period of
the night will the Sun be as much as 18° below the
horizon. This is the state of things in the centre of
England from about May 20 to July 20.

CHAPTER VI
THE MOON.

HE Moon, as the Earth’s satellite, is naturally to us

an interesting and important object. It revolves
round the Earth in 27 days 7 hours, at a mean distance
of 237,000 miles. The eccentricity of its orbit causes this
distance to vary between 221,000 miles and 253,000 miles.
Its apparent diameter varies between 291" and 33" ; call
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it 1°, and think of it as the same as the Sun’s diameter.
The real diameter is close upon 2160 miles. No com-
pression of the poles has been detected.

The motions of the Moon are of a very complex cha-

FIG. 28.,—THE PHASES OF THE MOON.

racter, and have through all ages greatly exercised the
skill of mathematicians and astronomers. It may he said,
however, that owing to the researches of Airy, Hansen,
and Delaunay, they have been now quite mastered.

The Moon’s phases are so well known that it scems
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scarcely worth while to devote space to them ; neverthe-
less, something must be said on the subject. By the ex-
pression “ phases of the Moon,” we understand the various
shapes which its illuminated portion exhibits in the
course of its monthly journey round the Earth.

In Fig. 28 let o ¢ F H represent the orbit of the Moon
round E, the Earth, the Sun, whence the Moon derives its
light, being in the direction indicated by s. It is easy -
to understand that only one-half of the Moon’s surface
can receive light from the Sun at any given moment.
The line m », which is perpendicular to one joining the
centres of the Earth and Moon in each position of the
latter at A B C, etc., defines the hemisphere which is
visible to us who are on the Earth. If the Moon is at A
between the Sun and us, the whole of its illuminated
hemisphere is turned away from us; its limit corresponds
with the boundary suggested by the line m =, and the
Moon is invisible because it is more or less in front of the
Sun, and lost in the Sun’s rays (except on certain special
occasions when it crosses in front of the Sun, and the
phenomenon known as a total eclipse arises).! The
Moon is now in conjunction with the Sun, and the phase
is that known as “ New Moon.”

Now suppose the Moon to have advanced to B, eorres-
ponding to its position in the evening sky soon after sun-
set, and not far from our western horizon, the Moon’s
apparent motion in the heavens being from west to east.
Here the line p ¢ divides the illuminated half of the
Moon from the unilluminated half, m » remaining as
before the limit of her visible surface. In this position

1 See Chap. VIIL., post.
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go much of the illuminated hemisphere as lies between
g nis visible from the BEarth, with the result that the
Moon as a whole exhibits such a crescent as b represents.

Continuing its progress round the Earth the Moon
reaches ¢, where » ¢ and m = meet one another at right
angles. The Moon is now exactly half illuminated and
half dark ; the visible form is therefore that of a half
Moon, such as e. The Moon has now accomplished one-
fourth of her cireuit, or go° of angular measurement, and
it is said in scientific parlance to be in * Quadrature,”
or, popularly, at its * first quarter.”

The remainder of its journey round the Earth, during
which it increases up to full Moon and then diminishes
to a thin erescent again, will be as well understood by an
examination of the diagram as by a verbal description.

Although it is true as a general statement that the
Moon always exhibits the same hemisphere to us, yet
attentive observation of marks on its surface, which are
situated near the edge of its dise, will serve to prove that
there exists a periodic oscillation on either side of the
mean position. This oscillation is an optical effect which
must be described and explained.

The Moon’s motion of rotation on its axis is, of course,
uniform, but its orbit being elliptical and not circular,
its motion in its orbit is not uniform. Accordingly small
tracts of surface near its eastern and western edges alter-
nately come into view and disappear. This periodical
change is known as the ¢ Libration' in Longitude.” The
Moon’s axis is not perpendicular to the plane of her orbit,
but makes an angle with it of 834°. The effect of this is,

1 Librams, swinging.
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that the northern and southern poles lean alternately to
and from the Earth by the amount of the difference be-
tween 831° and 9o°, that is to say, 61°. To this extent,
then, when the north pole of the Moon leans towards the
Earth we look over beyond that pole, and similarly whenit

FI1G. 29,—TELESCOPIC APPEARANCE OF THE FULL MOON.

leans the contrary way we look over beyond the other,
or south pole. This periodical phenomenon is called the
“ Libration in Latitude.” By the diurnal motion of the
Earth we are carried with it round its axis, and as the
Moon continually presents the same hemisphere towards
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the Earth’s centre, whilst we regard it not f rom the centre,
but from the surface of the Barth, the heu-nsph_ere.\r}mble
to us with the Moon near our eastern horizon 1s different
from that visible when the Moon is near our western
horizon. Hence another variation in t.he v151hl.e edges ,(:f
the Moon, and which is called the Diurnal lerat.lon 3
but the amount is small, only 1°. The general effect of
these librations taken together is to enable us to see at
one time or another four-sevenths of t}le actual surface
of the moon, leaving three-sevenths which we never see.

FIG. 30.—THE LUNAR MOUNTAIN PLATO OBLIQUELY ILLUMINATED
BY THE BUN.

A naked eye view of the Moon enables us to see that
it exhibits an irregular, that is, partly bn‘ght and partly
shaded, appearance, but some optical assistance rev:aa.ls
the fact that the surface is covered with 1Ilun.1m ated points
intermixed with patches of shade, the pus‘itmn and shayze
of which vary with the different phases of the Moon_. 1\'0.
one can doubt that the bright points are Ehe summits of
mountains, and that the shaded parts are either the dt{'ect.
shadows cast by these mountains, or are deep valleys into
which the rays of the Sun do not penetrate. An attentive
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consideration of these shadows will make it abundantly
clear that they depend upon the ever-varying angles at
which the rays of the Sun strike the Moon. At the epoch
of Opposition, or full Moon, when the Sun is perpendicu-
lar, the shadows almost wholly disappear; but comparing
the time when the Moon is approaching her full phase
with the time when it is waning, it will be found that the
shadows diminish in length day by day, then disappear,
and then again increase in length, but on the reverse side,
Moreover, when the Sun is exactly opposite the Moon,

FIG, 31.—THE LUNAR MOUNTAIN PLATO AT FULL MOUN,

the outline of the Moon is cireular and its surface seem-
ingly almost smooth, whilst at other periods of the luna-
tion (as the Moon’s monthly career is termed) its limb
exhibits an irregular outline made up of elevations and
depressions. It is easy to see the reason of these diver-
sitics. That the line which separates the illuminated from
the unilluminated part should be broken and irregular is
a clear proof that the surface itself is there broken and
irregular ; otherwise, if the moon’s surface were smooth,
the line of demarcation between the illuminated and uu-
b
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illuminated part (whichline is called the * Terminator )
would be a clean, well-defined curve.

The lunar mountains here alluded to have received the
names of men eminent in science, and the heights of
upwards of 1000 of them have been measured. The
highest exceeds 20,000 feet.

Besides the mountains, there may be seen a number of
grey plaivs in the nature of steppes or prairvies. These
are spoken of as “seas,” an antiquated name which has
never been discarded, though it is now well understood
that there is no water on the Moon, and therefore no
atmosphere.

Many of the mountains ot the Moon have a very
striking appearance for this special reason. As a rule,
they are not chains of mountains like those generally met
with on the Barth, but are mostly circular areas, the onter
edge of which is a rocky annulus, while the centre is
oceupied by an elevated peak. Moreover, the bottoms
of some of these circular areas lie very much below the
general surface of the Moon, the interior depth being
often twice or three times that of the exterior height.
From these and other circumstances we conclude that the
lunar mountains arve extinct voleanoes. The propriety
of this theory will come very forcibly home to the reader
if he will compare a mountain on the Moon, or a picture
of one, with a good drawing or photograph of some such
terrestrial volcano as Teneriffe or Vesuvius.

Sir John Herschel’s remarks on this point are note-
worthy, “Decisive marks of voleanic stratification,
arising from successive deposits of ejected matter, and
evident indications of lava currents streaming outwards
in all directions, may be clearly traced with powerful
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telescopes. In Lord Rosse’s magnificent reflector the
flat bottom of the crater called Albategnius is seen to be

FIG, 32.—THE LUNAR MOUNTAIN COPERNICUS.

strawed with blocks, not visible in inferior telescopes,
while the exterior ridge of another (Aristillus) is all
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hatched over with deep gullies radiating towards its
centre.”

A phenomenon of much popular interest in connection
with the Moon is what has long been called in England
“the old Moon in the new Moon’s arms.” This is seen
for two or three days before and after new Moon, and
consists in the fact, that whilst only a narrow crescent i
brightly illuminated by the direct sunlight, the whole of
the remainder of the disc
is rendered faintly visible
by the light reflected on
to it from the Earth. The
light so reflected is indeed,
literally, Earth-shine ; but
the term  ashy-light ” is
the expression made use of
in Frenchand otherforeign
langnages. This light is
stronger when seen just
before new Moon in the
early morning than it is

FIG. 33 —SUNRISE ON PLATO, just after new Moon in

P G0, T, the evening. It has been
suggested that this difference is due to the western
part of the Moon’s visible dise being better adapted for
reflecting the Sun’s light than the eastern part, but why
this should be the case (if such is the true explanation) is
unknown. It seems doubtful whether this explanation is
a sound one.

The full Moon which falls nearest tothe autumnal equi-
nox is ealled the “ Harvest Moon.” The average east-
ward movement of the Moon being about 12° a day, its
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average time of rising will be about 50 minutes later each
succeeding night. This interval, however, is unequal at
different periods of the lunation ; it may be as much as
1 hour 16 minutes, or as little as 17 minutes. When it
is as little as 17 minutes, and the Moon is also near its
full, the smallness of the retardation will naturally attract
most attention, and this occurs with the Moon in Avies,
and the Sun in Libra, corresponding to about the time of
the autumnal equinox,

The brilliancy of the Moon has been very differently
estimated by different physicists. Zillner made it o+ sos
of the Sun. This may be taken as something like equi-
valent to the statement that the whole sky covered with
full Moons would scarcely make daylight. Investigations
have been carried out to determine the question whether
any warmth emanates from the Moon, and there appears
to be evidence in favour of the supposition, but the diffi-
culties attendant on, and the risk of error in such experi-
ments, makes one distrust the results arrived at.

No question has been more often mooted or more hotly
discussed than this: “ Does the Moon affect the weather 27
On the whole the general answer must be in the nega-
tive. It is true that the tides of the ocean are largely
dependent on the Moon ; it is also true that the fall of
rain seems sometimes to be coincident with the time of
high-water ; it is also true that clouds and mist frequently
disperse as a full Moon rises and comes to the meridian ;
but it seems impossible to carry beyond this point the
contention that the Moon influences the weather,
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CHAPTER VIL
THE SUPERIOR PLANETS.

AVING already stated in a previous chapter that

the planets are classed into inferior planets and

superior planets, and having dealt with the former, it

now remains to deal with the latter—those which circu-

late round the Sun in orbits exterior to the orbit of the
Barth.

These planets are Mars, Jupiter, Saturn, Uranus and
Neptune, together with a nondescript group of small
bodies variously termed asteroids, planetoids, or ultra-
zodiacal planets, but best described as the Minor
Planets,” which lie between Mars and Jupiter, and now
numbering about 300.

But before deseribing these planets in detail it will be
necessary to explain their apparent movements, reverting
for this purpose to one of the diagrams already given, but
reproduced here on a larger scale (Fig. 34).

The superior planets differ from the inferior planets
in one very important particular. Whilst the latter are
never very far removed from the Sun’s rays, that is to
say, must always be studied more or less in twilight, the
former at times travel so completely away from the Sun
that they may be seen exactly opposite to the Sun, that
is, on the meridian at midnight. In Fig. 34 a superior
planet moving in the orbit K L M N is in Opposition to
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the Sun when at 1, the Barth being at B. This is, of all
positions, the most favourable one for the planet to be
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FIG. 34.—DIAGRAM FOR EXPLAINING THE MOVEMENTS OF THE PLANETS,

studied by an observer on the Farth. Not only are the
Barth and the planet at their minimum distance (some-
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times expressed by saying that the planet is “in perigee”),
but the planet being on the meridian at midnight, it can
be examined telescopically for many consecutive hours
without any interruptions due to evening twilight after
sunset, or to morning twilight before sunrise.

At the point N, on the opposite side of the Sun from
the Earth, the Sun and Earth will have the same geocentric
longitude ; in other words, the planet will be in conjunc-
tion with the Sun, and not discernible for some time
(usnally many days) before and after this moment, be-
cause of the brightness of the Sun’s rays. At two points,
f» g, where the geocentric longitudes of the Sun and
planet differ by go°, the planet is said to be in * Quadra~
ture” with the Sun.

A superior planet during the greater part of the Barth’s
year appears to move in the order of the signs, but near
Opposition its motion is retrograde, whilst shortly before
Opposition it appears for a few days to be stationary.
Suppose the Earth to be at E, and the planet at 1, and
that whilst the Earth moves over the arc £ ¢ the planet
moves over the arc L 0, the Earth’s arc in a given time
being longer than the superior planet’s are, thereby
differing from what happens in the case of an inferior
planet. When at £ we should refer the planet’s position
at L to the point P in the ecliptie, corresponding in the
diagram to the beginning of the sign Cancer ; but to the
Earth at 6, the planet at 0 would seem to be at @ on the
ecliptie, in the sign Gemini, having apparently gone back
through the arc » Q. Now let us suppose that the
Larth, continuing its advance, has got to v, while the
planet has advanced from 0 to ©, we should see it on the
ecliptic at w, which is between @ and »; consequently
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since we were at ¢ the planet’s apparent conrse will have
ceased to be backwards or retrograde. and will have be-
come forwards or direct, so that at some point between
Q and W it must have appeared momentarily (that is,
practically, for a day or two) to have been without
motion, or “stationary,” to use the technical term. After
this the planet’s motion will continue direct until the
Earth has completed a large part of its annual orbit, and
is again approaching E from the opposite side.

The interval of time between two successive Conjunc-
tions or Oppositions of a superior planet, as viewed from
the Earth, is called its “synodical period.” This does not
mean that the planet has accomplished a complete
Jjourney round the heavens, but that the motions of the
Earth and the planet respectively have brought both back
into Conjunction or Opposition, as the case may be. The
actual duration of the synodical period of a superior
planet will be greater or less according as that planet is
near to or remote from the Earth. Thus it comes about
that the synodical period of Mars is 779 days, whilst that
of Neptune isonly 367 days, Mars, being so much nearer
to the Sun than Neptune, moves considerably faster than
Neptune, and therefore accomplishes a much larger
angular distance than does Neptune during the time that
the Earth is performing one revolution round the Sun, In
effect the Earth has to continue travelling for a much
longer period beyond one year in order to overtake Mars
than it has in order to overtake Neptune. The more
remote a planet is from the Sun the closer will its synodic
period approach the length of the Earth’s absolute or
sidereal period (365 days, 5 hours, 48 minutes), though it
must always somewhat exceed the latter,
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MAns.

Mars is the planet nearest to the Earth but outside it,
and, except in the matter of size, it seems to bear a closer
analogy to the Earth than does any other planet. It
revolves round the Sun in about 687 days, at a mean
distance of 141 millions of miles, which the eccentricity
of its orbit may inerease to 154 millions, or diminish to
128 millions. The apparent diameter varies between

FI1G. 35,—MARS NEAR ITS OPPOSITION.

4" in Conjunetion and 30" in Opposition, but the great
eccentricity of Mars’s orbit makes its apparent size as
seen from the Earth to vary very much at different oppo-
sitions. The real diameter is nearly 5000 miles. The
polar compression of Mars appears to be about %, but
the measurements obtained by different astronomers are
remarkably conflicting.

Mars exhibits from time to time a slight change of
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ficure in the nature of a phase. When in Opposition its
dise is round, but between Conjunction and Opposition
the dise is gibbous, and most so at Quadrature ; but even
then the illuminated part of the disc iz always con-
siderably greater than a semi-circle or half Moon. It
corresponds, in fact, to the Moon when about 11 days
old. The restricted extent of Mars’s phases is a proof
that its orbit is without that of the Ilarth, but within that

FiG. 30- -MARS IN QUADRATURE AND GIDROUS.

of Jupiter, whose maximum defalcation of light is con-
siderably less than Mars’s.

Mars’s synodic period is 780 days ; it therefore only
comes into Opposition to the Sun at intervals of rather
more than 2 years, but owing to the eccentricity of
its orbit every Opposition is not equally favourable.
The most favourable occasions for seeing Mars are when
it is in Opposition, and very near perihelion and perigee
at the same time ; this occurs only about every 15 years,
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Fig. 37 will serve to indicate why there should often be
substantial differences at different times in the apparent
brilliancy of Mars as seen from the Earth. With the
Earth at ®, and Mars at M,, Mars is in Opposition with
the two bodies at their least distance from oue another :

FIG. 37.~—FPLAN OF THE ORBITS OF THE EARTH AND MARLS,

but at £; and M, Mars isin Opposition at a time when it
is at its greatest distance from the Earth.

Mars always shines with a fiery red light, a fact which
has given rise to the distinetive name which it bears in
many languages. The telescope reveals numerous fea-
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tures of interest on it, especially diversities of surface,
due, it is supposed, to the presence of land and water.
Two tones of colour are almost always traceable, one
reddish, and the other greenish. The reddish hue was
set down by Sir John Herschel to “an ochrey tinge in
the general soil, like what the red sandstone districts on
the Earth may possibly offer to the inhabitants of Mars,
only more decided.” Though the markings on Mars will
seem to vary a little from time to time (after making due
allowance for the effect of the planet’s axial rotation),
yet it is abundantly clear that they are practi ally per-
manent, drawings made by different observers and at
widely separated epochs exhibiting the same general
features. Schiaparelli of Milan claims to have dis-
covered, in addition to the generally received main
features, numerous minute streaks, which he has called
“canals,” but astronomers are not yet satisfied unre-
servedly to accept Schiaparelli’s details, which seem to
owe their origin to that observer’s inability to reproduce
accurately in a drawing those features which his eye has
secn,

Near each of the poles of Mars white patches are
occasionally visible. As these patches decrease and
increase according as the rays of the Sun fall more
directly or less directly on the planet, it seems reason-
able to ascribe them to the existence of vast fields of
polar ice and snow.

Spots are occasionally seen on Mars, and some of
these have enabled astronomers to determine that the
planet rotates on it axis in about 241 hours. Mars has
an atmosphere, but seemingly it is of no great density.,

Two satellites, respectively named Deimos and Phobos,
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accompany Mars ; they are extremely minute, and were
only discovered as recently as 1877. Iiven now there
are not many telescopes in existence which will show
them.

Tue Mizxor PLANETS.

In 1766 a German named Titius, at Wittenberg, dis-
covered a singular law respecting the relative distances
of the older planets. A Berlin astronomer named Bode
got hold of it, and published it in 1772 as his own,

Take the numbers—

o, ’5' b! 12, 24, "!'8' 96‘ 192.‘ 384"

cach of which (except the second) is double the pre-
ceding ; adding 4 to each of these numbers we obtain—

4, 7, 10, 16, 28, 52, 100, 196, 388.

Certain of these new numbers approximately represent
the distance of Mercury, Venus, the Earth, Mars, Jupiter,
and Saturn, the radius of the Earth’s.orbit being taken
at 10. Bode, studying these figures, and noticing that
there was no planet corresponding to 28 and 196, pre-
dicted that new planets would sooner or later be found,
and, true enough, the discovery of Uranus in 1781, at a
distance of 191, and of Ceres in 1801, at a distance of
27, responded to Bode’s expectations.'

These plancts are planets in all essential respects,

! It seems not improbable that the publication of Bode's Law
may have inspired the astronomers of the period to have con-
templated a search for mew planets, but it does not seem possible
to assert this as a fact.
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according to the usual technical definition of the term,
but they diflfer from all the other planets in regard to
their size, and the inclinations and eccentricities of their

FiG. 33.'—'303'3 OF MINOR PLANETS BETWEEN MARS AND JUPITER.

orbits,. The largest of them is probably not more than
200 miles in diameter, whilst the smaller of them possess
diameters of probably no more than two or three dozen
miles, Whereas the orbits of all the major planets iie
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within the limits of the ecliptic, several of the minor
planets wander far beyond those limits. Moreover, some
of the orbits are very eccentric; that is, depart very
much from the nearly circular form affected by the major
planets. The brightest of these little planets is Vesta,
which is sometimes as bright as a 6th magnitude star,
and just perceptible to the naked eye. Pallus and
Ceres ave, at their best, like 7th magnitnde stars ; Juno
resembles an 8th magnitude, whilst all the rest are
very much smaller. It would, indeed, seem that no more

FIG. 39 —LIAGEAM ILLUSTRATING THE INCLINATIONS OF THE ORBITS
OF THE FIRST 4 MINOR PLANETS,

planets as bright as 12th magnitude stars remain to
be discovered. It was for a while thought, when ouly a
few of these objects had been found, that those few were
fragments of some one large planet which had been
broken in pieces by some great catastrophe of nature ;
but this theory, plausible once, is now no longer tenable.
It need hardly be added, after what has just been said,
that these plancts ave not of the slightest intrinsic interest
to the telescopist, and the search for more of them is
much to be deprecated.
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JUPITER.

Jupiter is the largest of the planets, and, with the ex-
ception of Venus, is the brightest. Under certain circum-
stances it falls very little short indeed of Venus in point
of brilliancy. Ttrevolves round the Sun in 113 years, at

FIG. 40.—JUPITER, MARCH 7, 1873.

a mean distance of 483 millions of miles. The eccentricity

of its orbit causes this distance to vary between 506 and

and 460 millions of miles. The apparent diameter of

the planet varies between 50" in Opposition and 30" in

Conjunction. The real diameter is about 88,000 miles.
&
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The polar compression of Jupiter is very marked, and
amounts to ;%. Jupiter is subject to a slight phase, but
even when the defalcation of light is at its maximum,
namely, when the planet is in either Quadrature, it is only
just perceptible in the form of a slight shading off of the
limb farthest from the Sun, The principal telescopic
feature of Jupiter is its “belts.” These are dusky or
shaded streaks of varying breadth and number, and lying
more or less parallel to the planet’s equator. Sometimes
two or three broad belts ave seen, with or without some
narrower ones ; somefimes all the belts may properly be
described as narrow. They seldom remain long absolutely
unchanged, yet the changes are not always very rapid.
Whilst no belt is visible as a rule immediately under the
equator, well-marked belts are often to be found on either
side of the equator. Perhaps it may be said that gene-
rally towards the poles the belts are much narrower,
whilst at the poles the shading becomes more solid and
less streaky, and otherwise more pronounced than it is
anywhere else. Sometimes belts are seen lying across
the planet in an oblique direction, but these are rare,

Dark spots are occasionally visible on the planet, and
from some of these it has been inferred that Jupiter
rotates on its axis in about 9 hours 55 minutes. More
rare than dark spots are bright spots, But the most
celebrated of Jupiter's spots is that known as the * Great
Red Spot,” which was especially visible as such between
1878 and 1882. In the autumn of the latter year it
began to fade, and little more than, if as much as, its
colourless outline can now be detected.

The physical nature both of the dark spots and of the
bright spots on Jupiter cannot be with any real certainty
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explained. Tt is, however, generally thought that whilst
the belts represent portions of the solid body of the
plavet rendered visible by rifts in an atmosphere, the
spots, dark ones and bright ones alike, are masses of
matter projecting above the general surface of the planet’s
atmosphere.  Both kinds of spots exhibit more or less a
circular outline,

It seems not unlikely that Jupiter must be regarded
as occupying an exceptional position amongst the major
planets. Besides shining, as do the other planets, by light
reflected from the Sun, it has been thought that this
planet possesses some inherent luminosity of its own.
Moreover, it has been averred that an identity in point
of time exists between the prevalence of spots on the
Sun and of spots on Jupiter, and that both depend upon
some extraneous cosmical influence. Some evidence
appears to exist to support this theory, but it awaits
future and more decisive proof.

Jupiter possesses five satellites, four of them discovered
by Galileo in 1610, the fifth, which is the nearest of all,
in America in 1892, This last-named is so minute that
there are few telescopes powerful enough to show it.
Galileo’s satellites shine as stars of the 6th or 7th magni-
tudes, but, except under very rare circumstances, are not
distinguishable by the naked eye. The four old satel-
lites, which are designated by Roman numerals according
to their distance from their primary, as L, 11, 111, IV.,
need, however, very little optical assistance, and their
various configurations around, and in front of, and be-
hind the planet, furnish an endless variety of interesting
phenomena for small telescopes. In Fig. 41 these
gatellites are represented as two on each side of their
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primary, but sometimes all four are on one side. Some-
times only three, or only two, are visible ; more rarely
only one, and on very rare occasions indeed none at all,
This condition of things eontemplates not so much a

FIG. 41.—-JUPITER AND ITS SATELLITES,

literal invisibility of the satellites as their absence from
the field of the telescope ; for when no satellites are visible
in the field it will be because some of them are passing

F1G. 42.—JUPITER APPALENTLY WITHOUT SATELLITES, AUG. 21, 1867.

across in front of the planet, while the others are, perhaps,
occulted behind the planet, or are suffering eclipse in the
planet’s shadow. These several phenomena are all con-
stantly taking place, and greatly intensify the interest
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which the possessor of a small telescope will derive from
giving his attention to the planet Jupiter.

Under these circumstances, perhaps, these phenomena
deserve a little more description in detail. Jupiter, being
an opaque body, casts a shadow into space, and, therefore,
obviously its satellites will frequently pass into this
shadow in travelling round their primary. Fig. 43 will

R

FIG. 43~—TIHE MOVEMENTS OF JUPITER'S SATELLITES.

assist in making the movements of Jupiter's satellites
more intelligible. Tet s represent the Sun; E ¥ ¢ a
portion of the Earth’s orbit ; 3 Jupiter casting a black
shadow into space; and i r & the orbit of one of its
satellites.  An observer on the Earth at & will see the
satellite moy itl_!_“‘ in the direction of the arrows, and enter
the shadow at ¢ ; it will be invisible, because eclipsed,
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during its passage from 7 to e, at which point, emerging
from the shadow, it will again become visible to the
observer at B. The point ¢ is called the point of “im-
mersion,” and the point e that of “emersion,” with respect
to the shadow. When the Earth is at &, that is, before
Jupiter comes into Opposition with the Sun, both the
points named lie some distance away from the planet on
its western side. Under such circumstances the immer-
sions and emersions of both the exterior satellites (11T, and
IV.) can be observed. But satellites I. and 11, revolve
at such short distances from their primary, that either
their immersions or their emersions, as the case may be,
are always invisible, owing to the planet itself being
between them and the Earth,

Let us further suppose that the satellite in the figure
continues its course, after emersion, at e towards » ; it will
be visible until it reaches &, but no farther. A line
drawn from the Earth to the planet, and prolonged to the
satellite’s orbit, cuts that at & There the satellite dis-
appears behind the solid body of Jupiter, and thence-
forwards it remains invisible until it arrives at », where
a line joining the Earth and satellite touches the opposite
side of the planet’s disc, and the satellite reappears. This
phenomenon taken as a whole constitutes what is called
an “ Occultation.”

As the Earth advances from £ towards Opposition at
G, the point of emersion, e, after an eclipse, will fall
nearer and nearer to the disc of Jupiter. When the
Earth arrives at ¥, the edge of the shadow where it is
crossed by the satellite’s orbit will coincide with the limb
of the planet, and for some time after this only immersions
can be observed, At Opposition, the Earth being at 6 in
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the line of the shadow (which will be a prolongation of
the straight line s & ¥), all eclipses will oceur while the
satellites are behind the planet, and, therefore, occulta-
tions only will be visible to an observer on the Earth.

The above explanation applies only from the time that
J upiter comes into view before sunrise after Conjunction
with the Sun until it reaches Opposition, or while the
Earth is moving from E towards G, to the west of the line
joining s and 3. But after this, as the Eart._h advances
through B towards 1, that is to say, as Jupiter, having
passed Opposition, begins to close in with !;he Sun, the
eclipses and oceultation will oceur under circumstances
the reverse of those set forth above. Moreover, as seen
from 1, the occultations will precede the eclipses instead
of following them, as they did when seen from E.

There yet remain for consideration two other phe-
nomena of considerable interest in connection with
Jupiter’s satellites. 1t will not be difficult to under-
stand that since these bodies sometimes pass exactly be-
hind their primary, and suffer occultation or eclipse, so
also they may be expected from time to time to pass in
front of their primary. Thus doing, they perform what are
called  transits ™ across the planet’s disc. Moreover the
satellites being solid bodies, they themselves cast shadows
into space, which reach to a distance greater than the
distance which separates such satellite from the actual
surface of Jupiter. Hence, then, we have a transit of the
shadow of a satellite as a fourth phenomenon.

When a satellite is thus crossing the dise, sometimes it
appears brighter and sometimes darker than the planet’s
background behind it. This is often merely an effect of
contrast, yet there are grounds for thinking that the
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satellites themselves sometimes exhibit shadings and
changes of shadings which are real and are not optical

FIG. 44 —THE THIRD SATELLITE FIG. 45.—THE THIRD SATELLITE
OF JUPITER, AUG, 26, 1855, OF JUPITER, AUG. 27, 1855,

illusions, The shadow of a satellite may be said to be
always black, or blackish. On a few oceasions, and

F1aG. _15.—-.][,‘!’11‘!5]{ WITH THE SHADOW OF A SATELLITE TRANSITING
ITS DIsC.

under circumstances not hitherto explained, a secondary
or duplicate shadow has been noticed.
To the entrance of a satellite, and also of a shadow on

omar, viy] THE SUPERIOR PLANETS. 89

to the disc, the term * ingress ” is applied, the departure
of both off the opposite side of the disc being called an
“egress.”

For observations of transit phenomena a telescope of
greater power is required than for observations of eclipses
and oceultations.

Observations of eclipses of Jupiter’s satellites can be
used for the approximate determination of terrestrial
longitudes. Such an eclipse may be said to ocenr at
absolutely the same moment of time to every place on
the Earth’s surface which has Jupiter in sight. If then
calenlations in an almanack published beforehand should
state when an eclipse will take place under the meridian
of Greenwich, the time at which such an eclipse is observed
to take place under a different meridian (expressed in local
time) is a measure of the difference of the longitude of
the two meridians. Unfortunately, however, the existing
tables of Jupiter’s satellites are not good enough to
enable the eclipses to be predicted with that precise
aceuracy which is desivable. Likewise the light of a
satellite does not disappear in the shadow and reappear
out of it instantaneously. Hence the observed times of
a disappearance and reappearance will vary with the
power of the telescope employed. Thus it comes about
that this method of determining terrestrial longitudes is
less valuable in practice than in theory,

In the year 1675 a Danish astronomer named Rémer,
at that time resident in France, computed a table of the
eclipses of Jupiter’s satellites for a year in advance. Ie
then proceeded to test his calculations by observations of
the eclipses as they occurred. At the commencement of
his observations the Earth was, we will say, at @ (Fig. 43),
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that is, with the planet in Opposition, which was also of
course perigee. As the Iarth moved towards m and 1,
and so on round to the opposite side of the Sun, thereby
bringing Jupiter into Conjunction, Rémer found that the
eclipses occurred later and later, until the discrepancy
reached 16 minutes. After this, with the Earth pro-
ceeding round its orbit so as to arrive at the place where
another Opposition occurred, the discrepancy gradually
became less and less, until the observed times again
agreed exactly with the computed times. Roémer even-
tually came to the conclusion that the discrepancies which
he observed were due simply to the fact that light from
Jupiter’s satellites did not travel instantaneously through
space, but required a measurable time to traverse the
additional distance (namely, the whole diameter of the
Earth’s orbit) which it had to pass over, according as the
Earth was near Jupiter when the latter was in Opposition,
or remote from Jupiter when the latter was in Conjunc-
tion. Rémer’s calculations resulted in an estimate of the
velocity of light from which modern caleulations differ by
an amount which is very unimportant. The newest de-
termination of this velocity is about 187,000 miles per
second.

SATURN.

Saturn, though inferior to Jupiter in size, is by far
the most beautiful of the planets. It revolves round
the Sun in 294 years, at a mean distance of 886 millions
of miles, which the eccentricity of its orbit may increase
to 931 millions, or diminish to 841 millions. Its apparent
diameter varies between 15" in Conjunction, and 20" in
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Opposition.  Its real (equatorial) diameter may be taken
at 75,000 miles. Its polar compression is larger than

SATURN IN 1851.

FIG. 47

that of any other planet, Jupiter not even excepted ;
but it is wsually not so noticeable as Jupiter’s, because
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the ring distracts the eye, and so spoils the judgment,
The greater distance of Saturn compared with Jupiter
results in its having no perceptible phase. A ecurious
idea was once advanced by Sir W, Herschel, that the
visible form of Saturn was neither that of a sphere nor
of an oblate spheroid, but that it resembled a parallelo-

FIG. 48.—BATURN IN 1856 (DE LA RUE).

gram with the corners rounded off, leaving both the
equatorial and the polar regions flatter than they would
be in the case of a true spheroid. Modern measures of
Saturn, executed with extreme care, have shown that
Sir W. Herschel's eye or telescope must have been at
fault, strange though it may sound to say so.

Saturn has belts, probably analogous in character to
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those of Jupiter, but much fainter. They exhibit at
times a sensible curvature, whilst those of Jupiter are
fuirly straight. Hence the conclusion that if Saturn’s
belts are parallel to its equator, which is no doubt the
case, then that equator must be inclived at a rather con-
siderable angle to the ecliptic. Sometimes, but very
rarvely, spots are seen on Saturn. By observations of
these, and of changes in the belts, it has been inferred

FIG. 45.—3ATUBN WITH ITS RING INVISIELE.

that Saturn rotates on its axis in about 10} hours. It is
uncertain whether Saturn has any atmosphere.

The history of the progress of our knowledge ‘nf this
planet, since the day when Galileo b]‘uught,. his first
telescope to bear on it, is extremely interesting. ’l‘]l.(!
tale deserves to be told at length, but space for that 18
wanting here. Galileo’s first examination disclosed the
planet as having an oval cutline, which he :15:‘511111‘(-.(1 to
be due to the joint effect of one central disc, having a
gmaller one on either side. After a while the two sup-




94 ASTRONOMY. [cmar. viL.

posed companions seemed steadily to diminish in size and
then to disappear. Subsequently they I'C:l.l)]lf?:ll‘(.'ll, alud
came to be regarded as the handles (ms,\-m).({{ the prin-
cipal globe, though why they should ho._ \:lEiblL‘ at unn.
time and not at another could not be divined. It was
not till about 50 years after Galileo’s first observations
that another astronomer, a Dutchman named Huygens,
discovered and announced that Saturn was surrounded

JITH TS RIN IVISIBLE, BUT THE SHADOW
FIG, 50,—SATURN WITH ITS RING INVISIBLE, BUT TH
THEREOF VISIBLE,

by a slender flat rine, which nowhere touched the planet,
lin.vin{_r oot this idea fixed in his head, he predicted 1.|1:.l.t
in 1661 the rings would disappear, and the planet again
present a circular outline. Next followed further dis-
coveries as to the ring. In 1675 Cassini ascertained that
Huygens’s single ring was in reality made up of a pair

i : : there are indeed several
of rings, and we now know that there are | s

rings.
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At this point it seems worth while to remark that some
evidence exists in two entirely different quarters which
tends to show that the ancients possessed soi®e clue to
the existence of a ring round Saturn. The Assyrian
deity, which corresponds. to the Chronos of the. Greeks,
or the Saturn of the Romans, is represented in some of
the Assyrian monuments encircled by a perfect ring.
And again, Sani, supposed to be the Saturn of the

FIG, 51.-—SATURN WITH THE EDGE OF THE RING VISIDLE AS A

BROKEN LINE.

ITindoos, has been found represented with a cirele around
him, formed by the intertwining of two serpents. As
regards the possibility of the Assyrians having any
knowledge of Saturn’s ring, it is to be remembered that
Sir A. H. Layard thought he had found proofs that that
people knew of the properties of lenses, and therefore,
perhaps, might have possessed crude telescopes.

Besides the bright rings, which are the well-recognized
characteristic of Saturn, there exists inside the innermost
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of these a shaded or dusky ring, which is semi-transparent,
and is sometimes spoken of as the crape ring.

The phuses of Saturn’s rings will be best underafood by
some diagrams. Their actual form is, no doubt, circular,
but we on the Earth always see them foreshortened more or
lese. Saturn, of course, revolves round the Sun in thoe
ecliptic, and in an orbit inclined thereto at an angle of 255
but the plane of the rings is inclined 287, and these diver-

FIG. 52.—PHASES OF SATURN'S RING.

gences will affect the appearance of the rings as seen
from the Earth at different periods during the 29} years
which constitute the sidereal period of Saturn.

In the annexed diagram s represents the Sun, T the
Barth and its orbit, and A B 0 various positions of Saturn
in its orbit. When Saturn is at A, the 18th degree of
Virgo, and the place of the ascending node, (so called
because the Earth there ascends from beneath the‘plnne
of the rings to their northern side), the Sun is in the
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plane of the ring, and therefore only shines on its edge,
which becomes nearly or quite invisible, according to
circumstances,

As Saturn advances in its orbit round the Sun, more
and more of the northern side of the ring comes into
view ; it widens out until the planet arrives at ¢, which
point is distant 9o°, or one-fourth of the circumference
of the orbit from A. Here the ring is seen opened out to
the widest extent that is possible, so far as the Barth is
concerned. After passing ¢ the planet descends upon
the ecliptic towards &, the place of the descending node.
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FIG, 53.—SUCCESSIVE APPEARANCES OF SATURN DURING 29; YEARS,

As this is approached we see less and less of the northern
surface, until the whole of it is lost at E, corresponding
to the 18th degree of Pisces. The Sun is now again
in the plain of the ring, which is first seen edgeways,
and then not seen at all. As Saturn continues to move
forwards the southern side of the ring comes into view 3
more and more of this side becomes visible until at ¢ the
ring becomes opened out to its widest extent as regards
the Barth, because the Earth is then depressed 28° below
the plane of the ring.  From this point the ring begins
to close in, until, reaching 4, 291 years after it was
H
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previously there, the planet completes a whole revolution
round the Sun.

The several successive appearances of the ring during
those 291 years, as seen in a telescope, are represented in
the annexed series of skeleton diagrams [sce Fig. 53], the
letters of which correspond with the letters in Fig. s2.

It may here be added that the ring is most open, and
therefore best seen, when the planet is in Gemini and
Sagittarius, and invisible when the planet is in Virgo and
Pisces. When passing from Virgo to Pisces the northern
side is turned towards the Earth, and when passing from
Pisces to Virgo the southern side. Iach side remains in
view for about 143 years,

The account of the phases of the ring given above must
be considered as only in the nature of a general statement,
because the motion of the Earth in its orbit introduces
some complications into the matter as regards the ring;
and we on the Earth see certain things—appearances, dis-
appearances, and reappearances—which would not be seen
by an observer on the Sun.

‘When speaking of the Saturnian system as a whale, it
is not unusual to speak of the rings collectively as * the
ring ”; but in order to distinguish one ring from another,
astronomers, accepting a suggestion of O. Struve’s,
designate the outer bright ring as A, the inner bright
ring as B, the dusky ring being C. The interesting
features which present themselves in connection with
these rings are far too numerous to be dealt with at length
in such a work as the present. Suffice it then to say, that
the rings are not concentric with the ball; they are
sensibly brighter than the planet ; and B is brighter than
A. Sir J. Herschel estimated the thickness of the rings
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FIG. 54.—PHASES OF SATURN'S RING AT SPECIFIED DATES.
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at not more than 250 miles, but G. P. Bond suggested
that this was far too much, and that a thickness of 40
miles was the utmost that should be assigned. Peirce
thought there were grounds for supposing that the 1'1115{5
were in a fluid condition, but the opinion now most in

FIG. 55.~—SATURN'S RINGS SBEEN IN PLAN.

favour is that they are made up of myriads of small
satellites in a condition of dense aggregation.

Saturn is attended by 8 satellites, 7 of them moving
in orbits nearly coincident with the plane of the rings,
the 8th (which is the outermost) being inclined about
12° to that planes, One of the satellites (Titan, the
6th in order of distance from the planet) shines as a star
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of the 8th magnitude. The outermost (Lapetus) resem-
bles a gth magnitude star, but all the others are much
smaller.

To an observer on Saturn the rings must furnish a
spectacle of great beauty, and the 8 satellites help of
course to afford light to the planet, though the space
occupied by them is no more than about six times the area
of the Moon,

UraNUs AND NEPTUNE.

These two modern planets may be taken together,
because the history of the discovery of one has a consider-
able bearing on that of the other ; whilst as telescopic
objeets neither has any interest for the ordinary amateur
working with a small telescope.

On March 13, 1781, Sir W. Herschel, whilst ex-
amining some small stars in Gemini, noticed something
unusual about one of them, which he quickly assured
himself was an ohject not of a stellar character ; he
soon found that it was moving, and having ascertained
this fact, he publicly announced that he had dis-
covered a new comet. Observations prolonged for some
weeks showed that the new body was not moving in
a parabolie orbit, or in an elongated ellipse, as did prac-
tically all the comets known up to that time, but that its
orbit was nearly circular, and in truth that it was a planet.
Inquiries as to old observations of stars showed that the
new planet had been seen and recorded as a star on
no less than 20 occasions before the date of Sir W,
Herschel’s first observation, but none of those who had
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previously seen it had been fortunate enough to detect its
motion, and therefore its planetary character.

Uranus revolves round the Sun in 84 of our years,
at a mean distance of nearly 1800 millions of miles. Its
apparent diameter, as seen from the Earth, varies but
little, being on an average about 34" The real diameter
is about 31,000 miles. A compression of the poles has
been noticed by some observers, but not by others. The
discrepancies which exist as to this may perhaps be ex-
plained by the fact that, owing to the peculiar inclination
of the planet’s axis, we do not always see its equator
exactly in profile.

The dise of Uranus is thought to have generally a
oluish tinge, and belts have been more than suspected.
Uranus is attended by 4 extremely minute satellites,
revolying round their primary in a retrograde direction,
in orbits lying nearly perpendicular to the planet’s
ecliptic.

Observations of the movements of Uranus during the
50 years subsequent to its discovery, revealed systematic
discordances in those movements, which entirely baffled
astronomers in their endeavours to determine exactly the
planet’s orbit. The conclusion was eventually arrived at
that there existed some unknown planet exterior to
Uranus, which attracted it, and disturbed the regularity
of its orbit. In 1843 a Cambridge student of the name
of Adams resolved to investigate the orbit of Uranus
with the view of ascertaining whether he could do any-
thing which might lead to the discovery of the suspected
planet. He came to the conclusion that there really was
such a planet, and in October, 1845, he transmitted to
Sir G. B. Airy, then Astronomer Royal, a statement

=, e
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respecting the probable elements of the suspected planet,
and the quarter of the heavens in which it would be
likely to be found. Unknown to Adams, a Frenchman
named Le Verrier took up the same matter in very much
the same way, and arrived at the same conclusion. Le
Verrier’s printed statement reached Airy in June, 1846,
and, finding how closely its conclusions agreed with those
of Adams, he took steps for causing a large telescope at
Cambridge to be employed in searching for the unknown
planet.

It was seen on August 4 and on August 12, but
its planetary nature was not suspected until September 29.
While matters were thus advancing at Cambridge, Le
Verrier was pushing on with his researches, still in
ignorance of Adams’s labours. On September 23, 1846,
a letter was received by Encke at Berlin, requesting
that the telescope of the Berlin Observatory might be
divected to a certain part of the heavens which Le
Verrier indicated as the probable position of the planet.
This was at once done, and the planet was seen that
self-same evening, though its planetary nature was not
established until the following evening.

It will not be wondered at that an international con-
troversy of great bitterness sprung out of these events.
A fair summing up of the facts will result in the honours
of the discovery as a whole being equally divided between
Adams and Le Verrier. It is, however, abundantly
clear upon the facts, that absolute priority would have
been secured for Adams if Airy had acted with prompti-
tude, and had turned to proper account the information
as to the probable elements of the suspected planet which
Adams had placed at his disposal as far back as October,

|
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1845. It must be confessed, however, that Airy seems
not to have had confidence in Adams, or otherwise he
would not have been go unfair as to have ignored his sug-
gestions for so long a time. The planet being found, the
next question of controversy was the name to be given to
it. Many names were suggested, but after a while that
of Neptune met with general acceptance.

Neptune revolves round the Sun in 164 years, at a mean
distance of 2791 millions of miles. Its average apparent
diameter is no more than 23", TIts true diameter is about
37,000 miles, or rather more than that of Uranus. No
polar ecompression is perceptible, nor are any spots or belts
visible. There seems, however, some reason to suppose
that Neptune revolves on its axis in about 8 hours.

Neptune has one very minute satellite, but a second
has been suspected. The one revolves round its primary
in a retrograde direction, just as the satellites of Uranus
do.

The question has often been mooted, *“ Does there exist
any planet revolving round the Sun outside the orbit of
Neptune ?” There are some slight grounds for answering
this question in the affirmative, but whether astronomers
will ever succeed in finding a Trans-Neptunian planet is
another matter,

Sir Henry Holland, the celebrated physician, and a
devoted student of astronomy, has left on record an in-
cident in his life connected with the planet Neptune of
singular interest. I give it here, and in his own words,
because it is searcely likely otherwise to fall under the
notice of astronomical readers.  After stating that his in-
terest in astronomy had led him to take advantage of all
opportunities of visiting foreign observatories, he says :—

g4
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“Some of these opportunities indeed, arising out of
my visits to observatories both in Europe and America,
have been remarkable enough to warrant a more parti-
cular mention of them. That which most strongly clings
to my memory is an evening I passed with Encke and
Galle in the Observatory at Berlin, some 10 or 12
days after the discovery of the planet Neptune on this
very spot ; and when every night’s observations of its
motions had still an especial value in denoting the
elements of its orbit. I had casually heard of the dis-
covery at Bremen, and lost no time in hurrying on to
Berlin. The night in question was one of floating elouds,
graually growing into cumuli ; and hour after hour passed
away without sight of the planet which had just come to
our knowledge by so wonderful a method of predictive
research. Frustrated in this main point, it was some
compensation to stay and converse with Encke in his
own observatory, one signalized by so many discoveries,
the stillness and darkness of the place broken only by the
solemn ticking of the astronomical clock, which, as the
unfailing interpreter of the celestial times and motions,
has a sort of living existence to the astronomer. Among
other things discussed while thus sitting together in a
sort of tremulous impatience, was the name to be given
to the new planet. Encke told me he had thought of
¢ Vulean, but deemed it right to remit the choice to
Le Verrier, then supposed the sole indicator of the planet
and its place in the heavens; adding that he expected
Le Verrier’s answer by the first post. Not an hour had
elapsed before a knock at the door of the observatory
announced the letter expected. Encke read it alond ;
and, coming to the passage where Le Verrier proposed
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the name of * Neptune,’ exclaimed, * So lass den Namen
Neptun sein.’ Tt was a midnight scene not easily to be
forgotten. A royal baptism, with its long array of titles,
would ill compare with this simple naming of the remote
and solitary planet thus wonderfully discovered. There
is no place, indeed, where the grandeur and wild ambi-
tions of the world are so thoroughly rebuked and dwarfed
into littleness, as in the astronomical observatory. Asa
practical illustration of this remark, T would add that my
own knowledge of astronomers—those who have worked
themselves with the telescope—has shown them to be
generally men of tranquil temperament, and less dis-
turbed than others by worldly affairs, or by the quarrels
incident even to scientific research. 1 may mention as
instances oceurring to me at the moment, the two Her-
schels, Encke, Bessel, Piazzi, and Bond. Other examples
might readily be supplied.”*

CHAPTER VIIL
ECLIPSES, TRANSITS, AND OCCULTATIONS.

E are now going to consider certain astronomical
phenomena of considerable intrinsic interest to
the general public, which, bearing various names, and
depending in all cases on causes in some degree slightly
different, yet bear to one another such a family like-

v Recollections of Past Life, 2ud ed., p. 298.
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ness that it is convenient to link them together in one
chapter,

In order clearly to grasp the general principles in-
volved in these phenomena, certain facts must be stated
and accepted by the reader which cannot be conveniently
dwelt upon in this particular place.

The Moon, in its monthly journey round the Earth,
travels through the signs of the zodiac, pursuing an orbit
which does not lie precisely in the same plane as the
Earth’s orbit, but is inclined thereto at an angle of about
5° Hence it results that there are two points where the
Moon’s path cuts the ecliptic when it crosses from one
side to the other. These are called the “ Nodes,” and an
imaginary line joining these points is termed the * Line of
Nodes.” When the Moon is crossing the ecliptic from
south to north it is crossing through the “ Ascending
Node,” the point on the opposite side of its orbit where
the Moon passes from the north to the south side of the
ecliptic being the ©“ Descending Node.” When the Moon
is in Conjunction, or * New,” it is in that part of the
heavens which will put it nearly or quite in a straight
line between the centre of the Earth and the centre of the
Sun. When it is only in a nearly straight line nothing,
as a rule, happens (so far as our present purpose is con-
cerned), but when by reason of the Moon being at or near
one of its nodes some part, however small, of the Moon’s
body passes through the straight line joining the centre
of the Earth and the centre of the Sun, that portion of the
Moon’s body, be it small or great, will to an observer at
the centre of the Earth be projected on some part of the
Sun’s body. Thus will arise an eelipse of the Sun, so far
as the principle of an eclipse is concerned. Inasmuch,
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however, as nobody lives in the centre of the Earth, but
all observations of such phenomena have to be made
from some or other point on the surface of the Earth,
things are not practically quite so simple as suggested
above.

The Moon when in a line with the Earth and the Sun so
far as its longitude is concerned, may (its orbit being in-
clined) have a latitude several degrees north or south of
the Sun’s place, and the Sun may thus escape being
covered by any part of the Moon. And this indeed is
what happens most months in the year. Once in every
month the Moon’s longitude is 0° because onece in
every month the Moon passes through its position of
Conjunction with the Sun ; but it is only at intervals of
several or many months (dependent upon conditions rather
too complex to be explained here) that the Moon passes
through Conjunction and either through a node with no
latitude at all, or near a node with so small a latitude, as
to impinge upon the Sun’s dise,

Now we will consider the complementary phenomenon
of an eclipse of the Moon. The Earth being an opaque
body, it necessarily casts a shadow into space. When the
Moon is in Opposition or * Full,” it will be in that part of
the heavens which will put it nearly or quite in a straight
line between the centre of the Sun and the centre of the
Larth, and so running through the axis, as it were, of the
Earth’s shadow outwards into space. When the Moon is
only in nearly a straight line nothing, as a rule, happens
(so far as our present purpose is concerned), but when by
reason of the Moon being at or near one of its nodes some
part, however small, of the Moon’s body passes through
the Earth’s shadow, that portion of the Moon’s body, be it
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great or small, will to an observer at the centre of the
Earth be robbed of its sunlight by the concealment caused
by the Earth’s shadow. Thus will arise an eclipse of the
Moon, so far as the principle of such an eclipse is con-
cerned. But just as in the case of an eclipse of the Sun,
we view it from the surface and not from the centre of the
Iarth, so the circumstances of the eclipse will in practice
be somewhat different.

The fact that the Moon’s orbit is inclined, as already
stated, introduces into the question just the same element
of uncertainty that it does in the case of ec.ipses of the

FIG. 56 —THEORY OF A TOTAL ECOLIPSE OF THE SUN.

Sun ; otherwise there would be an eclipse of the Moon at
every full Moon.

Eeclipses of the Sun are of three kinds,—Total, Annular,
or Partial. In Fig. 56 s represents the Sun, M the Moon
in Conjunction, and £ the Earth. In this particular
diagram the Moon is exactly between the Earth and the
Sun, and at its least distance from the Earth, When such
a state of things subsists, the Moon’s dark shadow falls
upon the Earth’s surface at @ 4, and within that area the
Sun will be entirely hid by the Moon. The breadth of the
zone a b on the Earth’s surface will usually not be more
than 150 miles. The point @, which is a prolongation of
the line g ¢ joining the northern limbs of the Sun and Moon,
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is the northern limit on the Earth of the total phase. The
zone comprised between a and ¢ will represent on the
northern side of the Earth the zone within which the
eclipse will be partial, ¢ being the point stn?c!c _b}' the
prolongation of the line % 2, which is the line joining the
southern limb of the Sun and the northernlimb of the Moon.
Northwards of e in the direction of e the inhabitants will
see no sort of eclipse at all, becanse no part of the Moon
touches any part of the Sun ; whilst the inhabitants of the
opposite hemisphere of the Earth, looking away as they do
from the Sun altogether, have night, and therefore see
nothing of what is happening to the Sun. The converse

FIGI. 57-~—THEORY OF AN ANNULAR ECLIPSE OF THE SUN,

of what has been stated above applies to the inhabitants
of the Earth living towards the south pole, between bd :u.nl
d f respectively, as the reader will be able to think out for
himself by aid of the diagram.

We must now consider the conditions of an annular
eclipse of the Sun. In Fig. 57 s represents the Sun,
M the Moon in Conjunction, and 1 the Earth. As
before, the Moon is exactly between the HEarth and
the Sun, but at its greatest distance from the Earth.
When such a state of things subsists, the Moon’s
dark shadow falls of course, as before, towards the
Earth, but does not reach it. It reaches no farther
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than Z and under these circumstances no total obscura-
tion of the Sun can occur. The edges of the shadow,
prolonged to the Earth, will
touch the Earth at « and 5, An
observer exactly midway be-
tween a and 4 will see a portion
of the Sun’s disc, such as m g and
n &, unobscured ; while the cen-

tral portion of the Sun from m to \

n will be covered by the Moon,
The visible part of the Sun will
then exhibit a ring of light, and
the phenomenon will be that of a
“ central and annular” eclipse.
At a, which is the northern limit of the annular phase as
seen from the Harth, the gsouthern limh of the Moon, £,
will appear in contact with the southern limb of the Sun
at h, and the form of the eclipse
will be that represented in Fig.
59. On the other hand, at &, the
southern limit of the annular
phase as seen on the Earth, the
northern limb of the Moon, 7, will
be in contact with the northern
limb of the Sun, g, and the form
of the eclipse will be that repre-
sented in Fig. 60. On the sur- . £0.-—ANNULAR BOLIVENS
face of the Earth, from « to ¢ NORTHERN LIMIT.

in the northern hemisphere, and

from & to d in the southern hemisphere, a partial eclipse
will be visible, the magnitude of which will be less and-
less the nearer we approach ¢ and drespectivel y. At cthe

R

FIG, 58,—CENTRAL AND
ANNULAR EQLIPSE,
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northern limb of the Moon at ¢ will be in contact with the
southern limb of the Sun at % ; whilst at d the southern
limb of the Moon at & will be in contact with the northern
limb of the Sun at g, so that beyond ¢ and  in the direc-
tion of the Earth’s poles no sort of eclipse will be visible
at all. Of course the inhabitants of the hemisphere of the
Earth which looks away from the Sun, being in darkness,
because it is their night, see nothing of what is going on
in front of the Sun.

The zone on the Earth’s surface which is covered by
the Moon’s shadow being so
limited, as stated above, it fol-
lows that, however often total
or annular eclipses occur con-
sidering the Earth as a whole,
they are extremely rare at any
one particular place on the
[larth, total eclipses, indeed,
peculiarly so. Thus no total
o G ct:ii}lsc will be visible in England

SOUTHERN LIMIT, until August 11, 1999, whilst

the last occurred on April 22,

1715 (0.8). The difficulty of observing total eclipses
satisfactorily when they do occur is aggravated by the
fact that under the best of circumstances the total phase
only lasts 7 minutes, and is commonly no more than 3
or 4 minutes, Amnnular eclipses may last slightly longer.

Eclipses of the Sun, when they are total, are pheno-
mena of very great grandeur and interest. The sudden
turning of day into night itself involves a spectacular effect
which is impressive in no ordinary degree ; and we can
easily realize how that,in the early ages of mankind, a celes-
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tial effect of this character was naturally deemed to be an
indication of Divine displeasure, or the presage of some
impending calamity. It must, however, be stated that
such sentiments did not characterize bygone times only,
because eclipses as recent as those of 1878 and 1880
exercised remarkable influences of terror amongst certain

A partial eclipse. Aw annular eclipse.
F16 61.—ECLIPSES OF THE SUN.

uncivilized tribes in Asia and North Ameriea respec-
tively.

The total obscuration of the Sun brings with it a
darkness over the landscape which is strictly nocturnal
in its character ; so much so, that frequently it is im-
possible to read the dial of a watch or of a chronometer
without the assistance of artificial licht. Nevertheless,
comparing one eclipse with another, the darkness varies
very much, and depends in some degree on whetlier the
observer is or is not deeply immersed i che Moon’s

I
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ghadow. Atmospheric conditions also seem to affect the
matter.

When the disc of the Moon advancing over that of the
Sun has reduced the Sun’s disc to a very thin crescent,
either immediately before the beginning of, or imme-
diately after the end of complete obscuration, it is
usually noticed that the thin crescent appears to be
broken up into a series of hrilliant points of light sepa-

F16. 62,—BAILY'S BEADS,

rated by dark spaces, which give the whole the appear-
ance of a string of beads, which seem to move and to
merge into one another. These phenomena are generally
known as “ Baily’s Beads,” after the name of the
English observer who first described them m detail,
The philosophy of their appearance and disappearance
cannot be said to be altogether satisfactorily understood,
but they are generally regarded as an exemplification of
the optical phenomenon known as “Irradiation.”
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It is, however, when the stage of actual totality is
reached that the most striking and characteristic features
of a total Solar eclipse manifest themselves. Two of
these must be singled out for special mention—the * Red
Flames,” or ©“ Prominences,” and the “ Corona.” Fig. 63
will, in a general way, afford an idea of what these two

F16. 63.—THE SUN TOTALLY ECLIPSED, JULY 18, 1851.

features are. At various points, few or many in number,
as the case may be, around the black limb of the Moon
there will be noticed irregular and ever-changing patches
of matter, more or less pink or crimson in colour. These
were formerly spoken of as the “Red Flames,” a name
perfectly appropriate, albeit the less satisfactory term
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“ Prominence ” is now generally applied to them. As- changes of shape which they frequently—one might
tronomers were long unable to determine the nature of almost say habitually—undergo. .
these rose-coloured emanations, but it is now accepted On September 7, 1871, the well-known American
that they belong to the Sun ; and the spectroscope has '

disclosed the fact that they comsist of gaseous matter

1 FIG. 65.—THE SAME AT 1.40 P.M.

observer, Professor Young, was watching the large
prominence shown in Fig. 64. At 12.30 pam. it was

about 100,000 miles long, and 54,000 miles high. He

FIG. 04, —EXPLOSION OF A SOLAR PROMINENCE.
SEPT. 7, 1871, AT 12.55 P.M, (YOUNG).

(chiefly hydrogen) in an incandescent state, rushing ¥16. 66.—THE SAME \T L.55 P,

violently upwards, that is, away from the Sun’s body L

outwards into space was called away for nearly half an hour, and when he
IFigs. 64—7 represent various views of prominences, and returned he found, to use his own graphic words, that

will serve to convey an idea of the rapid and remarkable “ the whole thing had been literally blown to shreds by
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some inconceivable uprush from below.” The transfor-
mation thus accomplished is portrayed in Fig. 65. He
traced the fragments, which he had termed shreds, moving
upwards, until they reached a height of at least 200,000
miles, at which immense elevation most of them disap-
peared. During the next succeeding hour the force of
the uprush seems to have spent itself, for it is evident
that it gradually subsided, and no doubt eventually
ceased altogether.

It may be taken that prominences are to be found
from time to time more or less all the way round the
Sun’s dise, nevertheless there is an evident difference in
the character of the prominences found over the zones
frequented. by spots and those found in other parts of
the Sun’s circumference. Whilst these latter are usually
cloud-like masses of a somewhat stable or stagnant cha-
racter, the prominences which may be assumed to have
some relationship with the spots are often of a violently
cruptive character,

It has also been suggested that a direct relationship
subsists between the prominences and the periodicity of
the spots, so far that when spots are numerous large
prominences are also numerous, and conversely, when
spots are scarce, or altogether wanting, large prominences
are likewise scarce, and conspicuous eruptive promi-
nences are altogether wanting. It would seem, regarding
the foregoing suppositions to be absolute facts, that
changes of some kind are periodically taking place in
the condition of the Sun as a whole, which, whilst result-
ing in the periodic changes so well recognized in the
number and size of the spots, also cause, or at any rate
are coincident with, systematic changes in the red flames,
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which involve their rising up higher above the Sun’s
surface, or clinging closer to that surface, respectively, as
time goes by.

Still more striking and more interesting than the Red
Flames is the Corona. Its general effect may be realized
by an inspection of Fig. 63, but it does not exhibit the
symmetrical form there portrayed ; that is to say, though
it is in general concentric with the Sun, yet its exterior
limits are by no means regular. On the contrary, there

F1G. 67.—A SOLAR PROMINENCE. (TACCHINT),

are frequently visible rifts running through the corona
on both sides, dividing it more or less into two halves.
Moreover, streamers or rays of light of no defined shape,
length, or breadth, are also frequently to be seen. Speak-
ing broadly, it may be said that the corona is something
in the nature of an atmosphere round the Sun, shining,
however, not by its own intrinsic, but by reflected light.
A theory has been started, that inasmuch as the form of
the corona varies from time to time, and that different
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eclipses yield coronas capable of being grouped under

certain typical forms, that the prevalence, or the con-
trary, of Sun-spots has some effect upon the form ex-
hibited by the corona at any given eclipse. More infor-

Fig, O3.—THE SUN TOTALLY ECLIPSED, MAY 17, 1882; smowise

ALSO AN UNKENOWN COMET.

mation, however, is needed before we shall be in a posi-
tion to make any confident assertions on this point.

Turn we now to eclipses of the Moon. The difference
in principle between an eclipse of the Sun and an eclipse
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of the Moon, which has already been pointed out, naturally
carries with it differences in the effects observed. Fore-
most among the facts resulting from the essential prin-
ciple of an eclipse of the Moon being what it is, is the
fact, that whereas an eclipse of the Sun is visible only
within a very narrow strip of country on the j'::ll‘l'Fl’é
surface, an eclipse of the Moon is visible over an entire
hemisphere.

The circumstances of an eclipse of the Moon will be
understood from Fig. 6g, where 8 represents the Sun,
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F1a. 69.—1’"1‘!\‘)3\' OF AN ECLIPSE OF THE MOON.

i the Earth (the shading representing its shadow), and
abed different positions of the Moon before, during,
and after it is Full. The Earth being between the Sun
and the Moon, the Earth’s shadow falls towards the
direction where the Moon is. This shadow is defined
by lines drawn through the upper and lower edges of
both Sun and Earth, which lines will meet at 4 The
form of the shadow thus indicated is evidently that of a
cone.

If we draw lines from the upper edge of the Sun to
touch the lower edge of the Earth,and fron. the lower edgo
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of the Sun to touch the upper edge of the Moon, such lines
will beg fand he. These produced as far as the Moon’s
orbit, will cut that orbit at @ and d; and so doing will in-
close triangular spaces b fa and d e ¢, within which the
Moon only loses a portion of the Sun’s rays when passing
those parts of its orbit lying between a and 4, and ¢ and d,
respectively. The result of the Moon losing only some,
but not all of the Sun’s rays, is that she begins by ex-
periencing a partial obscuration which does not become
absolute until a later stage. The eclipse commences
when the Moon reaches @, and enters the semi-shadow
technically called the * penumbra.” This moment is in-
dicated in the almanacks by the term “ first contact with
the penumbra.” At b the Moon enters the real shadow,
sometimes termed the “ umbra,” and this is the moment
of “first contact with the dark shadow.” If it should so
happen that the Moon’s course lies nzarly through the
centre of the shadow, she will be totally eclipsed as long
as she is moving within the limits of & ¢, because under
those circumstances the intervention of the solid body of
the Earth will entirely cut off all Sunlight. If, however,
it should happen that on the occasion of an eclipse the
Moon should be some little distance from her node, north
or south of the ecliptic, it may well be that a part only
of the Moon will travel through the dark shadow whilst
she is journeying from & to ¢. In this case there will be
what is called only a * partial eclipse ”* of the Moon, and
only a slice of her disc on the northern or on the
southern side will, as it were, be blackened. Be the
eclipse, however, total or partial, the Moon’s arrival at ¢
constitutes the “middle of the eclipse.” When the Moon
reaches ¢, that is the momeut of *last contact with the
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dark shadow”; whilst d indicates the place of * last con=-
tact with the penumbra.”

It has just been stated that the eclipse will only be a
partial one if the Moon attains its phase of Full (other-
wise called its Opposition) whilst no more than a little
north or south of the ecliptic. That this should be so
will be readily understood when it is stated that the
breadth of the Earth’s shadow at the Moon’s distance
from the Earth is no more than about 1% diameters of
the Moon above and below the actual plane of the
ecliptie,

When the Moon is totally eclipsed it may be deprived
of the Sun’s light for as long a period as 1 hour and
50 minutes, and the whole phenomena in its various
stages may last for more than 5 hours. Though eclipses
of the Moon may be either partial or total, according to
the extent to which our satellite is immersed in the
Earth’s shadow, there cannot be such a thing as an
annular eclipse of the Moon, because the diameter of the
Earth’s shadow at the greatest possible distance of the
Moon from the Earth is always in excess of the diameter
of the Moon’s dise. W hereas eclipses of the Sun always
begin on the western side of the Sun and finish on the
eastern side, lunar eclipses always commence on the
eastern side of the Moon and finish on the western side,
Even when most deeply immersed in the Earth’s shadow
the Moon does not as a rule ‘disappear, for it may gene-
rally be detected with a telescope, and frequently also
with the naked eye, exhibiting a dull coppery red hue.
Sometimes, however, the Moon does really become
absolutely invisible. The fluctuations recorded in the
visibility of the Moon at different eclipses is to be




124 ASTRONONM T, [enar. vin.
ascribed to difierences in the condition of the Earth’s
atmosphere at the different times.

Thus far we have been considering eclipses of the
Sun and Moon simply from the standpoint of a modern
observer armed with instruments capable of revealing
information respecting physical facts; but a good deal
might be said about eclipses in their relation to history
and chronology. It is obvious that it is only since the
invention of the telescope that observations of precision
on the movements of the heavenly bodies have been
possible ; and as it was not until a long time after the
invention of the telescope that graduated circles of
proper accuracy for purposes of measurement were fitted
to the telescope-stands in use, it follows that it is only
during the past 150 years that astronomical observa-
tions of real value in regard to measurements have been
accumulating. But in cases where we can find such a
phenomenon as an eclipse of the Sun observed on a defi-
nite day at a definite place many centuries ago, such a
record of the Moon’s place in the heavens becomes at
once an astronomical record available as a starting-point
for investigations as to the Moon’s motions. Accordingly
a number of ancient eclipses mentioned by ordinary his-
torians have been turned to account by astronomers in
their investigations of the Moon’s motions, Amongst the
historical eclipses thus subjected to special astronomical
investigation may be mentioned the celebrated eclipse of
585 B.C., predicted by Thales, and recorded by Hero-
dotus ; that of 557 B.c., mentioned by Xenophon as
baving led to the capture by the Persians of the Median
city Lavissa ; and that of 431 B.c., which oceurred on
the eve of an Athenian expedition against the Lacede-
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monians. This last-named eclipse furnished the A thenian
commander Pericles with an opportunity of delivering a
very effective address on the philosophy of eclipses. We
are told by Plutarch that:—“The whole fleet was in readi-
ness, and Pericles on board his own galley, when there
happened an eclipse of the sun. The sudden darkness
was looked upon as an unfavourable omen, and threw
the sailors into the greatest consternation. Pericles,
observing that the pilot was much astonished and per-
plexed, took his cloak, and having covered his eyes with
it, asked him if he found anything terrible in that,
or considered it as a bad presage. Upon the pilot
answering in the negative, Pericles said : * Where is
the difference, then, between this and the other, ex-
cept that something bigger than my cloak causes the
eclipse 77

Passing cver many centuries, we come to March 1,
1504, where we find that there happened an eclipse of
the Moon which proved of much service to Columbus.
Being on the Island of Jamaica, and short of provisions,
which the islanders refused to supply, he threatened to
punish them by depriving them of the Moon's light.
Not unnaturally his threat was at first treated with
indifference, but when the eclipse actually commenced,
the natives, terror-struck with the apparently super-
natural powers of the great Spanish commander, im-
mediately commenced to colleet provisions for the fleet,
and thenceforward treated their visitors with profound
respect,
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TRrRANSITS.

The term * transit,” as applied to a planet, has a
special meaning. It is used with reference to the
passage of an inferior planet, e.g., Mereury or Venus,
across the Sun’s dise. In principle the phenomenon is
strictly identical with an eclipse of the Sun by the Moon,
that being no more than a transit of the Moon across the
Sun. Both the known inferior planets are, however, too
small to obscure any appreciable amount of the Sun’s
light ; they cross the Sun’s dise simply as small black spots.

Transits of Mercury occur at irregular intervals, vary-
ing from 3 to 13 years, or about 4 times in 33 years,
The first observed transit of Mercury oceurred on
November 7, 1631, and was observed by Gassendi at
Paris, after having been predicted by Kepler. The
next transit of Mercury will oceur on November 10,
1894.

The transits of Venus are much more rare ; they only
occur at intervals of more than a century, and then of
8 years; after which there will again be an interval
of more than a century.

The first observed transit of Venus took place on
November 24, 1639 (0.8.), and was observed in Lan-
cashire by two young Englishmen, named Horrox and
Crabtree, who have left behind them a very graphic
account of their difficulties and successes. The transits
which have oceurred since have been in 1761, 1769, 1874,
and 1882, all of which were observed with very special
care and attention, for a reason which will be referred to
presently.

Regarded merely as a sight, a transit of an inferior
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planet is by no means devoid of interest. When the
planet has just completely entered upon the Sun it does
not exhibit immediately a strictly circular black dise, but
the disc seems to hang on to the dise of the Sun by
means of a black streak or liga-
ment. When this bas eventually
disappeared, and the planet has
well advanced on to the disc of
the Sun, it generally happens that
a ring is seen to encompass the
planet. This ring is sometimes
dusky and somctimes luminous ; ||
that is, it is apparently sometimes |[SIESENIRIIRENEES
darker and .snmetimes brighter _ = o —RENE SRR
than the luminous background of  [yperion prasEr i
the Sun. It does not yet clearly TRANSIT,
appear to what causes these vary-

ing effects must be ascribed. Moreover there is often
seen on the black disc of Mercury and Venus a white
or grayish spot of light, for which also no satisfactory
explanation has yet been found.

Transits of Venus are made use of for ascertaining the
distance of the Earth from the Sun.

Fig. 71 will illustrate the principle which underlies
this method of determining the Sun’s distance, though it
must be understood that there are other methods in use.
E represents the Earth, v the planet Venus moving round
the Sun in the direction of the arrows, and the large
circle ¥ ¢ D 6 the Sun’s dise. When Venus at inferior
Conjunction comes between the Earth and the Sun at
v, an observer stationed on the Barth at @ would see the
planet projected upon the Sun’s disc at B; and an




128 ASTRONOMY. [enar  vim,

observer stationed at 4 on the opposite side of the Earth
would see the planet as if at A. The distance A B
represents the difference in the two apparent posi-
tions of Venus on the Sun’s disc due to the diffe-
rence between the two stations @ and b on the Earth’s
surface at which the planet is observed ; and the wider
these stations are apart on the Earth, the greater
will be the angular displacement of the planet on
the Sun, : _
The angles formed at v by the intersection of the I.ne.s
a B and b A are equal (that is to say, the arlgle a vbis

' e N\
o I‘\' - I," R B
(B — by ¥/ i \
A | -
1

FIG, 71.—ORSERVATIONS OF TRANSITS OF VENUS,

equal to the angle A v B), and the distance « o “.'ill there-
fore bear the same proportion to A B that the distance of
Venus from the Earth (v ) does to its distance from the
Sun (v B); this proportion is ascertainable by aid of
Kepler’s Third Law. \

To find the distance A B is a matter involving tele-
scopic observation ; it is only necessary to observe the
times when the planet, moving in its orbit from ¢ to d,
enters and leaves the Sun’s dise, as we can then detgr-
mine the intervals which the planet occupies in describ-
ing the chords ¢ p and F 6 to the observers stationed at
b and a respectively : thus we can arrive at the exact

.
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apparent course of the planet as viewed from each station,
and go find the distance o B.

Knowing A B, and likewise the distance between the
two stations on the Barth’s surface, it is not difficult to
ascertain what angle the Earth’s semi-diameter (or half
the distance a 4) would subtend, as seen from the Sun.
This information is arrived at by reducing its measure
upon the Sun’s disc in the proportion of the distance
between Venus and the Sun and Venus and the Earth.
This angle is known as the “ Sun’s horizontal parallax,”
being, in fact, equal to the displacement in the Sun’s
position due to parallax, according as the Sun is viewed
from the Earth’s pole or the Earth’s equator. Having
thus found the apparent breadth of the Earth’s semi-
diameter at the Sun, its proportion to the whole distance
between the two bodies can be caleulated by trigono-
metry. 3

The observations of the transit of Venus in 1769
yielded results which, though at first regarded as very
trustworthy, were thought, as time passed away and prac-
tical astronomy made progress under the influence of
enlarged experience and better instruments, to be open
to doubts ; accordingly astronomers looked forward with
great eagerness to the transits of 1874 and 1882, By
means of the results of these transits, confirmed as they
are by results furnished by other methods, it is now
agreed that the equatorial horizontal parallax of the Sun,
by which is implied the apparent equatorial diameter of
the Earth as seen from the Sun at mean distance, is as
nearly as may be 8:8". Hence we learn by trigono-
metry that the Sun’s distance from the Earth is 23,464
times the radius of the Earth ; and as this radius measures

K
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3963 miles, it follows that the interval which sepa-
rates the centre of the Earth from, the centre of the
Sun, taken at its mean value, amounts to 92,890,000
miles.

Fig. 72 will be useful to illustrate certain technical ex-
pressions used in connection with transits of inferior
planets, some of which have been mentioned on a pre-
vious page without having been very fully explained.
The moment at which Mercury or Venus visibly enters

upon the Sun’s disc is

e Ty called the *“ingress,”
and that of their depar-

ture off the disec the
r . _ 4 “egress.” Aseachplanet
possesses a measurable
breadth, that is to say,
\ / exhibits a measurable

\ dise, when projected
upon the Sun’s dise, it

N is necessary to take steps

FIG. 72, —THRANSIT OBSERVATIONS OF
AN INFERIOR PLANET.

to refer all the observa-
tions to the Sun’s eentre,

This is done by taking
the observations in duplicate, as it were, first at one edge
and then at the other edge, and so obtaining a mean
value. The simple process of noting the times when the
planet first touches the limb of the Sun on the outside,
as at A, and then when the planet is just exactly within
the disc, as at B, accomplishes this. A is called the *“ex-
ternal contact at ingress,” and B the “internal contact
at ingress.” Similarly on the planet leaving the Sun
the corresponding moments are noted, as at D and E, D
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being the “internal contact at egress,” and ® the “ex-
ternal contact at egress.”

When the planet arrives at ¢ the “least distance of
centres ™ is said to take place, because this is the moment
of the nearest approach of the centres of the planet and
Sun respectively,

OCCULTATIONS.

The term “occultation” is used, in general, astrono-
mically, to describe the concealment of one ohject by
another, but it is more espe-
cially applied to the conceal-
ment of planets and stars by
the Moon in the course of its
monthly journey through the
heavens. Inasmuch as the
Moon’s apparent diameter is
about £° it follows that all ob-
jeets, whether planets, stars, or
clusters of stars, situated in a

zone extending £° on each side

FIG. 73.—0CCULTATION OF A
STAR BY THE MOON THREE

of her path, will necessarily
be oceulted in succession.
The brillianey of the Moon overpowers the smaller
stars, but the disappearances of the planets and of the
larger stars can be observed with a telescope, and a table
of them is published every year in the almanacks. The
disappearances always take place at the limb of the
Moon which is presented in the direction of its motion.
From New to Full the Moon moves with its dark edge
foremost, and from Full to New with its illuminated edge
foremost. During the former interval the objects oceunlted

DAYS OLD,
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disappear at the dark edge and reappear at the illumi-
nated edge; whilst during the second part of every
lunation the contrary takes place. If an occultation be
watched when a star disappears at the dark edge of the
Moon, that is to say, during the first half of a lunation,
and preferably when the Moon is not more than 2 or
3 days old, the disappearance is an extremely striking
phenomenon, for the object occulted seems suddenly ex-
tinguished at a point of the sky where there is nothing to
interfere with it. Occultations of stars by the Moon
can be made use of for ascertaining the longitude of
places on the Eartl's surface.

CHAPTER IX.
COMETS,

HE celestial objects which will be considered in the
present chapter may be regarded as on the whole

of more general popular interest than any others which
the astronomer has to observe and describe. They are
so because of their erratic courses, beeause of the sudden-
ness with which they come and go, and because of the
strange differences of size and appearance which they
exhibit, differences which not only serve to distinguish
one comet from another, but the same comet at intervals
of time which may be as short as only a few weeks.
Historians of all ages and countries have recorded with
admiration or alarm, or both, the great comets which
have come under their notice, the reason being in many
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cases that such objects were generally considered to be
“ominous of the wrath of heaven, and as harbingers of

FIG. 74.—A COMET PANIC IN OLDEN
TIMES.

wars and famines, of the dethronement ot monarchs, and
the dissolution of empires,” Thus it has come about that
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the ordinary historians rarely dealing with common astro-
nomical facts have yet preserved for us, during upwards
of 2000 years, accounts,
more or less full, of pro-
bably every comet conspi-
cuously visible to the naked
eye which has come within
sight of the Earth.
Shakespeare’s  allusions
to comets are numerous and
interesting. They are as
follows :—
“ Comels, importing change of
times and stales,
Brandish your erystal tresses in
the sky,
And with them sconrge the bad
revolling siars
That have consented unto
Henry's death.”
Henry V1., First Purt,
Act I, Scene 1.
“ Now shine it like a Comet of
revenge,
A prophet to the fall of all our
foes.”
Henry VI., Act TI1.
Scene 3.

“Some Comet or unusual pro-
digy.”
FIG. 75.—COMMON FORM OF NAKED- = HE -
S oAt Taming the Shrew, Act
I1I. Scene 2.
#When beggars die, there are no Comets seen;
The heavens themselves blaze forth the death of princes.”
Julius Ceesar, Act II. Scene 2.
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ars with treins of fire, and dews of blood,
sters in the Sun.”
Hamlet, Act I. Scene 1.

It must be explained at the outset that a considerable
difference exists between the popular and the scientifie
idea of a comet. It may be safely said that in the
popular mind no object of this class is really a comet
unless it has a distinet tail. But the comet of the astrono-
mer in two cases out of three falls altogether short of this

FIG. ';'()‘—i.'\"li-!.\i{lx FORMS OF TELESCOFIC COMETS.

standard. To an astronomer the tail is a mere accident ;
that is to say, two-thirds or more of the comets discovered
and watched by astronomers have no tails at all. The
average C!IIl'ltlt'!ll:l}' be said to be in the first instance
merely a faint nebulous patch, not always possessed of a
head, and still more rarely possessed of a tail. 1f the
comet should happen to be approaching the Earth, or the
Sun, or both, probably it will be found that its size
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increases ; and that after a while it begins to exhibit a
central condensation of light of a stellar character, and
technically termed a “nucleus.” Around this nucleus
there is often developed a cloud-like mass of luminous
matter (known asa “ coma ), which sometimes grows into
a tail, properly so called ; though frequently that which at
one time promised to become a tail, does not get beyend
an oval, or it may be a sort of pear-shaped, expansion of

FIG. 77.—BUCCESSIVE POSITIONS OF A COMET NEAR PERIHELION.

the head. Nucleus and coma taken together constitute
the “head ” of a comet.

In size and brightness comets exhibit great diversity,
When and whilst they are comparable with stars they are
usually spoken of as being of the brightness of a star of
such-and-such a magnitude. But size is no index of
brightness. A comet may have a diameter of 5 of are,
and bhe much fainter than one £ in diameter. Comets of
this size would generally be “telescopic” comets, that
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is, comets invisible to the naked eye. Telescopic comets
are usually more or less circular in shape ; but comets
visible to the naked eye are rarely so. Comets of this
latterclass almost always
have tails.

The tails of comets
offer an endless variety
of form and dimensions.
On the one hand, they
may be entirely tele-
scopie, and not only so,
but so small and faint as
(Jil|_\' to be visible in tele-
scopes of great power ;
or, on the other hand,
they may be conspicu-
ously visible to the naked
eye, and sometimes so
long as to reach from the
horizon to the zenith, or
through go° or more of
are. It is something like
a general rule that the
tail of a comet is a pro-
ll:mgi‘!].i..:i;;]. t.)f. :111”1:'1;;';1- FIG. 78.—COMEL WITH 2 TAILS

ary line joining the Sun
u.ndy’rlm (3011191;?; that is proi
to say, that such a line carried forwards from the comet
into space will run through the whole or the greater
part of the tail. Occasionally a comet-has 2 tails ; but in
such a case the second is often a branch or off-shoot of
the principal tail, rather than an independent second tail,
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Sometimes the second tail is directed more or less fo-
wards the Sun, in which ease it used to be called by the
old English writers a ¢ beard.”

The great comet of 1825 is recorded by one observer to
have had 5 tails, and that of 1744 as many as 6. Many
tails are eurved so as to resemble in some degree a sabre.
The comet of 1769 had a double-curved tail, something
like a thin elongated capital S (o). The great comet of
1882 exhibited a very remarkable form of tail—rather, a
tail inside a tail, the ordinary tail which first would catch
the eye having been envelcped in a semi-transparent
eylindrical sort of easing, seem’ngly independent of the
inside tail. Sometimes vibrations or pulsations are to be
noticed in a comet’s tail ; but it would seem, according
to the best authorities, that these are due to atmospheric
causes, and are not connected with the comet itself.

The question, “ What is a comet?” is one which is not
capable of a very direct answer. All we know is that
they ave bodies of density so small that stars can be seen
through them, and of mass so slight that when they pass
near planets they in no discoverable way affect the
motions of such planets. On the contrary, it has been
plainly proved in the case of the planet Jupiter that the
orbits of comets which have come within the sphere of its
influence have often been materially deranged by it.
Whatever may be the character of the matter of which
comets are composed, it seems clear that all parts of a
comet—head and tail alike—are formed of the same kind
of material. The disposition of the matter constituting
the tail geems to be in most cases either that of a hollow
cone or of a hollow cylinder. This supposition har-
monizes with the fact that towards their edges most tails

FIG. 79.

COMET WITH 6 TATLS (1744).
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are brighter than in the centre ; and it may be presumed
that they are brighter in those parts because we are
looking there through a greater
thickness of luminous matter.

It may here be remarked that
the expression “luminous matter,”
just made use of, seems a proper
one. There appears little reason
) to doubt that comets are self-lumi-
Fi6. $o.—JET oF LIGHT nous. If they are not so, but re-
e onEat coster o ceive their light from the Sun, they

1861 (JuLy 3). would under some ecircumstances
exhibit phases. Now, though some
older observers do make mention of phases, there do not
seem to exist sufficient grounds for accepting the accuracy
of their testimony,
and the evidence to
the contrary may be
deemed  overwhelm-
ing,

Careful study of the
head of a comet from
day to day will often
disclose many strik-
ing and interesting
changes, The occa-
sions are numerous of
the nucleus or bright
centre of a comet
ceasing to be a sym-
metrical bright point of light, and throwing off, especially
on the side away from the Sun, a jet or jets of luminous

=4

FIG. 81.—-]1EAD OF THE GREAT COMET
oF 1861 (Jury 2).
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matter. Fig. 8orepresents a simple jet such as was seen in
the case of the great comet of 1861, on July 3 of that year.
That jet had, indeed, been noticed on the previous even-
ing, when it was of smaller size ; and the fact that the
head of the comet, regarded as a whole, had been
developed by a process resembling that of the uprush of
water from a fountain, is well brought out by the engraving
which is dated July 2.

A matter conmected with the physical constitution of
comets, which has attracted much notice of late years, has
been the discovery in the case of some of them of a dis-
position to break up into fragments. An instance of
this, said to have ocenrred as far back as 371 B.C., is on
record ; and something of the same sort was noted by
two observers of the comet of 1618, but neither of these
cases seem to have commended themselves to astronomers.
The first well-authenticated case of a comet breaking up
into 2 portions occurred in the winter of 1845-6. A comet
known as Biela’s, which then became visible as a single
comet, separated into 2 parts about a month after its dis-
covery, and the 2 parts travelled together as 2 separate
comets for a period of 3 months. This comet returned
again to the Sun in 1852, and its 2 parts still remained
visible as such, but separated by a wider interval than
before. This comet has never been seen since 1852, and
it is now supposed to have become broken up into frag-
ments so small that there is no chance of us ever seeing it
again as a comet. In a later chapter I shall have some-
thing else to say respecting this body, by way of carrying
forwards its history to a later epoch.

It is now time to say something about the movements
of comets. The astronomers of antiquity were much
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puzzled by the motions of comets. They were thought
to be so erratic as to be altogether beyond the reach of
any laws. Later on, however, in the world’s history,
Tycho Brahe thought that they moved in circular orbits,
whilst Kepler suggested straight lines. Step by step,
however, observers found out that the paths of comets
conformed to some one of three out of the 4 possible sec-
tions of a cone ; conclusions which were reduced to a
final definite shape by Sir I. Newton. The considera-
tion of this matter in detail
/\ is beyond the scope of these
Al—=\A pages. It must suffice, then,
g to say, that 4 different sec-
tions can be obtained by
cutting through a cone. A
cut such as A A, at right
angles to the axis, yields a
circle ; acut made obliquely,
such as A D, yields an ellipse ;
a cuf such as B A B yields a

o B
s16. 82. prerERentT secrions Dyperbola; and a cut such
OF A CONE. as C A © yields a parabola.
No comets move in a cirele 3
a great many in elliptic orbits ; a still larger number in
parabolic orbits ; but only a few (about a dozen) in

hyperbolic orbits.

When a new comet is found astronomers try to obtain
as quickly as they can 3 observations of its place in the
heavens, at intervals of time as nearly equal as possible.
This done, they can calenlate its orbit, and determine
whether it is approaching the Sun or receding from the
Sun, and what its future course through the heavens will
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be during the next succeeding weeks or months of its
visibility.

Comets which are found to be following parabolic or
hyperbolic orbits are to be regarded as stray objects
which are wandering about the universe, and which,
having paid one visit to us, that is, to the Sun, have gone

FIG. 83.- COMETARY ORBITS,

E Dllipse. » Parabola. 8 Hyperbola.

off again, no one knows whither. But comets which have
been found to follow elliptic orbits may be regarded as
permanent members of the Solar system, that is to say,
they come, and though they go away, yet they come
again, It may be said that about 2 dozen comets are
known to be regular members of the Solar system. Of
these about 12 revolve round the Sun atintervals varying
from 3 to 8 years. Some of these have returned so often
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that their physical appearance and movements arve
thoroughly familiar to astronomers. Of these the best
known are the following :—Encke’s, Faye’s, Brorsen’s,
Winnecke’s, and D’ Arrest’s.

Besides these short-period comets there is one tolerably
well-known comet revolving in 134 years (Tuttle’s), and

FIG. 84.—HALLEY'S COMET Iy 18335.

a group of 6, whose periods average 70—80 years, of which
the most important and best known by far is Halley’s,
revolving in 763 years, and due to return in 1910,

Over and above these, there are a number of large
comets known to us, and believed to revolve in elliptic
orbits of great eccentricity, and with long periods,

 T—
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amounting in some cases to thousands of years. The
great comets of 1811, 1843, 1858, 1861, and 1882, are

FI1G. 85.—THE GREAT COMET OF 1811.

gome of the most importard of those which may be in-
cluded in this category.

A few miscellaneous remarks will complete this account
of comets, The German astronomer, Incke, in the
course of his prolonged study of the comet which bears

L
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his name, found that, notwithstanding every allowance
which he could make for planetary influences, the comet
always refurned to perihelion 2% hours sooner than it
should have done. To explain this he conjectured the
existence of some thin ethereal * Resisting Medium,”

P16, 86.—1THE GREAT cOMET oF 1858 (DoNATI'S),

sufficiently dense to produce an effect on a body of such
extreme tenuity as his comet, but incapable of exercising
any sensible influence on {lae planets. The propriety of
this theory seems still open o some doubt, no clear con-

firmation of its existence having yet been obtained in the
case of any other comet.
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The total number of comets on record up to the pre-
gent time is rather more than goo, and of these about 400
have been the subject of calculation as regards their
orbits. These numbers include, in both cases, appari-
tions of comets known to be periodical.

CHAPTER X,
METEORS.

NDER this title will be ineluded the bodies which

oo by the name of Aérolites (or meteorie stones),

Fire-balls, and Shooting Stars, it being now recognized

that all these are closely related to one another, and also

that they fall within the legitimate province of the
astronomer.

Meteoric stones may be deseribed as large and irregular
mineral masses, which have been seen to fall on to the
Earth, or to have been found after falling unnoticed by
human eye. These stones are composed of various ele-
ments, all of which oceur amongst the minerals found on
the Earth., We know not whence these bodies come, but
it is clearly established that from time to time masses of
stone, often of considerable weight, do pass through
space, and are precipitated upon the Earth, either singly
or in showers. Moreover, instances are on record of
showers of dust having occurred on the Earth, which dust
is supposed to have been of cosmical, in other words of
meteorie, origin. Fig. 87 represents a magnified view of
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gome of this dust examined by Bilvestri of Catania, who
found it to contain metallic iron, nickel, and various
other substances probably of non-terrestrial origin.
‘When meteorie stones fall in numbers, the curious and
unexplained fact has been noticed that the area over which
they fall is generally an oval from 6 to 10 miles in length
by 2 or 3 miles in breadth, and that the largest stones
may belooked for at one extremity of thisoval. Meteoric

FIG. 87.—METEORIC DUST (MAGNIFIED),

stones seem to fall more often in March, May, July, and
November, than in any other months, and comparing the
first 6 months of the year with the last 6, they are more
numerous in the latter period.

Fire-balls may be regarded as intermediate in character
between the meteoric stones just alluded to and the
shooting stars to be described presently. They appear
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in the sky suddenly, and very often affect a pear-shaped
form, Usnally they are noiseless, but sometimes an ex-
plosion accompanies their appearance, and in this latter
case, if the whole truth could be known, very likely a
fall of meteoric stones is the result. Slow moving fire-
balls usually evolve trains of sparks, but the swifter ones
often yield phosphorescent streaks, which sometimes linger
for many minutes, assume irregular shapes, and drift
slowly away, presumably under the influence of currents
of air in the higher regions of the atmosphere. Regarded
according to the months of the year, it is found that fire-
balls are more numerous in the last 6 months of the year
than in the first 6 months, and somewhat in the propor-
tion of 2 to 1. The following appear to be dates when
fire-balls may especially be expected : —

Jan. 2. Aug. 7-13.

Feb. 7. Sept. 1-2, 6-7.

April 11-12, 19-20. Nov. 1-2, 6-9, -11-15, 19,
June 6, 27.

July 25-30. Dec. 8, 11-12, 21.

It occasionally occurs that the same fire-ball is observed
by two different persons at places separated by perhaps 50
or 100 miles. When this is the case, and the observers
happen to be experienced in work of this sort, it is possi-
ble to caleulate the height above the Earth at which the
fire-ball appears, its absolute diameter, and the velocity
of its movement through space. It would seem, from
some of the calculations that have been thus made, that
the height of a fire-ball may be anything between §miles
and 500 miles ; its diameter anything between a few hun-
dred feet and a mile ; whilst its velocity may vary between
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2 miles and 50 miles a second. Of the figures just stated,
those which refer to the maximum diameter of fire-balls
are most open to suspicion ; and in spite of there being
several caleulations to that effect, it seems extremely im-
probable that any fire-ball would be at all likely to have
so great a diameter as that it could be measured by miles,
like the fire-ball of August 18, 1841, to which a diameter
of 2% miles was attributed.

Shooting stars are in all probability nothing more than

F1G. 88.—FIRE-BALL OF ocT. 7, 1867.

minute fire-balls, or objects of kindred character, It was
long thought that they were merely incandescent objects
of atmospheric origin, but this theory is quite exploded,
and it is now agreed that they are of celestial origin,
pursuing objects similar, certainly in some cases, to the
orbits of comets, and grouped into streams containing
myriads upon myriads of detached particles. They are
rendered visible to us by being inflamed by the friction
resulting from contact with our atmosphere, into which
they rush with immense velocity, becoming thereupon
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consumed instantly, and reduced to imperceptible dust.
[t may be taken as an established fact that an attentive
observer will be able to see at least a few shooting stars
on every clear night throughout the year. On a fine star-
light night, with the Moon absent, half-a-dozen or more
may be noticed every hour, but it seems that the hourly
average is greater during the hours after midnight of the
last 6 months of the year, Under such circumstances the
hourly average may be put at 20 or more.

The statement just made merely applies to the casual
shooting stars which present themselves here and there,
and nowhere in particular ; but besides these, at certain
definite points in certain constellations, and at certain
definite epochs, great numbers—to be counted by thou-
sands—of shooting stars are visible.

The most important of these definite points from which
shooting stars radiate (hence called “ Radiant Points )
are :—

Date, Constellation and Place.
Jan.2 . ,  « Quadrans, 12° N.N.E. of 2 Beitis,
April 20. ! . Lyra, 82°S.W. of a.
July 23 . . . Lacerta, 8° S, of & Cephei,
July 28 . - Aquarius, 5° N.N.W. of &
Aung. 10 , - . Perseus, 4° N.E. of n.
Oct. 18 . Orion, 2° E. of »

Nov. k3 2 . Leo, 5° W.N.W. of 9.
Nov. 20 . ’ . Taurus, 5° N.N.W, of &,
Nov. 27 Aundromeda, 4° N.W. of 7.
Dee. 10 . y . Gemini, 3 W.N.W, of a.

Though shooting stars had been mentioned by various
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old writers as curious phenomena of unknown natuve,
yet it wonld seem that the first shower which was carefully
observed and described by a competent scientific writer
was that of November 13, 1799, seen by Humboldt, then
travelling in South America. Fine displays took place
in 1831 and 1832, in both cases on November 13. DBut
the grandest display of all, and one which has not yet
been surpassed, was that of November 13, 1833, which
served to bring home to scientific men the periodicity of
the phenomenon. It was visible over nearly the whole of
the North American continent, and was magnificent to
an extent which nv words can deseribe. In many parts
the population were ferror-stricken in a remarkable
manner. A South Carolina planter thus deseribes his
experience :—

“T was suddenly awakened by the most distressing eries
that ever fell on my ears. Shrieks of horror and eries for
mercy I could hear from most of the negroes of the three
plantations, amounting in all to about 6oo or 8co, While
earnestly listening for the cause I heard a faint voice near
the door calling my name. T rose, and taking my sword,
stood at the door. At this moment T heard the same voice
still beseeching me to rise, and saying, < O my God, the world
is on fire!’ T then opened the door, and it is difficult to say
which excited me most,—the awfulness of the scene, or the dis-
tressed eries of the negroes. Upwards of 100 lay prostrate
on the ground, some speechless, and some with the bitterest
cries, but with their hands raised, imploring God to save the
world and them. The scene was truly awful, for never did
rain fall much thicker than the meteors fell towards the
earth ; east, west, north, and south, it was the same.”

This November shower fell off' after that year, but ve-

FI1G. 59.- -SHOOTING STARS SKEEN AT SEA.
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curred with considerable brilliancy in 1866, and to a less
extent in subsequent years.

Another meteor shower of great importance occurs
with much regularity on August 10, the Radiant Point
being in Perseus, near the star » Persei. Though that is
the principal date and place of the Perseus shower, yet it
really extends over a number of days before and after
August 10, during which time the principal centre

ghifts slightly from night to night. This shower does not
~ exhibit any great variations from year to year. On the
morning of August 11 it usually yields from 60 to 8o
meteors per hour to one observer.

Another meteor shower which of late years has become
very prominent is that of November 27, and known as
the Andromeda shower. This varies from year to year,
and recurs as a special display every 13 years, The next
great display should be in 1898, On December 10, as
a mean date, there occurs annually a rather prominent
shower of swift, short meteors in the constellation
Gemini.

Asin the case of aérolites and fire-balls so also is it with
the shooting stars. The showers are more numerous and
more important by far in the last 6 months of the year
than they are in the first 6 months, The ratio may be
taken at 3 to I. '

The periodicity of some of the showers of shooting stars
was recognized a long time before the significance of the
circumstance was at all realized. Thus far I have de-
seribed shooting stars merely as regards the appearance
they present to our eyes when we see them ; but no ac-
count of them would be complete without a few words to
point out their connection with comets, or the connection

|
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of comets with them (for at present it is not clear what is
the proper and best way of putting it).

It was long ago noticed that the November meteors
seemed to recur at intervals of about 33 years. Starting
with the supposition that this was not a mere accident, an
American observer named Newton set himself the task of
calculating directly the possible orbit of these meteors
regarded as bodies circulating round the Sun. After
various calculations he arrived at the conclusion that
these so-called meteors were planetary bodies revolving
round the Sun in a definite orbit, the size, position, and
character of which he had no difficulty in approximately
stating. His calculations were repeated at a later period
in a different form by Professor Adams, of Cambridge,
who arrived at a result substantially identical with
Newton's.

At about the same time that Adams was giving his
mind in this way to the November meteors, Schiaparelli,
of Milan, was studying his own observations of the Perseus
meteors of August, 1866, He tried to compute a para-
bolic orbit for them, regarded as a swarm of planets
travelling round the Sun. After he had accomplished
this he noticed that the meteors were pursuing an orbit
substantially identical in every particular with that which
had been found to be the orbit of the 3rd comet of 1862.
The agreement was so close as to make it clear beyond a
doubt that the comet and the meteors were intimately
related.

Subsequent investigations enabled astronomers to
identify by the similarity of their orbits several other
ghowers of shooting stars with particular comets which
had recently been observed. The most remarkable by



156 ASTRONOMY. [emar, x.

far of these identifications is that of the Andromeda
shower of November 27 with the lost comet of Biela.
Without dogmatizing too much, it seems safe to assert
that the meteors of November 27 are fragments of Biela’s
comet, the disinfegration of which, whilst it may have
been going on for several centuries, was actually brought
under our eyes as a fact in 1845. It will be remembered
that in that year (as mentioned on a previous page) the
actual separation of the comet into 2 parts was noticed,
which separation was found to have been maintained
when the comet returned to the Sun and the Earth in
1852. The theory of the connection between comets and
meteors will, perhaps, be best understood in a popular
way by the following statement, put forth by a well-
known American observer, Professor Kirkwood: “ Me-
teors and meteoric rings are the débris of ancient but
now disintegrated comets whose matter has become dis-
tributed around their orbits.”

CHAPTER XI.
THE STARS.

LET us suppose an observer stationed on a fine
cloudless evening, soon after sunset, in a position
open in all directions, and if possible raised a little above
the level of the ground ; a magnificent and varied spec-
tacle will present itself to him. The stars rendered in-
visible during the daytime, because their light was over-

-

CHAP, XI.] THE STARS. 157

powered by that of the Sun, will successively become
visible ; their number will increase every minute, and
likewise their individual brilliancy, until very soon the
whole sky—east, west, north, and south—will be spangled
over with glittering points of light of various apparent
sizes.

It is usual to divide the stars, as regards their bril-
liancy, into about 15 classes, or “ magnitudes,” of which
it is commonly said that the first 6 magnitudes are visible
to the naked eye as separate points of light ; but it would
probably be more correct to say that average eyes can
distinguish no stars smaller than those of about magnitude
5 or 54 at the most. It should be clearly understood that
this division of the stars into reputed classes is entirely
arbitrary. Comparatively few naked eye stars, especially
amongst the larger ones, are absolutely of identical
brightness.

Begin where you will, whilst it is not difficult perhaps
to enumerate the larger stars in a progressive series of
diminishing brillianey, yet there exists in no case even an
approximate dividing line between class and class, so that
even observers of skill and experience will be at issue
with one another—say, as to whether a particular star
should be placed at the bottom of the 3rd magnitudes, or
at the top of the 4th magnitudes. Tt will be necessary to
return to this question of star magnitudes later on ; but
meanwhile let us proceed with our consideration of those
general prineiples which concern the changes which take
place in the nocturnal aspect of the sky.

Having taken a first general view of the heavens, the
spectator will soon discover that, though he has been
taught, probably, to speak of the *fixed stars,” yet the
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statement is evidently not true, and the expression must
possess some secondary meaning. He will notice, look
where he may, that though the stars preserve almost pre-
cisely their relative positions, comparing one with another,
yet they are not fixed in the sense of being motionless, but
possess a motion of translation across the heavens in
some degree similar to that of the Sun as between sunrise
and sunset. Let us suppose the spectator to turn his
back towards that part of the sky where the Sun is seen
at midday. If he looks to the right he will see at each
moment, or at any rate, say, every 5 or 10 minutes, new
stars rising above the horizon. If he follows any one star
in particular he will notice it gradually rise higher in the
heavens, advancing somewhat towards the south ; after a
while, having reached a certain elevation, it will begin to
descend on his left, proceeding somewhat in a northerly
direction, whilst in time it will gradually sink below the
western horizon.

What has just been stated is not absolutely true of all
the stars. There exists for all latitudes, exclusive of the
equator, a certain portion of the heavens (which differs
for every latitude northwards or southwards from the
equator), the stars of which neither rise nor set—that is
to say, they are always above the horizon. Among these
there are some which seem to deseribe a cirele, the cir-
cumference of which towards the north scrapes, as it
were, the visible surface of the Earth ; whilst others de-
scribe circles which become smaller and smaller as the
stars are nearer to a certain motionless point called the
Pole. This polar point in the northern hemisphere is the
north pole, and is nearly, but not quite, indicated by a
star which we call the pole-star, otherwise known as

o
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a Urse Minoris. Persons living in the southern hemi-
sphere of the Earth have always within their view
a certain point which is correspondingly called the
south pole; but unfortunately for them it is not indi-
cated by any conspicuous star, the nearest one being
a small star of the s5th magnitude, known as o«
Octantis.

From this general statement of things it results that
the heavens seem to turn, all in one piece as it were,
around an imaginary axis, called the axis of the world,
which passes through the place of observation, and
through a fixed point near our pole-stars. If certain
stars rise and set, it is because they traverse below the
horizon the complement of the arc which they have
traversed above the horizon. In fact, such a star already
set at Liondon will be visible on the horizon at Dublin,
but will not yet have risen to the view of an observer at
New York. Notwithstanding their apparent movement
around the axis of the world, the stars preserve con-
tinually the same positions relatively to one another. In
other words, the angle formed by the rays of light from
any 2 stars whatever to an observer on the Earth ig an in-
variable angle. This angle is said to express the “angular
distance ” of the 2 stars.

The truth of the foregoing statement may be verified
in a general way by fastening together 2 straight rods in
such a manner that, when fixed, they may form just the
proper angle for their ends to point to any 2 particular
stars when the observer, placing his eye at the point of
their junction, looks along each rod. If these rods, thus
fastened, are brought to bear on the same 2 stars after
any interval of time, be it 2 hours or 4 hours, or what
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not, it will be found that the rods used in the same way
as at first still point precisely to the 2 stars.

The movement which we are now talking about is
commonly spoken of as the “ diurnal movement ™ of the
heavens. Its nature will, perhaps, be rendered more clear
to our minds if we regard the stars as attached to the
surface of an immense hollow sphere (this being in fact the
view taken of the stars by Anaximenes and some other of
the philosophers of antiquity)., This idea of a sphere
thus decorated with stars is so far recognized by astrono-
mers that the term *celestial sphere” or *celestial
vault ” may be said to be in common use, though ir
strictness it should be added that *celestial vault™
belongs rather to the particular hemisphere of stars
which is above the horizon at a given moment.

We have seen that there are certain stars which are
always above the horizon of the observer. Let us sup-
pose, by way of fixing our ideas, that this observer is
located on the Earth at some point whose latitude is
something between 1° north and 70° north. The stars
which he will always see are called “ circumpolar?”
stars, and the line which bounds the area containing these
stars is called the * circle of perpetual apparition.” It
separates the circumpolar stars from those which are
subject to rising and setting. Similarly on the oppo-
site side of the heavens there will be an area containing
stars of the southern hemisphere which are perpetually
hidden from every observer in the northern hemisphere,
wheresoever he may be. Tlie line which separates such
stars from those which do rise and set to the northern
spectator is called the “circle of perpetual occultation.”
1t is evident that the places of these circles is not in any
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sense fixed in the heavens, but that they change place as

the spectator moves to the north or to the south. It may

be added that these two expressions, “ cirele of perpetual

apparition,” and “ cirele of perpetual ocealtation,” though

logically correct and scientific, are not in very general

use, it being more usnal in English to speak of the stars

within the circle of perpetual apparition as simply  cir-

cumpolar,” whatever their distance from the Pole ; and

those within the cirele of perpetual occultation simply as

the stars  invisible in England,” or as the case may be.
Allusion has already been made to the stars being

classified into magnitudes. It is generally considered

that the stars of the 1st magnitude are 25 in number.

They are exhibited, as nearly as may be in the order of

brightness, in the following table:—

a Canis Majoris, (Sirius.)

a Argis. (Canopus.) Invisible in England.

a Centauri. Invisible in England,

a Bobtis. (Arcturns,)

B Orionis. (Rigel.)

a Aurige. (Capella.)

a Lyre. (Vega.)

a Canis Minoris. (Procyon.)

a Orionis. (Betelgueze.)

« Iridapi. (Archernar.) Invisible in England.

a Tauri. (Aldebaran.)

A Centanri. Tuovisible in England.

Crueis, Invisible in England.

Scorpil. (Antares.)

Aquile. (Altair.)

Virginis. (Spiea.)

a Piscis Australis, (Fomalhaut.)

f Crucis. Invisible in England.

B8 Geminorum. (Pollux.)

a Leonis. (Regulus.)

a8 8 8 3
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These 20 stars will be found to be nearly equally
divided between the northern and southern hemispheres,
9 being northern and 11 southern stars.

It would occupy too much space to enumerate the
stars of any lower magnitudes than the 1st, but it will
be useful to exhibit here a table which has been framed
by a very competent German observer named Seidel, for
the purpose of suggesting suitable stars as standard stars
for their respective magnitudes :—

1. a Aquile, « Virginis, a Orionis.
2. a Urse Majoris, y Cassiopeim, Algol (at max.),
8. y Lyrm, § Herculis, 8 Aquile.
{p Herculis, X Draconis (too bright).
" L p Bootis, § Herenlis (too faint),

Tre CONSTELLATIONS,

Hitherto the stars liave been spoken of merely as if
they were isolated points of light scattered all over the
heavens. They are this, but they are something more,
because it has long been customary to treat the stars in
groups which are called “ Constellations.” To these
constellations thus formed in the imagination, names
have been assigned borrowed from various sources, es-
pecially mythology, history, and science.

Finally, in order to distinguish one star from another,
all the conspicuous stars of each constellation are desig-
nated first of all by letters of the Greek alphabet, and
then by Arabic numbers in progressive order. Though
the earlier letters of the Greek alphabet (such as«, 8, v, 3,
ete) will commonly be found to indicate the brighter
stars, and the closing letters of that alphabet (such as
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?, % ¥, @,) the fainter stars visible to the naked eye, yet
it is a mistake to suppose that the actual order of those
letters in the alphabet is necessarily the order of the
brilliancy of the stars to which those letters are applied.
It may also perhaps be worth while to state that though
particalar groups of stars bear the specific names of
familiar objects, yet it is only in a very few cases indeed
that even a person of vivid imagination would be able to
trace in a constellation any resemblance to the object,
terrestrial or oiherwise, whose name the constellation
bears.

A person desirous of ““getting up ” the constellations,
and of learning the names of the particular stars therein,
should possess a star atlas of some kind; and a “plani-
sphere " will also be found very useful.!

I recommend that in all cases in learning the constella~
tions a start should be made from the Pole-star to the
Great Bear, and so step by step, that all the circumpolar
constellations should be thoroughly known before pro-
ceeding southwards towards the equator. It is somewhat
difficult to recognize a constellation which is not circum-
polar, because the disposition of its stars is at the first
glance very different when such a constellation is setting
in the west from what it was when it was rising in the east.

' A planisphere (= plane—sphere) generally consists in its sim-
plest form of a projection on paper of the stars belonging to one or
other hemisphere, or the stars of a half or a quarter of a hemi-
sphere, fitted with a movable ring of card-board or metal. This
ring has certain graduations, so contrived, that by choosing a day
of the month and an hour of the day, the observer will have
brought centrally before him just exactly the stars then on his
meridian or above his horizon, and none others.
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A full aceount of all the constellations would be be-
yond the scope of the present volume. It must suffice
then to indicate briefly the principal constellations visible
in England.

Ursa Major. If the observer will face the north and
find the Pole-star, he will soon, by the aid of his atlas,
discover the whereabouts of the 7 principal stars of the
Great Bear, a group which is known as * Charles’s
Wain.” Its 7 stars comprise 6 (a, 8, v, & ¢, ) of the 2nd

- L [

, nia
FIG. GO.~"" CHARLES'S WAIN " IN Unsa MAJOR,

magnitude, more or less, whilst the 7th (2) is of the 3rd
magnitude. Four of these stars (a, 8, %, 8) form a fra-
pezium ; the three others (g, ¢, u), which make the tail,
are nearly a prolongation of the diagonal of the tra-
pezium, formed by joining the stars g and &; finally, a
and g are known as “ The Guards.” 7

Ursa Miner. The stars 8 and « just mentioned are
also, and perhaps better, known as  The Pointers,” be-
cause they point to a of the Little Bearsotherwise known
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as “ Polaris,” or the Pole-star. This constellation has
as its principal feature a group of 7 stars resembling not
a little * Charles’s Wain ” ; but the stars are less bright,
the dimensions of the figure are more contracted, and the
stars occupy an inverse position. The stars here referred
to are «, 5, 8 185, %, and B.

Cussiopeia. An imaginary line carried from ¢ Urswe
Majoris, to the Pole-star, and prolonged to about the

FIG. 9I.—THE “w" IN CASSIOPEIA,

same extent, will touch one of the extremities of the W,
formed by the 5 principal stars (e, ¢, v, a, 8) of the 3vd
magnitude which constitute the chief feature of Cas-
siopeia.

Cepheus. This constellation is marked by « of the
2nd magnitude, and 3 stars (v, £, »), all of the 3rd mag-
nitude. These latter make an are, of which 2 at one
extremity is almost in the middle of a straight line
running from & Urse Minoris, to g Cassiopeiz.

Pegasus, Andromeda, and Perseus. The principal stars
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of these 3 constellations are of the 2nd magnitude, and
7 of them (a, g, v Pegasi, a, 8, ¥ Andromedz, and a
Persei) also form a group not unlike the 7 stars of the
Great Bear. A line drawn through the Pointers and
prolonged beyond Cassiopeia will pass through « and 8

Pegasi. ¥ Andromed®, is near the circle of perpetual

apparition for London,

Draco. This constellation, which always passes near
the horizon of London at its lower meridian passage,
comprises a large number of 2nd and 3rd magnitude
stars, which, starting from the space comprised between
the Great and Little Bears, encompasses the latter, and
approaching Cepheus, and then receding from it, ter-
minates in § stars (8, v &, v, u), which constitute the head
of the Dragon.

Auriga. A line drawn from g Draconis, through
Polaris, and pmluwn 'd as far beyond, will nearly strike
3 beautiful stars, «, 8, 2 Aurig ; the brightest of these bears
the name of (.,.qmlla_. and is of the 1st magnitude.

Boites. A straight line carried backwards from the

tail of the Great Bear, and beyond the circle of per-
]nclnal apparition, will reach = Bobtes s, otherwise known

¢ Arcturus,” a star of the 1st magnitude. This con-
‘-i(‘”.lll(}ll also contains 7 stars, varying from magnitudes
21 to 33

Lyra. Not far from the head of the Dragon, and a
little below the circle of perpetual apparition, will be
found z Lyre, otherwise called * Vega,” of the 1st
magnitude. Two 3rd magnitude stars, and 10 between
the 4th and sth magnitudes, help to distinguish this con-
stellation. Vega makes with Polaris and Arcturus a
large right-angled triangle.
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Cygnus. Between Lyra and Pegasus, but nearer
Lyra, will be found the constellation Cygnus, composed

FIG. 92.—ORION.

chiefly of 5 stars of the 2nd or 3rd magnitudes (1, v, B &
9), ¢ m.mwed somewhat in the form of a Latin cross

lr_,rmln A straight line drawn from Polaris to 3
Cygni, will just pass through Aquila, which consists of
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several 3rd magnitude stars (v, & 4 3, A, »), and one of
the 1st magnitude, @, known as “ Altair.”

Orion. This is by far the finest and most interesting
of all the constellations. Its principal stars (a, v, B, »)
make a large trapezium, with a very striking group in
its centre, comprising 3, &, and ¢, which are in the * Belt”
of the figure. One of the sides of the trapezium forms a
prolongation of the straight line which joins Polaris and
Capella. Of the stars on this side the most northerly is
v (Bellatrix), of magnitude 2, the most southerly being
8 (Rigel), of magnitude 1.

The corresponding stars on the opposite side of the
trapezium are a (Betelgueze), of magnitude 1, and x, of
magnitude 2. The telescopist will find this constellation
peculiarly rich in objects of every size and variety.

Canis Major. Almost at the intersection of the dia-
gonal line running from g to & of the Great Bear with
the line of Ovion's belt is sitnated « Canis Majoris,
otherwise called Sirius, which is by a long way the
brightest of all the stars in the heavens. This con-
stellation also containg 4 stars of about the 2nd magni-
tude, and § of about the 3rd.

Canis Minor. The imaginary diagonal line just spoken
of passes very near a of this constellation, known as
Procyon, an extra bright 1st magnitude star. There is
also a 3rd magnitude star (8) in this constellation.

~ Aries. The 12 zodiacal constellations, following one
another as they do in immediate succession, are not diffi-
cult to trace when one has been dropped upon for use as
a starting point. In the head of Aries are 3 stars, of
which 2 (z and g) are of the 2nd magnitude, and the
third (7) is of the 4th magnitude. These serve to indi-

S

CHAP, XI.]

THE STARS. 169

cate the position of the constellation; but otherwise it
offers to the naked eye nothing to attract notice. Aries
lies immediately to the east of the “square of Pegasus,”
at about double the distance of one of the sides of that
square.

Tawrus follows Aries. The line of Orion’s Belt pro-
longed in the direction opposite to that of Sirius will, at
about the same distance, strike upon the beautiful star of
the 1st magnitude known as Aldebaran. This found,
there will be seen close to it the scattered cluster well-
known as “The Hyades,” whilst about 10° beyond, in a
north-westerly direction, will be found the celebrated
group of “The Pleiades,” of classic renown. Taurus
also contains a star of the 2nd magnitude (). The prin-
cipal Pleiad is » or Aleyone.

Gemini. About midway between Ursa Major and
Canis Major lie the two well-known stars, Castor (2) ot
the 2nd magnitude, and Pollux (8) of the 1st magnitude.
There are also in this constellation g stars, ranging from
magnitude 2, to magnitude 33.

Cancer. This constellation has no more conspicuous
star than (8), of magnitude 33, but the cluster “ Prasepe,”
which is nearly in the centre of the constellation, will
help the naked-eye observer to find it.

Leo. In Leo we have an important and interesting
constellation, one prominent feature of which is the group
of stars known as “ The Sickle.” A line carried through
the Pointers, but away from Polaris, will nearly strike the
centre of the Sickle. The stars which form the Sickle are
@, 7, 9, 6, and B, of which the brightest is 2 or Regulus.
v, 0, and g are of magnitude 2 ; and 0 is of magnitude 3L

Virgo. Leo being known, Virgo will be readily found,



G e s SRS

170 ASTRONOAIY. [cuar. x1.

by reason of the fact that it contains a very bright star of
the st magnitude, known as Spica (). This forms a
nearly equilateral triangle with Arcturus and g Lieonis.
This constellation may also be found by carrying a line
southwards from the diagonal line joining « and v, Ursw
Majoris, and on the opposite side to Perseus. To the

FIG. 3.—THE SOUTHERN CROSS.

south of Virgo, but not visible in England, is the most
beautiful constellation of the Southern Hemisphere,
« The Southern Cross.” It is a constellation small in
size, but always spoken of with enthusiasm by those who
have seen it. The two principal stars are of the 1st
magnitude, and the next 2 are of the 2nd and 3rd magni-
tudes respectively.
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Libra has only one conspicuous star, 8, of the 3rd mag-
nitude.

Scorpio, although lying near the southern horizon in
England, can always be found by reason of its containing
a very hright and beautiful star of the 1st magnitude,
named Antares(z). This is a red star, a fact from which
it derives its Greek name * Antares,” which means
“rivalling Mars.” A line carried from Aldebaran to
Polaris, and thence towards the horizon, will nearly strike
Antares.

Sagittarius and Capricornus arve 2 zodiacal constella-
tions lying near the southern horizon in England. Sagit-
tarius has one star as bright as the 2nd magnitude (¢),
together with 7 others of about the 3rd magnitude (g, 9, &
v, n, 2 m). Capricornus has for its brightest star g of
magnitude 3. For the study of both these constellations
an atlas is indispensable.

Aguarius and Pisces. When we have reached these
constellations it will be found that the line of the ecliptie,
which up to this point, from Gemini, has been running
towards the south, now turns northward. The brightest
star in Aquarius is 8, of magnitude 3, and in Pisces is
¢, of magnitude 33. Here again therefore the help of an
atlas is indispensable.

The foregoing statement of the Northern Constellations
does not by any means exhaust them: it is only intended
to furnish a general outline of the Northern Heavens
which the reader must fill in for himself by resort to his
maps.

Having learnt to recognize the principal stars in the
heavens, the next step should be to learn how to record
on paper their positions ; that is to say, how to take the
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measurements necessary for defining their positions.
This undertaking will involve the study of the laws which
regulate the diurnal movement of the heavens, and .
eventually, if the reader wishes to carry his researches to |
their fullest extent, it will be necessary for him to make
use of certain instruments. Before, however, dealing with
these laws and explaining these instruments, it will be
better to complete our survey of the constellations, so
far, that is to say, as is necessary to convey a general
idea of some of the sights of the sidereal heavens which a
telescope will disclose. To do this I must anticipate
matters by presuming, for the moment, that the reader
already knows where to look for, and how to find, what I
am going to deseribe.

If we look through a telescope at a planet, say Jupiter,
we see, not a point of light, but a distinet disc, more
or less sharply defined, and more or less large, according
to the power of the telescope we employ. But this is not
the case with a star. A star yields no real defined dise,
but only what is called a spurious dise, which is an optical
effect due to the dispersion of light in passing through the
Earth’s atmosphere.

Every observer of the stars, especially if he is working
in the open air, and in frosty weather, will be struck
with their twinkling. The philosophy of twinkling is
very little understood, and the phenomenon is one which
has received very little attention from men of science.
Twinkling differs very much on different nights. Bright
gtars twinkle much more than faint ones; and the
smallest of those visible to the naked eye may be said
not to twinkle at all. FIG. Q4.—"' THE STARRY HEAVENS.”

A quiescent condition of the air is unfavourable to the
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manifestation of the phenomenon, which in general is
more marked with stars near the horizon than with those
near the zenith ; and more marked at the surface of the
Earth than in mountainous districts—all of which facts
point out the atmosphere as probably an influential
agent.

A Belgian observer, named Montigny, who made the
subject of twinkling a matter of attentive study during
many years, found that twinkling depended in some way
on the approach of rainy weather ; and also that it plainly
and also systematically varied with differences in the
character of the light yielded by different stars, as ascer-
tained by the spectroscope.

The number of stars visible to the naked eye is very
much less than most people imagine. Argelander esti-
mated that the total number of stars visible belonging to
the first 6 magnitudes was just about 5000, of which
3200 was the number visible for the latitude of Berlin.
This would make the total number visible at one place
on one night to be no more than about 2000 ; but the
stars visible with a telescope are, in the most literal sense
of the word, innumerable—simply millions,

DouBLeE Stars, Ere.

To the naked eye every star is a single point of light,
but in numerous instances the application of suitable
optical assistance shows that a star apparently single
consists of 2 or 3 stars in juxtaposition. Such stars are
termed double or triple stars. These stars are again
divisible into 2 well-defined classes:—(1) those which are

_—
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“optical ” doubles or triples, that is, stars casually look-
ing as if they were near one another and motionless ; and
(2) those which are termed “ binary ™ or ** ternary ” stars,
because they not only seem near one another, but are
linked to and revolve round one another under the in-
fluence of some attractive force, probably identical with
that force of gravitation which links together the Sun
and planets of our solar system. The discovery of
binary stars was one of the many results of Sir W,

F1G. 96.—THE BINARY STAR
¢ HERCULIS, a GEMINORUM.

FIG. Q5.—THE BINARY STAR

Herschel’s labours in the investigation of the starry
heavens.

The number of stars revolving round one another
may now be put at fully 500. Their periods vary from
about 30 years in the case of ¢ Hereulis to 1000 years or
more. One of the most beautiful of these starsis Castor,
or a Geminorum. This object is well within the reach
of small telescopes, for the two components are both of
them large stars (magnitudes 3 and 33 respectively) and
their distance is 5. It has been calculated that Castor
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completes a revolution in about 990 years. It was first
1718,
1834.

1538.

1780.

1836.

1852.
FIG. 07.—THE BINARY STAR v VIRGINIS AT DIFFERENT EPOCHS

mensured as a double star by Bradley and P

ound in
17 71 3
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Another very remarkable binary star is y Virginis,
the components of which are both of the 4th magnitude
and about 6" apart. This star was first measured in
1718, and the changes which it underwent between 1718
and 1852 will be best understood by an inspection of the
aunexed diagrams. The stars gradually approached one
another between 1718 and 1836, when they were so close
as to be apparently one. Sinee then I]lL' have parted
company, and their distance is
now the same as it was in 1780,
but the stars are reversed ; that
which was then the uppermost
being now the lowermost. The
period 1is evidently about 180
years,

The triple stars are naturally
not by any means so numerous
as the double stars. Amongst

5 2 . TIE TRIPLE STAR
the most interesting of them may Pl

iy

be mentioned 11 Monocerotis,

¢ Caneri, v Andromede, and 51 Libree. In the case of
4 (,/nnt'.n_. it appears certain that whilst the two larger,
stars (which are of magnitudes 6 and 7) revolve round
each other in about 58 years, they both, with the 3rd,

which is of magnitude 7! le\nlur round their common

75
centre of gravity in a much longer time; 500 or more
years. Whilst 11 Monocerotis very much resembles
¢ Caneri in the size and distance of its component stars,
it differs therefrom in the fact that, notwithstanding the
appearance which it suggests of connection between the
stars, seemingly there is no connection, or at least no
motion,
N
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In ¢ Lyre we have a striking instance of a double-
double, which makes therefore a quadruple star. It
would seem that the two stars in each pair revolve round
one another, and the two
pairs revolve round their
common centre of gravity,
forming therefore an ex-
ceedingly complex system.
The 4 stars of ¢ Lyra
being all of good size
(about magnitude 5) and
wide apart, the group may
easily be seen with a small
telescope.

In 4 Orionis we have

FIG, 99,—~THE TRAPEZIUM IN i 1s1
S e what is first of all visible

8 0 GhdomTs. as a quadruple star, but as
. a telescope of sufficient
power discloses two other stars the group is really to be

;liesci;'illed as a sextuple one. It appears, however, to be
xed.

CoLoURED STARS,

Many stars exhibit distinct tinges of colour. Isolated
orange or red stars are very common, but isolated blue
or green stars are very rare. In the case, however, of
double stars a much greater variety is noticeable in ’the
matter of colour. Combinations of yellow (or orange)
and blue are frequent ; and in many instances a greenish
hue takes the place of the blue where the princi?)al star
is yellow or orange. Many stars exhibit, therefore, com=
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plementary colours, In such cases, if there is much dis-
parity in the size of the components, very likely the fact
that the colours are complementary is merely an effect of
contrast. Yet it cannot be doubted that in many in-
stances there are stars, double or otherwise, which actually
emit light of definite colour. Supposing there should be
planets revolving round these stars regarded as suns,
the light imparted to such planets would have a very
suiking and beautiful effect, analogous to that which we
sometimes see in drawing-rooms, where all the gas-jets
or candles, as the case may be, are hid within globes of
crimson or other hues.

The following are examples of isolated stars which are
both large in size and of decided colour :—

White stars—a Canis Majoris, a Leonis, 8 Leonis, a Piscis Auns-
tralis, @ Urse Minoris.

Red stars.—a Tauri, « Scorpii, a Orionis,

Blue stars—a Aurige, B Orionis, y Orionis, a Canis Minoris,
a Virginis.

Green slars—a Lyre, a Aquile, « Cygni.

Yellow star.—a Boitis.

VARIABLE STARS.

A consideration of the colours of stars leads us on to a
subject of great interest and importance, and which has
undergone much development of late years. 1 am refer-
ring to  Variable” stars. It has been found that a
large number of stars which are orange or red in colour
are also variable ; although, of course, on the other hand,
it must be admitted that there exist many stars which
are variable, but which are neither red, nor, indeed,
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coloured at all. A variable star may be defined to be a
star which looked at casually would be said to be of a
certain magnitude. If, however, the observer recurs to
the star after an interval of a few weeks, or a few mon ths,
he will find that it is brighter or fainter than before.
Observations sufficiently prolonged, and made with suffi-
cient care, will disclose the fact that this star is subject
to periodical changes of brilliancy at stated intervals of
time. The period may be ecither no more than 2 or 3
days, or as many months, or 2 or 3 years. No distinct
clue has been obtained to the causes of the increase and
decrease which thus takes place in the light of the stars
which are catalogued as variable stars, and which now
are fully 300 in number. Two theories have been put
forth, either of which may be said to be possible ; at
least they would explain the observed facts i—(1) That
around the stars which are found to be variable there
revolve opaque bodies, which may be properly termed
satellites, and which at certain times intercept a pertion
of the light transmitted by the star to the Earth ; such
a condition of things would virtually resemble what
takes place when our Sun is eclipsed by the Moon. (2)
The second theory is that a variable star is a body which
rotates on its axis, and is more luminous at one part of
its sirface than at another. Hence the light yielded by
the star would be greater at one time than at another
time,

Fortunately for the general reader it happens that
some of the most striking and remarkable of the variable
stars are visible to the naked eye. The following is a
selection of these :—
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Period Changes of
i days. magnitude,

B Persei . . 2-8 e » 2} t03%
3 Cephei . . 5'3 . . 3% to 4k
n Aquile . : 72 o e 3% to4d
gy . o129 Ae e 2F B0l
atievénbs.. . 88w ' - 3l to
¢ Ceti e 20 oy e 25180

Algol or g Persei is one of the shortest period variable
stars known, and its position in the heavens, coupled
with the range of its variability, renders it one particu-
larly worthy of the attention of the amateur astronomer
resident in England. It is commonly of the 2nd magni-
tude: from that it descends to the 4th magnitude in
about 3% hours, where it remains for about 20 minutes ;
after another period of about 34 hours it again reaches
the 2nd magnitude, at which it remains for 2 days, 13
hours, when the changes recur as before. The variability
of this star was discovered as far back as 1669 by
Montanari.

& Cephei occupies a position in the heavens which per-
mits of it being frequently observed in England. The
interval between maximum and minimum (3 days, 19
hours) is greater than that between minimum and maxi-
mum (1 day, 14 hours). .

One of the most remarkable variables known is o Ceti,
often called “ Mira,” or the “ wonderful ” star, in Cetus.
Its variability was first noticed by David Fabricius as
far back as 1596. Mira appears about 12 times in 11
years ; whenee it follows that its period is about 331
days. It remains at its greatest brilliancy for about a
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fortnight, when it sometimes reaches the 2nd magnitude.
It decreases during about 3 months till it becomes totally
invisible ; remains invisible for about 5 months, and then
during the next following 3 months it gradually regains
the stage of maximum brilliancy. The average duration
of the naked eye visibility of Mira is about 18 weeks,
but it has been known to remain visible for as long a
time as 21 weeks, and for as short a time as 12 weeks.

Of late years much attention has been paid to variable
starg, and a large body of new facts concerning them has
been brought to light. One of the most noticeable of
these facts is that variable stars are not scattered pro-
miscuously over the heavens, but are much more abun-
dant in certain regions than in others. It would also
seem that a very large number of them, which are of
large size, and white or red in colour, have periods less
than 70 days ; whilst another group which have periods
of more than 135 days are chiefly red in colour and small
in size.

Possibly somewhat similar in character to the variable
stars are certain objects which have been from time to
time seen, and which are commonly designated * tempo-
rary ” stars. These are stars which suddenly blaze out,
and after a time fade away. Pliny tells us that it was
the appearance of a star of this kind which induced Hip-
parchus to construct his, the first, catalogue of stars,
This statement was once regarded as a fiction, but within
the last few years it has been found out that the Chinese
Chronicles record a new star in Scorpio in 134 B.0., and
there appears now no longer any reason for doubting
Pliny’s statement. One of the most celebrated temporary
stars oo record seems to have been that of 1572, a full
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account of which has been handed down to us by Tycho
Brahe. It lasted from November, 1572, to March, 1574.
It was brighter than Sirius, and rivalled Venus. Its
colour was successively white, yellow, red, and white
again. The subsequent history of this star is in one
sense unknown. There were no telescopes in those days,
and the star disappeared altogether so far as the naked
eye was concerned ; yet there exists at this very moment
within 1’ of the place assigned by Argelander to Tycho's
star a small star sensibly variable in its light.

Temporary stars of considerable brilliancy shone forth
in 1604 in the constellation Ophiuchus; in 1670 in
Cygnus; in 1848 in Ophiuchus; in 1866 in Corona
Borealis ; in 1876 in Cygnus; and in 1885 in Andro-
meda.

The temporary star of 1876, discovered on November
24 of that year by Schmidt, at Athens, was then of the
3rd magnitude ; but between that date and the end
of December it dwindled down to the 7th magnitude.

The temporary star which blazed forth in Corona
Borealis, in May, 1866, was even more remarkable. It
had been recorded by Argelander, in 1855, as being
of magnitude g4, yet on May 12, 1866, it was found by
Birmingham at Tuam shining as a 2nd magmtu_de
star. Putting together certain observations by Schmidt
of Athens, and by Birmingham, it would seem that this
star rose from the 4th to the 2nd magnitude in about
3 hours on the day in question. It soon began to fade
away, and continued no brighter than the gth magnitude
all through the following summer. It rose, however, to
magnitude 7% in September, and has fluctuated apparen tly
between that and magnitude g4 ever since. It is now
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included amongst the recognized variables, though its
period and the extent of the fluctuations of its light are
unknown.,

CHAPTER XII.
CLUSTERS AND NEBULZ.

E have successively advanced from the single stars
to double stars, and from double stars to multiple
stars. The next stage will bring us to further combinations
of stars forming what are called “Clusters,” and from
these we shall get to “ Nebule,” some of which appear
to be clusters of stars whilst others are something else.
Clusters must of course be regarded as essentially
telescopic objects, but there are a few which are visible to
the naked eye. It may be said in particular that in the
northern hemisphere there are 3 such clusters, the
“Pleiades ” and the “ Hyades” in Taurus, and * Pree-
sepe ” in Cancer. In the southern hemisphere we find 2
large objects of stellar character, respectively called the
“ Nubecula Major” and “ Nubecula Minor,” or some-
times the “ Magellanic Clouds.” In that hemisphere
there is also the fine cluster surrounding the star o
Centauri, Besides these, there can also be seen with the
naked eye the “great nebula in Andromeda” and the
“ great nebula in Orion,” and perhaps a few others.
Of all the objects just enumerated probably the
Pleiades is the most celebrated and best known. When
looked at directly few persons can see more than 6 stars,
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but by turning the eye sideways more, perhaps a dozen,
may be detected. An ordinary telescope will reveal 50
or more. Of course the number increases as a larger
telescope is used, and photography has recorded as many
as 1400 stars in the Pleiades. The most brilliant star in
the group is “ Aleyone ” of the 3rd magnitude ; next in
order come “ Electra” and *“ Atlas ” of the 4th ; “ Maia
and “ Taygeta ” of the 5th ; “Pleione” and “ Celeno,”

FIG. 100.—THE PLEIADES AS SEEN WITH SLIGHT OFPTICAL
ASSISTANCE,

which are between the 6th and 7th; and “ Asterope,”
which is a small 7th magnitude star. The remainder are
telescopie for all ordinary eyes. ‘

The * Hyades ” form a group altogether much less in-
teresting, because the stars are too scattered to make a
good telescopic field. 5 3T '

“ Praesepe ” used to be called the * Bee-hive,’ :1!1(1.15 a
particularly good object for a small telescope. It is an
aggregation of small stars which had long borne the name
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of a nebula, because the component stars could not be
separately seen with the naked eye.

The constellation Coma Berenicis comprises a group of
somewhat large and scattered stars, which, if we could
view them at a sufficient distance, would evidently appear
to us as a nebula,

The “ Nubecula Major ™ is in the constellation Dorado,
and the * Nubecula Minor” in Toucan ; both are some-
what oval in shape, and
visible to the naked eye
in the absence of the
moon, but the smaller
object disappears in
strong moonlight. Sir
J. Herschel described
these objects as consist-
ing of swarms of stars,
clusters, and nebula of
every description.

The line of demareca-
tion between -clusters
and nebula is naturally
not very sharply de-
fined. The term * Cluster” may be said to be applied
to coarse groups of stars, the individual members of which
are easily recognized with ordinary telescopes. A nebula,
on the other hand, is a densely compacted mass of small
stars, which either cannot be separately distinguished at
all, or only with extreme difficulty, and by the use of
telescopes of great size. Moreover, the spectroscope
suggests that some of the irresolvable nebule are not
stellar at all, and never could be resolved into separate

FIG. 101.—THE CLUSTER 13 M
HEROULIS,

-
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stars however great the optical power brought to bear on
them.

Many of the ordinary clusters affect a globular shape,
and amongst these are some of the largest, the names
and positions of which are given in the following
table :—

Name. | R.A, Decl.
L U
h. m. s. o
47 Toucani . . . . . | 019 9 | —7241
33 M VL Persei . . . . 2 11 20 | +56 38

o Centanalt < « o+ .+ » I 13 20 10 | —46 24
3 M. Canum Venaticorum 1337 3 | +28 55

M Tabrw . o L L i 12.57 | 4230
8o M. Scorpii. . . . . | 16 1026 | —22 43
13 M. Hereulis . . . . | 163745 | +36 40

gz M. Herculis . . . . 17 13 46 . +43 15
22 M. Sagittarii . .« | 18 2928 | —23 59
2 M. Aquarii . . . . . | 2I 27 44 | - 119

The nebule, properly so called, may be divided into 6
classes, as follows :(—

(1) Annular nebulz.

(2) Elliptic nebulee.

(3) Spiral nebulw.

(4) Planetary nebul.

(5) Nebulous stars.

(6) Large nebulwx of irregular form.

Of annular nebul® there are scarcely a dozen in the
whole heavens, The most remarkable one is Messier's
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57th, which is situated about midway between g and 5
Lyre. Itis large enough to be seen with a telescope of
moderate power, but the peculiar
details of its structure can only be
traced with a very large telescope.
Sir J. Herschel deseribed it as
“small and particularly well de-
fined, so as to have more the ap-
pearance of a flat, oval solid ring,
than of anebule. The axes of the
ellipse are to each other in the pro-
g o oo purl.i'ou of about 4 to 5, and the
NEBULE IN LYRa.  Opening occupies about half, or
rather more than half, the diameter.
The central vacuity is not quite dark, but is filled in with
faint nebula, like a gauze stretched over a hoop.”
Elliptic nebule of
various degrees of eccen-
tricity are not uncommon.
The “great nebula in
Andromeda” is the lar-
gest and best known of
these. Its ellipticity is
considerable, and it has
a bright central conden-
FiG. 103—ORLIQUE RING NEBULA, sation suflicient to make
4058 H. DRACONTS (EARL it visible to the naked
OF ROSSE), eye. A drawing by Bond,
- and photographs by Ro-
berts, give indications of long rifts or channels in this
nebule, of which no traces are to be found in Sir John
Herschel’s well-known engraving.
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Fig. 103 represents a nebula which is simply elliptic,
as it appears at the first glance, but which undoubtedly
conveys the idea that the observer is looking at a fore-
shortened ring of nebulous matter.

Fig. 1o4 represents a bright and very much extended
nebula found by Sir W. Herschel, and drawn by his son,
and by the Earl of Rosse.

We owe the discovery of “ Spiral” or *“ Whirlpool »
nebule to the Earl of Rosse, and it
may be said that only telescopes like his
are capable of disclosing the spiral
character of these objects.

The best known is Messier’s 51st in
the constellation Canes Venatici. To
Admiral Smyth it presented the ap-
pearance of 2 detached circular patches
of light, the larger of which had some
nebulous fragments partly surrounding
it. Sir John Herschel, secing the ™
circular patches very much as Smyth 5777 i
did, converted the outlying fragments Eulof
into a complete ring, with an exterior Hasss,
appendage. Lord Rosse’s telescope
joined Smyth’s two patches and Her-
schel’s ring into one connected mass of
nebulous matter, the whole taking the spiral form shown
in Fig. 106.

“ Planetary ” nebule derive their name from the fact
that they are circular in form and with edges more or less
sharply defined, which give them therefore somewhat the
form of a faint planet, such as Uranus or Neptune. One
of these objects, known as 37 ¥ IV. Draconis, yielded

FIG. 104.—NEBULA,
42 Kl v. conx®
BERENICIS.
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to Huggins a gaseous spectrum. Iolden describes it as
apparently composed of rings overlying each other, and
he says it is difficult to resist the conviction that these
are arranged in Space in the form of a true helix.

There are some peculiarities attaching to planetary
nebulae which would seem to be btﬂ‘l}lﬁcglllb of something
which we do not yet understand. In the first place they

FiG, 105,—THE SPIEAT, NEBULA, 51 M. OANUM VENATICOLUM {:SM'{"I'H)-

are, according to the spectroscope, mostly @aseous, and
several are noticeably of a blue tinge. Three-fourths of
those known are in the southern hemisphere. As regards
the gaseous nebule, whether planetary or not, it was
pointed out by D’Arrest in 1872 that nearly all of them
are either in or very close to the Milky Way.

Nebulous stars are distinet stars surrounded by a faint
nebulosity, usually of a circular form, and sometimes
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several minutes of are in diameter. The best known nebu-
lous star (and there are only a few of them) is « Orionis.
We come now to the last division of nebule, those

FIG. 100,—THE SPIRAL NEBULA, 51 M. CANUM VENATIOCORUM {EARL OF
ROSSE).

which are large in size and irregular in form. The
following is a list of some of these :—

Name. R.A, Decl.

h, m. s S

r M. Baury o & v 5 27 §I +21 56
42 M. Orionis . . . . 529 52 =5 M
30Doradtis . . . « | 539 9 —69 ¢
n Avglis . . S e 10 40 47 —359 6

20 M. S‘i“‘lﬂ’llll 4L T 17 55 A1 —23 2
8 M. bqgltt BT o 17 §9. © —21 22
17 M. Scuti Sobieskii 18 14 16 —16 I3
27 M. Vulpecule . . 19 54 48 | +22 25
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The nebula 1 M. Tauri is popularly known as the

“ (‘rab” nebulwm in Taurus, and Fig. 107 is a rough repre-

sentation of the original deseription on which its common
g P

FIG, 107,—THE ‘“‘ORAB" NEBULA IN TAURUS.

name is based ; but according to the observations pub-
lished by the present Earl of Rosse the claw features so
prominent in this engraving are non-existent. Intelescopes

¥16G, 108, —THE GREAT NEBULA IN ORION.
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gen-emlly this nebula exhibits no more than a simple
oval outline. .

The great nebula in Orion may be regarded as the
largest and finest of all the nebulw® in the heavens. It
not only shows as such in every small telescope, but
there seem grounds for supposing that it extends in all

FIG. 109, —THE NEBULA 30 DORADUS.

divections far away from the principal and most obvious
patch of nebulous matter. The star ¢ in the belt of
Orion was thought by Sir John Herschel to be surrounded
by nebulous matter which was an off-shoot from the
g;'eat nebula. Whether or not ¢ can actually be deemed
a nebulous star is doubtful, but there can be no doubt of
the extensive ramifications of the great nebula itself.
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Independently of the actual nebulosity, this nebula con-
tains within its limits the striking multiple star 6 Orionis,
deseribed on a previous page.

The two mext objects in the list, 30 Doradis and »
Argfis, both belong to the southern hemisphere, and are
both very large and extraordinary objects. The central

FIG. 110.—THE NEBULA SURROUNDING ] ;\]:GES.

feature of the great nebulain A rgo is the star », which is
a variable, changing from the 1st to the 6th or 7th
magnitude during a period which is very uncertain, but
which may be about 70 years. Though the period and
circumstances of this star are not clearly understood,
there can be no doubt whatever that it is variable. Tt
should here be added that some years ago a warm con-
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troversy arose as to whether the nebula as a whole was
not variable both in brightness and shape. Though the
arguments adduced emanated from two observers, the
preponderance of the evidence was distinctly in the
negative.

The « Horseshoe ” nebula, 17 M. Scuti Sobieskii, and
the * Dumb-Bell ” nebula in Vulpecula (27 M.) may be
mentioned as two objects of remarkable ghape, both
visible as mere nebule in small telescopes, though very

FIG, 111.—THE * DUMB-BELL'' NEBULA (SIR J. HERSCHEL).

large ones indeed are required to bring out the striking
details from which these objects have received their
names. The former may be said to resemble in an
ordinary telescope a swan without legs, but under great
optical power the whole object developes into the figure
of two capital Greek omegas connected at their bases.
The * Dumb-Bell ” nebula fairly answers to its name in
small telescopes, but this feature disappears in very large
instruments, such as Lord Rosse’s, the great power of
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which destroys the symmetrical outlines which are visible
in smaller instruments.

A curious feature about the clusters and nebule is
their unequal distribution in the heavens. They are

FIG, 112.—THE ** DUMB-BELL" NEBULA (EARL OF ROSBE, 3-FI.
REFLECTOR)s

especially abundant in a zone which crosses the Milky
Way at right angles; and the constellation Virgo in
particular is rich in them. Taking the 5079 objects
catalogued in 1864 by Sir J. Herschel, it will be found
that whilst Hour XIX. comprises only 79 objects,
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Hour XII., which includes the constellation Virgo, con-
tains 686.

The first observer who systematically searched for and
recorded clusters and nebul® was the French astronomer
Messier. Practically the whole of the more conspicuous
of these bodies were included in his well-known though
small catalogue of 103 nebule published in 1784. But
it was Sir -William Herschel, and after him Sir John
Herschel, who must be regarded as the great discoverers
of clusters and nebule. Many of the objects which they
found were afterwards eritically examined by the late
Farl of Rosse, and by his son, the present Earl. Hence
the numerous references which oceur in books on Astro-
nomy to the Rosse telescopes and observations. Sir W,
Herschel divided all his nebulx into 8 classes, and these
classes are still recognized, and are indicated by a com-
bined symbol, thus :—45 i 1V. Geminorum, which means
the 45th object in the 8th class, and which is to be found
in the constellation Gemini.

It has already been explained that a certain consider-
able number of stars undergo fluctuations of light, in
virtue of which we call them “ variable ” stars. It was
at one time thought that a few nebule had been found
variable, but it cannot now be said that the available
evidence is sufficient to support the assertion.

There yet remains for our consideration the largest
and most interesting cluster in the heavens. This is best
known as the Milky Way, but it has received amongst
different peoples at different times a variety of fanciful
names, many of them by the way involving some associa-
tions with spilt milk! Of these various appellations the
one of Greek origin, “ Galaxy,” itself the parent of the
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term Milky Way, is the only one which may be said t
be in use now as an alternative designation.

The Milky Way is a luminous zone, of a whitish hue,
and with irregular edges, which divides the celestial
sphere into two nearly equal parts. It marks on that
sphere almost a great circle. But a bifurcation com-
mences at a certain point, whence there results a secon-
dary are, which, remaining separated from the priucipal
arc through an angular extent of about 120° then rejoins

FiG. IIS.‘IIERSCHBL'S “STRATUM THEORY” OF THE MILKY WAY.

the main circle. The breadth of this zone varies between
5° and 16°; but where the 2 streams are found, their
joint breadth over all exceeds 22° Sir W, Herschel re-
garded the Milky Way as composed of an immense
number of stars, which to the naked eye appeared as
nebulous matter, but which with a telescope could be
separated into individual stars. This part of the heavens
may, therefore, be looked upon as a gigantic resolvable
nebula, in or near the centre of which our Sun is located.
Herschel regarded the stars of the Milky Way as placed
at tolerably equal distances from one another, and form-
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ing a bed or stratum included between 2 nearly plane
surfaces, more or less parallel, but extending in either
direction to an immense distance. This so-called stratum,
having the general form of a mill-stone, is comparatively
thin, having regard to the infinite distances to which the
2 plane surfaces which bound it extend.

1t is obvious that speculations on such a matter as this
cannot under the best of circumstances be very profit-
able ; but it was from considerations based upon the dis-
tribution of the stars as he found them that Sir William
Herschel was led to regard the starry heavens as disposed
in a fashion of which it has been thought that the annexed
diagram would convey some general idea.

s is intended to represent the Sun (or the Earth),
oceupying a place somewhere near the middle of the
starry stratum, and near the point where it subdivides
into 2 principal streams inclined to each other at a small
angle. To an eye viewing the stars from s, and looking
in the direction s A or 8 E, they would appear to be com-
paratively few in number ; but they would rapidly in-
- crease as the line of vision was brought round on either
side from 8 A towards 8 B, or from 8 A towards 8 C. In
the directions 8 B, § ¢, and 8 D, the stars would appear to be
most densely crowded ; points intermediate between, say,
s A and 8 ¢, yielding stars of intermediate but gradually
increasing degrees of density.  Sir W. Herschel’s
« Stratum Theory of the Milky Way,” as it has been
called, has often excited controversy and discussion ; and
how far it ought to be accepted is still a moot point.

With respect to the number of the stars visible in the
Milky Way, whilst all estimates must necessarily be
hazardous and incapable of proper proof, yet it may here
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be stated, illustratively, that on one occasion Sir W.
Herschel calculated that 116,000 stars passed through
the field of his telescope in & hour; and, on another
occasion, 258,000 stars in 41 minutes. Consideration of
facts such as these led him to set down the number of the
stars in the Milky Way at 50 millions or more.

CHAPTER XIIL
TELESCOPES.

THE telescopes used by astronomers are of 2 kinds
as regards the optical principles of their construc-
tion, whilst the stands upon which they are mounted may
be ranged under several heads.

A telescope, regarded as an optical instrument, may be
either a refractor or a reflector. In the former the image
of the object to be looked at is produced by a converging
lens of glass, which brings the object to a point called the
“focus,” where it is magnified by a subsidiary lens,
called the eye-lens, which acts as a simple magnifying
glass. In a reflecting telescope the rays of light coming
from the object viewed are gathered together by a con-
cave reflector, instead of being collected by a convex lens,
as in a refractor. The image formed by the reflector is,
however, magnified by a magnifying glass as before.

The foregoing account deals only with the general
optical principles involved in these 2 classes of tele-
sccpes 3 but the time has long since gone by for telescopes
to be constructed in the simple fashion just described. It
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is, however, in the case of the refractors that the greatest
alteration has taken place. The simple object-glass of
one double convex lens is now replaced by a compound
object-glass formed of 2 lenses, one a double convex lens,
and the other a double coneave lens ; whilst the simple
magnifying glass is replaced by a combination of several
lenses, forming together what is called an “eye-piece,”
but which may really be regarded as in some sense a
microscope. There has, however, been no corresponding
developement in the prineiple of the reflecting telescope,
which remains almost exactly where it was 200 years ago,
except that it also now has a compound eye-piece, instead
of the simple eye-lens formerly used.

Whilst a refracting telescope can, indeed, be made
with as few as 2 pieces of glass, called lenses, yet such
an instrument is not suitable for astronomical purposes.
The image formed by the largest and principal lens does
not come to a sharp focus ; the focus given by the centre
of the lens does not exactly coincide with that given by
the edges. Hence there results an irregularity, which is
called the “spherical aberration.” Moreover, the image
is not colourless ; hence another inconvenience, called the
“ ghromatic aberration.” Opticians and astronomers were
long in despair as to how they could get over these
annoyances which hindered the construction of achro-
matic telescopes of sizes likely to lead to new astrono-
mical discoveries; but about the year 1758 a London
optician named Dollond, by examining various sorts of
glass, found that different kinds dispersed the colours of
the spectrum differently ; and the idea entered his head
that, by using 2 different sorts of glass, as it were play-
ing the one off against the other, he could neutralise the
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shortcomings of both. From this simple conception
great results flowed, and the way was paved for the con-
struction of those large telescopes of which we hear so
much in these days. The
refracting telescope ap-
pears to have been in-
vented in Holland about
the year 1610, though
much controversy has
arisen on the point, and
Galileo has some claims
to be regarded as an
independent  inventor.
Galileo’s optical efforts, however, were of a very modest

FIG, 114.—THE GALILEAN
OPERA-GLASS.

FIG. 115 —REFLECTING TELESCOPE.

character, and he scems to have done no more than con-
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struct what we should call a single tube opera-glass.
The ecommon opera-glass now in use is simply a pair of
Galilean telescopes.

The reflecting telescope is exempt from the drawbacks
of spherical and chromatic aberration to which reference
has been made. Moreover, in their larger sizes, these
instruments are more easy and, therefore, more cheap to
construct; hence the preference given to them by some
observers. But, on the
other hand, they are
much less convenient to
work with than refrac-
tors.

There are 4 principal
forms of reflectors in use,
respectively known as
the Gregorian, invented
by James Gregory in
1663 ; the Newtonian,
invented by Sir Isaac
Newton in 1669 ; the
Cassegrainian, invented
by Cassegrain in 1672 ; and the Herschelian, invented
by Sir W. Herschel in the latter part of the last cen-
tury. Each of these has its advantages and disad-
vantages.

The stands of telescopes intended for ordinary astro-
nomical purposes are of 2 kinds, and are applicable, with
modifications, to refractors and reflectors alike. The most
simple stand is that which permits of the telescope having
2 motions imparted toit ; an up and down motion, techni-
cally called motion in “altitude,” and a right and left

FI1G. 116,—SIMPLE ALTAZIMUTH
STAND,
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motion in a horizontal direction, technically called motion
in “azimuth.”

A telescope mounted on such a stand, and which i8
often called an Altazimuth stand, whilst it is suitable
enough when the telescope is used for terrestrial purposes,
is not convenient for astronomical purposes in following
objects which are incessantly in motion. From what has
been explained in a pre-
vious chapter with re-
spect to the apparent
movements of the stars
across the heavens, it
will be understood that
whilst they are travelling
across the sky in virtue
of the Diurnal Move-
ment, they are also con-
stantly changing their
altitudes above the hori-
zon. Nevertheless their
actual motion is in a
single direction ; and v
therefore they cannot be ~ FIG. 117.—A * VARLEX " STAND:
followed with a telescope
mounted on an Altazimuth stand unless the observer
incessantly imparts to his telescope both motion in a hori-
sontal direction from east to west, and motion up and
down from south to north, or from north to south, as tl.le
case may be. To be perpetually pushing a telescope in
two directions, and with such evenness as always to keep
a planet or star in the centre of the field, is a matter of
extreme difficulty, and so distracts the observer in trying




ASTRONOMY, [cmar. xmm,

to make his observations that for star-gazing purposes an
Altazimuth telescope is well-nigh intolerable.

The remedy for this is in a form of mounting called the
“ Equatorial,” in which matters are so arranged that it is
only necessary to impart to the telescope an impulse in
one direction when the telescope can be made to follow
the object continuously. In the Ilquatorial stand the
vertical axis of the Altazimuth is tilted over so as to
point to the Pole. This done, the axis which was vertical
becomes parallel to the axis of the Earth, and so a given
star can be followed by one movement, in virtue of which
the plane in which the felescope moves is constantly
parallel to the Equator ; hence the origin of the name.

What has just been said defines in a few words the
principle of the Equatorial stand ; but 2 forms of it are met
with in practice. The “ English ” Equatorial brings out
most clearly the principle just unfolded, because it ex-
hibits conspicuously the main axis of the telescope, which,
pointing as it does to the Pole, is called the “ Polar
axis,” This form of construction is open to the objection
that it requires two stone piers to be built to receive the
upper structure of the stand. In the German form of
mounting, which is represented in Iig. 121, one pier only
is needed, the working parts of the stand being concen-
trated in a way which not only saves materials and
weight, but considerably facilitates the use of the instru-
ment.

Fig. 118 represents an English Equatorial in its simplest
form 3 @ b is the polar axis supported on the piers 4 and
i, the curved portion of ¢ being generally of iron. The
motion in altitude of the telescope is obtained Ly its being
made to turn on an axis called the * Declination Axis,”

16, 118,—aAN “ENGLISH "’ EQUATORIAL,
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‘])?;))fetcliehmq o_f clockwork, ¢, the observer having found the
o l]t,]]e tZ]I: in sea.rhch {:f can cause motion to be imparted
scope, his hands being thereb
when he does not requi n s oo L o
_ quire to push the telescope thr
any considerable arc, he can by the handle, ;;, imp::tg 2

| which is at right angles to the polar axis. This axis

cannot be shown in the engraving, but there is mounted
| on one end of it a graduated circle, g, called the
' « Declination Circle,” divided into degrees and fractions
of a degree, and capable of being read off by means of
verniers placed at each end of the index plate, =, and
carvied round with the telescope. ¢ 7 is the telescope;

VICARAGE,

—ENGLISH EQUATORIAT FORMERLY AT STONE
BUCKINGHAMSHIRE.

Fi6. 119

f et

: ¢ a little lamp for throwing light into the inside of the
FIG. 120.—THE “‘ NORTHUMBERTAND” EQUATORIAL AT CAMBERIDGE.

tube ; whilst near & there is a clamp-screw for fixing the
telescope at any required pointin declination. Theangle
throngh which the polar axis revolves is measured on
the circle f; called the “ Hour Circle,” which works on the
polar axis. This circle is divided to show hours from O
to XXIV, and i8 cub-divided again into minutes of time,
which can be further sub-divided by verniers at m and m.

slight motion to the whole i
instrument b :
endless screw mounted at %, FRghaE
Fig. 121 represents the ordi
_H e ordinary German Equatorial in
its simplest form. A detailed description would occupy
;nom space th.a.n can here be given to it. Suffice it then
o say that « is the Polar axis, b the Hour circle attached
! i
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thercto, ¢ the Declination axis, and d the Declination
circle.

A few words must now be said about certain other
astronomical mstruments, which are telescopes, gene-
rally of small size, and mounted in different ways ac-

FIG. 122,—THE PORTABLE TRANSIT INSTRUMENT.

cording to the purposes for which they are intended to
be used.

Of these miscellaneous instruments, the one most com-
monly met with is the Transit Instrument, the simplest
form of which is represented in Fig. 122. The smaller
sizes are used astronomically for no other purpose than
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that of taking the time. The telescope itself i mounted
on trunnions, not unlike in appearance the trunnions of a
heavy gun. The telescope is accurately placed in the
meridian, and having no azimuthal movement, can only
move in one way, that is, in altitude, or up and down.
An uneven number of vertical wires are stretched across
the field of view, and these are used for determining the
exact moments at which a given star crosses the centre
wire, which is also the centre of the field of the telescope.
The observer knows, by information furnished in his
Nautical Almanack, the precise moment when the star he
is about to observe ought to cross his meridian. He takes
from his clock a note of the exact instant when, accord-
ing to the clock, the star actually does cross the meridian.
The difference between the calculated time and the ob-
served time is & measure of the error of the clock. If
the star crosses the middle wire sooner than it ought to
do, the clock is so many seconds or minutes fast ; on the
other hand, if the star does not arrive till after its proper
time, so to speak, the clock is so much slow.

A small transit instrument, costing from £10 to £30
isused by an astronomer solely for setting his observatory
clock ; neither the size of the telescope nor the accuracy
of the graduated declination circle which it carries being
sufficient for exact measurements of angular distances
for the determination of the places of stars. But large
transit instruments, entirely identical in principle with
the small ones just spoken of, and costing many hundreds
of pounds, are employed in large obseryatories for refined
and exact observations of the Right Ascensions and De-
clinations of stars of various magnitudes. Such instru-
ments in their most perfected forms are generally called
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“ Transit Circles” in England, or “ Meridian Circles”
on the Continent,

The Sextant is an instrument of astronomical origin,
so to speak, but not ac-
tually much used by as-
tronomers, From the en-
graving annexed it will
be seen that it comprises
a small telescope moun-
ted on a frame in the
form of the sixth part
of a circle, whence the
name “‘ Sextant.” The
sextant is primarily de-
signed for use at sea for
determining  latitudes
and longitudes by observations of the Sun, Moon, and
stars ; but sometimes an astronomer, when unprovided

FIG., 123,—THE SHXTANT.

FIG. 124.—THE SPECTROSCOPE.

with & transit instrument, will fall back upon a sextant

for ascertaining his time.

The Spectroscope, thouéh of late years much applied
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to astronomical purposes, was not originally an astrono-
mical instrument, but a physical one, used in connection
with the science of opties. Fig. 125 represents a section
of a simple form of spectroscope; and another form, yet

FIG. 125, —BECTION OF A SPECTEOSCOPE,

more simple, and specially adapted for the use of ama-
teur astronomers, is represented in Fig. 126.

Besides the instruments already mentioned, there ave,
of course, others used in astronomical observatories; but
many of them are merely varied adaptations of the prin-

FIG, 126,—MCCLEAN'S STAR SPECTROS

ciples of construction embodied in those which have
been named. Amongst the instruments which might
be included under such a head as “ Miscellaneous ”
are the Heliometer, the Altazimuth, the Comet-secker,
the Astro-photo-Heliograph, Airy’s Orbit-sweeper, the

e, —

FIG. 128.—THE LATE MR. SNOW'S OBSERVATORY AT ASHURST, KENT.




FIG. 130.—THE UNIVERSITY OBSERVATORY AT CAMBRIDGE,

S

-
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Zenith Sector, the Siderostat, the Reflecting-circle, and
the Repeating-circle.!

To get the most out of a telescope, and in the most
convenient and pleasant way, it ought to be housed in
an observatory, which may be either a top-room of a
dwelling-house specially adapted for the purpose, or a
detached structure erected, say in a back garden.

Figs. 127—8 represent the interiors of two observa-
tories formerly used by well-known amateurs, whilst
Figs. 129—30 are exterior views of 2 observatories at

Cambridge.

CHAPTER XIV.
THE SPECTROSCOPE AS APPLIED TO ASTRONOMY.

HE spectroseope has already been introduced to the

reader as originally a non-astronomical instrument ;

it remains now to be stated how it has been applied to,
and what it has done for, Astronomy.

In 1672 Sir I. Newton presented to the Royal Society

a paper on Optics, in which he described some experi-

ments on a beam of sunlight conducted by means of a

prism. He admitted a beam of light into a darkened

room through a round hole, and fixing a prism close to

! For a description of these instruments reference must be made
to larger works, such as vol. ii. of my Handbook of Descriptive and
Practical Astronomy, Loomis's Practical Astronemy, Chauvenet's
Practical Astronomy, and other works of that character; and
various Oyclopedias, passim.
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the hole, he placed a screen of white paper on the oppo-
site side of the room to receive the rays. With the prism
not in its place, the light followed a straight course, and
formed a round white spot on the sereen. But when the
prism was interposed the direction of the beam of light
was changed, and it was spread out on the screen into an
oblong and rainbow-tinted band, equal in width to the
diameter of the round white spot, but nearly 5 times
as long.

This coloured streak Newton called the * Solar Spec-
trum,” and hence the term spectrum has come into
general use to indicate the image formed by the light
given off by any luminous body after that light has
passed through a prism,

What Newton accomplished by thus applying his
prism to the beam of white light was to break it up, a
process which has received the technical name of “ dis-
persion.” And this proved also that the various colours
which go to make white light are not equally refrangible ;
Violet, for instance, being bent more out of its course by
a prism than Green is, and this, again, more than Red.
It is commonly said that the spectrum comprises 7
colours, namely, Violet, Indigo, Blue, Green, Yellow,
Orange, and Red, of which Violet is most bent, and Red
least bent after transmission through a prism.

The inquiry started by Newton virtually went to sleep
for more than a century. It was then resumed by Wol-
laston, with the object of ascertaining whether the 7
colours of the spectrum were separated from one another
by any distinet boundaries. For the round aperture used
by Newton, Wollaston substituted a narrow slit, and he
at once perceived 7 gaps or dark lines in the solar
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spectrum. From this the conclusion was obvious that
the Sun does not send light of every degree of refrangi-
bility, there being apparently some refractive angles for
which there is no light available.

Wollaston made no further progress, and the next in-
vestigator was a German optician named Fraunhofer,
who in 1814 achieved some very important results,
Wollaston had examined his spectrum only with the
naked eye, but Fraunhofer employed a small telescope,
and therewith discovered that the entire spectrum was
crowded with dark lines; he actually counted 574

QB E i, TR AR L Y] _ba‘\. }?L =L % I\

fed  Orange Yellow Green Blue Indigo  Violet
FIG, 131.—THE SOLAR SPEOTRUM.

between the Red and the Violet ends. The darkest
of these he distinguished by letters of the alphabet, and
as this method of designating them is still in use, it is
important to remember what and where they are. A is
a thick dark line at the extreme Red end; B is also a
broad line ; between the two is a cluster of several lines
called collectively a; C is a dark and fine line. All 4
of these letters belong to the red. D is a very close pair
of dark lines in the Orange-yellow ; E is the middle and
darkest of a group in the yellowish-Green ; & is a group
of 3 dark lines where the Green becomes more of an
emerald tint ; F seems to be about the boundary between
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the Green and the Blue ; G isin a crowded cluster in the
Indigo ; finally, H is a pair of bands near the extreme
end of the Violet.

Fraunhofer proved that the same lines were seen
whatever prism he used, and that their relative positions
were invariable. He also found that his results were
the same whether he used direct sunlight or sunlight re-
flected from clouds, the Moon, or the planets. On the
other hand, whilst the stars yielded spectra which were
also crossed by dark lines, these spectra were not only not
like the spectrum of the Sun, but they differed from one
another. These facts indicated the very important con-
clusion that the lines seen in these various spectra did
not originate in our atmosphere, but were due to intrinsic
differences in the actual light itself emanating from the
several bodies experimented upon. .

Fraunhofer unsuccessfully tried to find an artificial
light which yielded a spectrum resembling the Sun’s.
In examining the light of a candle he remarked a very
curious circumstance. He obtained a continuous spec-
trum crossed by no dark lines, but in the Orange, just in
the place of the 2 dark D lines of the solar spectrum, he
saw a pair of bright lines. These were ascertained in
after years to be due to the presence of sodium. This
coincidence of position between the solar D lines and the
sodium lines was long asserted, but it was not finally
established until 1859. In that year Kirchhoff' of
Heidelberg tried the following experiment. He obtained
a tolerably bright solar spectrum, and then brought in
front of the slit a flame coloured by sodium vapour. He
then saw the dark D lines of the Sun change into bright
ones. The flame of a Bunsen lamp threw the bright
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sodium lines upon the solar spectrum with unexpected
brilliancy. Inorder to find out how far the intensity of the
solar spectrum could be increased without impairing the
distinctness of the sodium lines, he allowed full sunlight
to shine through the sodium flame, and found to his
astonishment that the dark D lines appeared with extra-
ordinary clearness. Finding thus that the bright sodium
flame, so far from supplying the absence of light, of
which the D lines were the proof, only intensified the
darkness, Kirchhoff proceeded to vary his experiment by
using the limelight instead of sunlight. When this
light was transmitted through a flame coloured with
sodium, dark lines were seen to occupy in the spectrum
the place of the sodium lines, so that, instead of the
brilliancy of the continuous spectrum of the limelight
being increased in the yellow by the interposition of the
sodium flame, it was actually darkened, and as far as
these two lines were concerned, he had produced an
artificial solar spectrum. These two experiments, pro-
perly interpreted, indicate the principle upon which the
application of Spectroscopy to Astronomy rests. Roscoe
thus states it:— Every substance which emits atf a
given temperature certain kinds of light, must possess the
power at that same temperature of absorbing the same
kinds of light.”” Hence it follows, that if light from a
source yielding a complete and continuous spectrum
passes through a sufficient depth of glowing vapour or
gas giving a spectrum of bright lines, those rays of the
light which correspond to the bright lines will suffer
absorption, for to them the gas will be opaque, and only
the remaining rays will pass through.

It iseasy enough to see thatonce the idea took possession
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of men’s minds that so simple an adjunct to a telescope as
a glass prism was capable of yielding different optical
effects, so to speak, which would vary as the source of
light experimented upon varied, it soon came to be
realized how vast a field was opened up to the experi-
mental physicist, whether working in his laboratory on
objects terrestrial, or in the observatory on objects
astronomical.

Naturally the first astronomical body attacked was the
Sun as a whole; then the spots were tried; but the
special feature of the Sun most vigorously taken in
hand, and yielding the most important vesults, was the
Corona and the Red Flames or Prominences visible
during total eclipses of the Sun.

The spectroscope tells us comparatively little about
the planets, for the reason that their light is practically
nothing but reflected sunlight.! Yet refined observa-
tion with instruments of special power show that the in-
fluence of the Earth’s atmosphere and the influence of a
planet’s atmosphere afford indications of their presence
which cannot be ignored.

The application of the spectroscope to comets has
yielded some very remarkable and unexpected results ;
and it seems not improbable that in looking at a comet
we see two sources of light merged in one. It has
already been stated that comets, speaking generally, are
self-luminous, and that the existence in them of phases
ascribable to their shining by reflected sunlight has
never been clearly proved, yet the spectroscope has given
some hints that a portion of the light of certain comets

! A possible exception to the literal truth of this statement has
already been pointed out in speaking of Jupiter. (See p. 83, anfe.)
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was reflected sunlight. But be that as it may, a large
number of comets observed of late years have led
astronomers to the conclusion that the inherent light of
most comets is naught else than glowing hydro-carbon
vapour, to wit, olefiant gas,

Thanks to the labours of two celebrated English
physicists, Huggins an astronomer, and Miller a chemist,
Kirchhoff’s investigations on the Sun were soon turned to
account for the purpose of carrying out experiments
with respect to the stars. It would now seem that the
elements sodium, magnesium, and hydrogen, are to be
found very generally in nearly all the larger stars,
Sirius, Vega, and Pollux give indications of iron also ;
whilst Arcturus shows calcium and chromium in addition.
It would seem, therefore, that we are justified in assert-
ing that the larger stars so far resemble our Sun that
they possess a photosphere giving a continuous spec-
trum, and are swrrounded by the absorbent vapours
of certain elements already well known to us on the
Earth,

When the spectroscope came to be diligently and
systematically applied to the stars it was soon found that
there existed well-marked differences in the spectra of
the stars, and Secchi pointed out the possibility of group-
ing themin 4 classes, which he called * Types.” Secchi’s
4 types are briefly described in the following paragraphs,

(1) White stars, such as Sirius and Vega, yielding
spectra, crossed by 4 dark lines due to hydrogen, and
showing likewise, but less prominently, the sodium and
magnesium lines,

(2) Almost all the other large stars, which are yellow,
exhibiting the hydrogen lines much less conspicuously,
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but numerous metallic lines, those of magnesium being
often very distinet. Aldebaran, Capella, Pollux, Arc-
turus, and « Cygni are stars of this class.

(3) Stars with exceedingly beautiful spectra, erossed
sometimes by as many as 10 dark bands, each very dark
and sharp towards the violet. a Herculis, « Orionis, and
Antares, are the principal stars of this type.

(4) Red stars showing 3 broad dark bands shaded in
the reverse direction to those of the 3rd type. These
bands coincide with the 3 well-known hydro-carbon
bands so readily obtained from a Bunsen flame. This
type of spectrum is the ordinary cometary spectrum
reversed, the presence of the carbon being made evident
by its absorption instead of by its emission,

So much for Secchi’s 4 particular types; but he him-
self pointed out the existence of a small residuum of
bright stars which seemed to constitute a sth class.
These stars show bright lines. There are not many of
them in number, and v Cassiopeie, 8 Liyra, and » Argfs,
are the brightest.

Secchi’s system of classification seems to meet the
present necessities of the case, though Vogel and, more
recently, Lockyer, have thought they could improve
upon it by amplifying it.

The spectroscope has also been applied to the nebule,
and to the zodiacal light, with the result that whilst most
of the nebulz are probably aggregations of stars so close
together as to defy separation by our largest telescopes,
yet some there are which are presumably gaseous—
masses of incandescent gas, though why their appearance
should continue visibly unchanged and apparently vn-
changeable none of the spectroscopists have been able
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to tellus. The spectroscopic observations of the zodiacal
light have yielded very uncertain results, but the balance
of testimony seems to show that its spectrum is, on the
whole, eontinuous.

CHAPTER XYV,
THE HISTORY OF ASTRONOMY.

VERY science has a history, and it will often
happen that a due presentation of the facts of that
history and a due comprchension of their bearing will
greatly aid an intelligent reader in his study of the par-
ticular seience in its modern aspects.  All this is particu-
larly true of Astronomy. A student who has mastered
the facts appertaining to its origin in early times, and to
its subsequent developement down to the present epoch,
should have acquired a considerable general knowledge
of the science itself as a whole,

Poetry and romance have always talked about the
Chaldean shepherds as the first astronomers. I can neither
affirm nor deny the idea. But when one considers how
much time men of the shepherd class spend out in the
open air, and how accurate their anticipations of the
weather generally are, it seems not unreasonable to think
that such men as the shepherds of Eastern lands may have
been in a certain general sense the earliest astronomers.

This conception naturally suggests the question, Do
we find any allusions to astronomical matters in the Holy
Scriptures 7 To this the answer must be in the affirma-

Q
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tive. Of historical events there are 2, the astronomical
import of which is very obvious :—(1) The standing still
of the Sun and Moon, as so stated, at the command of
Joshua ;' and (2), The going back of the shadow of the
Sun for King Hezekiah’s sake on the dial of Ahaz.*

The former of these events has never been adequately
explained, and it can only be regarded as having been a
miracle in the proper sense of the word. With respect,
however, to what happened in the case of Hezekiah there
seems reason to believe that the observed facts may be
reconcilable with the circumstances of a partial eclipse
of the Sun, visible as such at Jerusalem on January 11,
689 B.c. This eclipse is known to have happened nearly
at noon, and if we may suppose the words * dial of Ahaz”
to apply to a large gnomon or sundial formed of masonry,
and similar in character to such a structure as that which
still exists at the rnined Hindd observatory at Benares,
we may understand that a shadow caused by an un-
eclipsed Sun might be brought back, on the upper part of
the Sun’s disc suddenly ceasing for an hour or so to be a
source of light.”

Pagsing from Asia into Europe we come to the Greeks,
of whom it may be said generally that they were great
astronomers as well as physicists. The names of Thales,
Pythagoras, Anaximenes, Meton, Eudoxus, Philolaus,
Aristotle, Calippus, Archimedes, Aratus, Avristarchus,
Eratosthenes, Apollonius, and Hipparchus will readily
occur to the mind. They were perhaps not all Greeks in
the strict literal sense of the word, but may virtually be

! Joshua x. 13. * IL. Kings xx. I11.

* All the details of this are very well worked out in Mr. J. W.
Bosanquet's Messiah the Prince, 8vo, London, 1869, p. 176, ef seq.

—
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regarded as such, bearing in mind the school of thought
(to use a hideous modern term) to which they belonged.
Two or 3 of those mentioned, such as Thales, Aristotle,
and Hipparchus, were giants in science, comparable with
the Humboldts and Herschels of the present century.
This remark is peculiarly true of Hipparchus, The work
which he performed really laid the foundations for the
science of exact astronomy as distinguished from mere
star-gazing,

T'he labours of Hipparchus were as varied as they were
important. He discovered the Precession of the Equi-
noxes ; was the first to use Right Ascensions and Decli-
nations ; probably invented the stereographic projection
of the sphere ; suspected that inequality in the Moon’s
motion afterwards discovered by Ptolemy, and known as
the Evection ; ealculated eclipses ; and formed the first
regular catalogue of stars in consequence of having ob-
served a temporary star burst forth in 131 B.c.

After the Christian Era the first illustrious name which
appears on the pages of Astronomical History is that of
Ptolemy of Alexandria, who lived from 100 A.p. to
170 A.p. e was both a writer and an observer. Iis
great work was the celebrated Meyday Yivrati, better
known by its Arabian designation of T%he Almagest.
This work contains, amongst other things, a review of the
labours of Hipparchus ; a deseription of the heavens, in-
cluding the Milky Way ; a catalogue of stars; sundry
arguments against the motion of the Earth, and notes on
the length of the year. To Ptolemy we owe the discovery
of the Lunar Evection, of the refractive properties of the
atmosphere, and of the theory of the universe which
bears his name,
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It is a remarkable fact that, great as they were in
almost every department of life, the Romans utterly
failed as men of science. Perhaps it would be more
accurate to say that they never tried their hands at phy-
sical science. This is the more remarkable when we
remember how great they were in everything else. They
were great lawyers, great engineers, great statesmen,
great generals, great scholars, great poets, great even in

» medicine and surgery, but as sailors they obtained but

moderate success, whilst for physical science they have
left us nothing to show.

During the first half-dozen centuries of the Christian
Era, Alexandria may be regarded as having been the
areat centre whence astronomical knowledge was dissemi-
nated throughount the world. But in 640 A.D., the Alex-
andrian school was broken up by the Saracens under Omar,
In the following century, on the building of Bagdad by
the Caliph Al-Mansar, that place became the great centre
of astronomy, and continued to be such for 400 or 500
years,

The names which have come down to us in this connec-
tion are not numerous, but they are individually weighty.
Grouping together various writers and workers under the
general name of Arabic or oriental astronomers, we fall in
with the following :—Albategnius, Alfraganus, Al-Sufi,
Iibn Yunis, and Abdl Wefa. Albategnius (eirea 880
A.D.) may be regarded as the most distingunished astro-
nomer between Hipparchus and Tycho Brahe. He dis-
covered the motion of the solar apogee, corrected the
value of precession and of the obliquity of the ecliptic as
previously received, formed a catalogue of stars, and was
the first to use sines and chords. Al-Sufi (d. 986 a.v.)
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was a distinguished Persian astronomer, who left behind
him a very curious and interesting catalogue of stars, of
which a translation into French was published by Schjel-
lerup at St. Petersburg, in 1874. Ebn Yunis and Abal
Wefa both lived about the year 1000 A.D., and greatly
developed the use of trigonometry. The latter is thought
by some to have discovered the Lunar inequality known
as the Variation,

In 1079, we find a Persian astronomer of the name of
Omar proposing to reform the Calendar by interpolating
one day in every fourth year, but postponing to the 33rd
year the interpolation belonging to the 32nd year. This
would have produced an errvor of only one day in 5000
years, whereas the error arising in the Gregorian Calendar,
adopted 5 centuries later, and which we now use, amounts
to one day in 3846 years, The acuteness and research of
this Persian philosopher may well excite our surprise and
admiration.

The translation of Ptolemy’s Almagest from Arabic
into Latin, and the work done in Spain under the
patronage of Alphonso X., King of Castile, indicate
a movement of astronomical knowledge in a western
direction over Europe. Accordingly, the revival of
letters, the invention of printing, and the taste for geo-
graphical research, cultivated especially by the English,
the Portuguese, and the Spaniards, gave a great impulse
to the exact sciences, and of course toastronomy amongst
them. Hence it follows that work and workers multiply
all over Western Europe, Germany taking the lead,
The names of several of the famous men of the 16th and
following centuries have already occurred in these pages
in connection with particular items of work which they
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did and with the results which they left behind. It may
serve to fix some of these names in the mind of the reader
if I enumerate a few of these men, and the centuries in
which they died.

During the 16th century we have Regiomontanus,
Copernicus, and Jordanus Brunus. The two first were
working astronomers in the fullest sense, but Jordanus
Brunus was rather a philosoph'eal speculator on astro-
nomical subjects than, strictly speaking, a working
astronomer.

In the 17th century we find Tycho Brahe (d. 1601),
Fabricius (d. 1616), Kepler (d. 1630), Galileo (d. 1642),

Torricelli (d. 1647), Descartes (d. 1650), Gassendi (d.-

1655), Hevelius (d. 1687), and C. Huygens (d. 1695).
This century produced the first star atlas, by Bayer, a
work which constituted a new departure in astronomical
records ; the refracting telescope ; the discovery of spots
on the Sun ; the discovery of the satellites of Jupiter
and of Saturn ; observations of transits of Venus and
Mercury ; pendulum clocks ; the reflecting telescope ;
the discovery of the progressive transmission of light ;
and important investigations into the theory of the Moon.
In 1666 Flamsteed commenced observations at Green-
wich Observatory, and by so doing laid the foundations
for that great and prolonged developement of scientific
work there which inspired Bessel, half a century ago, to
say that if all the books on astronomy in the world, and
all the observatories in the world, except Greenwich,
were destroyed by some great catastrophe of nature, the
whole science could be re-constructed from its founda-
tion by means of the knowledge gathered up and stored
at the Greenwich Observatory.
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All things considered, the 18th century did not show
such an advance over the 17th as the progress of leain-
ing and the multiplication of telescopes might have led
us to expeet. Although Newton lived on till the year
1727, yet he belonged much more to the previons century,
his immortal Principia having been published as far
back as 1687. The first and greatest of the 5 genera-
tions of the Cassini family who have left their mark on
French astronomy (Jean Dominique), though he died in
1712, yet performed all his important work (and very
important it was) during the second half of the 17th
century, The names which should be picked out and
attached to the 18th century are only Leibnitz (d. 1716),
who was more a mathematician than a scholar, Flamsteed
(d. 1719), J. P. Maraldi (d. 1729), Halley (d. 1742),
Bradley (d. 1762), La Caille (d. 1762), Ferguson (d.
1776), Pingré (d. 1746), and Le Monnier (d. 1799). A
detailed inquiry into the circumstances of the 18th cen-
tury discloses the general fact that the French came very
much to the front as observers and mathematicians ; that
the Italians to a considerable extent, and the Germans
almost entirely, receded into the background ; whilst the
progress of the English was chiefly in regard to practical
matters, such as nautical astronomy and navigation,
clocks, chronometers, and time appliances generally, and
the construction of astronomical instruments of precision.
But we must not pass away from the 18th century with-
out noting two very prominent points of progress, the in-
vention of the achromatic object-glass by Dollond, and
Sir W. Herschel’s success in the manufacture of the
reflecting telescopes, and in the use of them.

The progress of astronomy during the 19th century
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has been so absolutely great, that it is quite hopeless to
give even a sketch of it. However, nearly all the facts
which belong to this century, together with the names of
the men, and some of the dates, have already been
brought before the reader in previous chapters. The
only points which it scems possible to specify are :—the
great progress in the construction of large astronomical
instruments, and the application of photography and of
the spectroscope to astronomical purposes. But besides
these general points, it is impossible not to be struck
with the remarkable growth of the science in England
in the hands of amateurs ; in Germany, in the hands of
government establishments ; and in America, in connec-
tion with universities, colleges, and semi-public observa-
tories endowed by deceased benefactors. These are 3
well-marked national differences of modi operandi on
which a political astronomer would probably feel inclined
to comment at length, and draw moral lessons from.

CHAPTER XVI

CONCLUDING OBSERVATIONS ON THE USEFULNESS
OF ASTRONOMY,

'[T is much the fashion now to inquire very closely
into the commercial and utilitarian aspects of the
sciences which we are asked to teach or to study.
Tested by such standards Astronomy has nothing to
fear.

In these days nearly everybody uses a clock, or wears
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a watch, and on the accuracy with which these go
depend an infinite number of the duties and occupations
of daily life. These clocks and watches ave, of course,
made by mechanics, none of whom probably, from year’s
end to year's end,come in contact with an astronomer, or an
astronomical event or operation. But, however well these
workmen might do their work, the finished result would
be absolutely useless, both to them and to the public, were
it not for the self-denying labours of the astronomer in
sitting up, night after night, making the time records,
to be distributed subsequently through appropriate
channels, very much on the same principle as gas and
water companies distribute their gas and water.

Every year almost every educated Englishman buys
an almanack, and frequently also a diary. The very
groundwork of these publications are the facts relating to
the Sun, Moon, and planets, which the astronomer sup-
plies to the printers and publishers of these works, and
for which by the way he is, as a rule, very inadequately
paid.

Let me now say a word or two on another practical
aspect of the science of astronomy, which is one of the
very first importance to a maritime country like England.
There is a book in daily use amongst certain sections of
the community which is called the Nautical Almanack.
It comprises 500 or move pages of figures with scarcely
any text. Many thousands of copies are printed every
year by the Government, and are sold at the nominal
price of 2s. 6d. If the half-a-dozen gentlemen who all
day long throughout the year are engaged in the calcula-
tions which are required for the purposes of this book
were to adopt the fashionable methods in vogue for get-
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ting their wages raised, and were to indulge in a strike
and the Nautical Almanack were to cease to appe:u:
for any given year, then on the 1st of January of that
year not an ocean-going ship dare leave London, Liver-
pool, or the other ports of England. The only exception
to this statement which could be supposed would be
based on the presumption that some of the captains of
thesc ships had been able to obtain from France, Grer-
many,.Spain, or America, copies of the corresponding
wurks: issued by the governments of these nations.'

Th}s matter as it affects navigation is entirely a
question of the right time, so the problem of finding the
time may be said to be one which concerns our very
existence ; certainly our existence as a busy nation on
land and a powerful nation at sea. It was on this
account that so many efforts were made during the last
century by the English Government to obtain trust-
wortl}y chronometers for the Royal Navy, resulting in a
certain watchmaker named Harrison winning in 1744 a
Gove_rnment prize of £10,000 for one which conformed to
certain preseribed conditions,

The necessity to us as a nation of a correct knowledge
of Eha time both on land and at sea can hardly be over-
estimated. How many railway accidents have been
caused by a guard’s watch or a signalman’s clock going
wmr;g, and Fbui traifus arriving too late at junctions ; or
one train mistaken for an i isi
e other train, and collisions and

In navigation much the same incidents have often pre-

' Connaissance des temps (French); Berlinor Astronomisches

jc:kfhu?t'(ﬂorman); Almanagque Ndutico (Spanish); Ephemerides
trononiicas (Portuguese); American Nautical Almanack (U.8.).

T
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sented themselves. How many ships have been lost by
striking on invisible rocks in consequence of the cap-
tain being out of his reckoning—and this in consequence
of his chronometer being either too fast or too slow!
Happily these risks are being rapidly lessened, and the
increasing facilities for distributing true time on our
coasts by means of time-balls and time-guns, and inland
by the Postal Telegraph system, are bearing fruit in the
shape of fewer accidents and greater punctuality alike
with our ships and on our railways. It ought, however,
never to be forgotten that the visible prime impulse of
all this improved aceuracy as to time is due originally to
the very insufficiently paid staff of workers at the Royal
Observatory, Greenwich. Fig. 132 represents the means
employed at Greenwich and at a few other places to con-
vey to the public at large information as to the exact
time. A ball is raised to the top of a mast daily at 12.55,
and dropped exactly at 1.0.

The Post Office system does not, it is true, extend
everywhere, but even in out-of-the-way country places
there ought never to be any excuses now for the clock of
the village Church or of the village Institute being wrong,
for a little portable transit instrument, such as that devised
by Mr. Latimer Clark, the eminent engineer, or Mr.
Short’s © Rating Instrument,” should be regarded as an
essential piece of furniture in every country parish, in the
hands either of the squire or the parson.

The reader will by this time be able to realise the folly
of that most extraordinary utterance once made by a dis-
tinguished scholar of the present generation, and a Chan-
cellor of the Exchequer to boot—Sir George Cornwall
Lewis. This well-known man once wrote a very remark-
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able, yet cold and cheerless, book on the Astronomy of
the Ancients. It was remarkable by reason of the
number of the quotations from ancient authors which he
had dug up and recorded: it was cold and cheerless by

FIG. 133,—5[!011'1"3 BATING INSTRUMENT.

reason of the fact that, apparently knowing nothing of and
caring nothing for the science of astronomy, he set him-
self the task of writing its early history. Under no
other conceivable circumstances could it have come about
that a scholar and statesman should have deliberately sat
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down and have penned the astounding statement that
astronomy is a science “of pure curiosity.” The inti-
mate bearings of astronomy on the computation of time,
on the construction of almanacks, and on the navigation
of ships, abundantly suffice to veto any such idea. But
yet there remains another use of astronomy, and that by
no means the least obvious—the ideas which it suggests
to us respecting the existence of Design in Creation, and
respecting the Source from which that Design proceeds.

FIG. 134.—TOME OF HALLEY IN LEE CHURCHYARD,
e The main slad was removed to Greenwich Observatory in 1hsy
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i 2,010,544,000 2,858,736,000 2,884,640,000
$ ) o s
) —_ b x
il Distance from @ at Inf. o for
= | Inf. Planets, orat 3 for Sop, Planets.
§ | Max, Min, Mean,
SR T Miles. Miles,
o] 65,881,000 47,983,000 56,932,000
% 27,722,000 23,078,000 25,700,000
a 63,384,000 33,008,000 48,646,000
u 415,233,000 365,563,000 399,398,000
b 839,703,000 746,647,000 793,175,000
Ll 1,773,717,000 1,604,331,000 1,689,054,000
5 2,724.704,000 2,672,956,000 2,608,860,000
® il i =
LECY = = s
: Apparent Dismeter, | e o N
E From (3. From @)
E —
@ Max. | Min. | Mean. | Mesn, | @ =1, Miles. | B=x
Tl = L L " L ',-_
129 | 45 | 87 1773 038 3,008 014
g 652 | 975 | 37°3 |'230 | ©'94 7,480 089
+ wi o |170 1°00 7,026 100
& 304 | 41 | 1773 | 7°3 063 4,999 0°39
% |499 | 30 401 [ 377 | 113 | 85439 | 124'53
b 207 | 15X | 179 | 1775 945 75,036 8? 04
i 35| 32| 34| 36 389 | 30875 15°17
e 2'9 2'6 28 27 4'62 37,205 2135
" o r " r "
. 235|31 31/323 | — | 109°29 | 866,200 | 17946°33
(;: i_; ;? 39 21 31 26 48 027 2,160 0'07

ali
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= Volume. Mass, ] Density,
=
E\\ B=1 =1 ®=1 =1 W:l:!r
g 0'05 FTOVTTT o006 126 71
é 084 TrseT 078 092 52
1°00 saTTET 1'00 1'00 5'6
) 0°'25 TOTITTT 0’10 0'45 2'5
U Ig& 71 To'es 31704 0'23 1'2
73 4882 THeT 04'87 | o1 06
= 59'13 Frive 14'70 | 02§ 14
3 103'46 0 17°14 o1y 0'9
QD | 1,305,725'52 10 332,26000 | o025 | 1%
) o'o2 TITDOTET o‘or1 063 3’3,
% A nt Dinmeter o i 3
3 t%i':;:ervu at:lwfl']:ne*;.e llileihttolll'rg . : l;‘; L";':;:gu
g | Axial Rotation, Plasiaol
e r- ] @ =1 & =1 Ecliptic.
h, m i ¥
o] 82 49 2'58 6°67 24 § 30 63 ?
% 44 19 1'38 191 25 2¢ 23 73 32
2 3 1'00 1°00 23 56 4 66 32
g 21 2 | 065 043 24 37 23 | 61 18
U 6 10 019 0'03 9 55 21 86 355
b g 223 0’10 0'01 10 29 17 61 350
151 1 40 0’05 0°'003 9 30 1! !
53 R - 0'03 0°001 7 ?
d h. m
® 25 7 48 82 30
) & ar 9 43 88 30
| Veloeity of
Force of Gravity, Orbital Velocity. Rotution at
= Polar Equator.
_g Compression, oS F_ -‘- — o —‘ — —M‘l
il ree Ll 1
@ intsec, |@=%| perhour. |®=%| perhour,
3 7'6 04 107,012 | 1'60 392
é very small, 14'0 0'8 78,284 | 1717 1,006
T 16'0 1'0 66,570 | 1'00 1,040
3 44 03 53,938 | 081 638
1 T 409 25 29,203 | 043 | 28,001
g o 185 I'1 21,560 | 032 | 22,476
‘g 136 o8 15,202 | 0'22 10,210
bt ? 12°9 o8 12,156 | 0'18 ?
® ? 4616 287 s 4,477
) 4 2'4 01 2,273 | 003 10
R
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e53 -y
b 4 i3 3
= 200
s « BV8Y < %
AED
; g4 81° :
TR
Ea ‘6; ﬂ'; :."i .§ g %E e ;.;
——| 4B g A CATALOGUE OF CELESTIAL OBJECTS
. . g 8 o 88 -
w | 5| E "%2; B i den SUITABLE FOR SMALL TELESCOPES,
B |z 1] IERS 83
TR ™ - o . - -
< 0§ = =L P - HIS catalogue furnishes a series of objects for tele-
g - Egard 3l .- % scopes of about 3 in. aperture. Many of these
& = objects which are visible in England have been examined
(=} Tew = 7 v % : | @ ﬁ_ with an instrument of this size,
2 Bede] ... 115 | §
= no= ]
= ;%: 3&{. E b GLASE Soe g PART I.—DOUBLE, TRIPLE, AND MULTIPLE STARS.
. N o = i (1R : -
3 g EETy 8 = A 15> ¢ As a general rule, no stars are inserted which are less
= E 3 E - iy 10y than 3' or more than 45" apart. Also, as a general rule,
P A 2 .| =£% = o no principal star is included which is less than the 5%
gz %E £ o magnitude, and no secondary one which is less than the
E 2Es .| £ %E E 5 7% 3 but in some special cases these limitations have been
Zg.: E5A g disregarded. Many stars, double when examined with
= 4 TN £ I small telescopes, appear triple or quadruple in larger
g'éég = ol i 3 ones,
; ]
) AN No. Star, R.A. 180 |Deel. 1890,  Mags, | Ditfwceand
2 S - 4 S S —
i _'E‘a g 2 h.m. = e 4 "
I EES2 % . 1 B Touecani ...| o 26 30 | -63 34 both 5 28
“PEo = 2 | = Andromedsez| o 31 o|+33 6| 4bandg |35
y i 3 | n Cassiopeiee | o0 42 26 | +57 13 | 4and 73 5'1 Binary.
=d s o 4 | ¢ Piscium ...| o 59 47 | 4+20 53 both 5% | 20
5 | a Ursme Min. 118 14 | +88 43 | 24 and 9} | 184




No, Star. R.A. 180, |Decl. 1890.|  Maga. HAa, ot
i h.m. s T ! "
| 6 |y Arietis ...| 14729 | +1845| 4hand 83
7 | A Arietis 151 47| +23 3| shand 37
8 |a Piscinm 15621 |+ 214| s5and6 3'0
> 10'5; B
| 9 | Andromedw | 157 8 |-+41 48 | 3hand 54 { 1
| 10 |« Trianguli...| 2 530|+2047 | shandy 38
11 | ¢ Cassiopein 220 o|+66 54 | 43, 7, and 2 1and 7°
12 11z P.JLForn.| 229 1| -28 42 4357@&89 11 =&
13 [y Ceti ... 23736 |+ 233 3md87 27
14 | Persei 242 40 | +55 20 | sand8% | 28
15 | 0 Eridani 254 5|-4944| s5andb 83
16 |1z Eridani ...| 3 723|-2026| 3}and$ 2°6
17 [f Eridani ... 34433 (-3757| 5ands} | 85
18 |32 Eridani ...| 348 46 | - 3 16 sand 7 67
19 [ePersei .| 335028 (+3941| shando | 84
20 |rTauri... .| 435 3% |+22 44 5and 8 63
21 |« Pictoris ... 44828 |-5339| siandé6} | 123
22 |14 Aurigee ... § 8 14|+3233| Sand7d | 146
23 |BO0rionis ...| 5 915|- 819 “ranlg 0’5
24 (23 Orionis .| 517 3|+ 326 sand 7 31
25 | & Orionis 520623 |- 022 zand 7 | 53
26 |AOrionis  ...| 5290 5|+ 9351 4 and 6 4°3
| 27 | ¢ Orionis 530 3|-55 | 348 11 | 112 anld 49
= 1z and 42;
28 c(.)rllonra w| 533 3|- 238 4,8 andy { multiple
29 | Z Orionis §3512 |- 2 o 3, 64 10 2°6, 57
‘ 30 | rrMonocerotis| 6 23 29 | - 6 57 | 63, 7, and 8 &iézf 9
31 | V Puppis 635 41 | ~48 7 jand 7% | 1
32 | 38Geminornm| 6 48 26 | +13 19 55§ and 8 %‘3
33 |y Volantis ...| 7 940 |-70 19 sand 7 13
34 |a Geminorum | 7 27 35 | +32 7| 3and 3} 56
35 | ¢ Caneri 8 554 |+18 06,7, and 7} l(?stg“s‘;s 7
36 |yArgis ...| 8 6 8|-47 o 2 and 6
37 {124@.\’1!!.} 3 6 ¥
Chai 3332 |+19 56 | 7,74 64 | 45ando3

"
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No. Star. RA. 180, |Decl.1sgo.|  Mags. | Disianceand
h, m. 8 e 4 »
38 | 38 Lyncis g12 o437 16| 4and 7} 2'9
39 |y Leonis 10 13 54 | +20 23 2 and 4 2'6
40 | 54 Leonis 10 49 30 | +25 20 | 4dand 7 4
41 |EUmsse Maj. |11 1220 |+32 9| 4andsk 2'0 (1886)
42 |tLeonis .| 11 18 11 [411 8| 4and 7} 26
43 |17 Crateris ... | 11 26 490 [ -28 30 | shand7 87
44 |90 Leonis .| 11 28 59 | +17 24 | 6, 74, 9} 3'5and63
45 |1sP.XILCent.| 12 813 [ -45 6| shandy 4
46 | a Crueis 12 20 28 | - 62 29 | 14, 2, and § |{ 3 20 TH
1 elowy
47 | 17 Coms Ber. | 12 23 25 | +26 30 | 4band6 gg\\?:r]. i
48 | & Corvi ... 1224 11 | -15 54| 3and8} |23
49 |y Crucis 1225 2| -5629 2and 5 (120
50 |24 Come Ber. | 12 29 36 | +18 58 | shand7 | 20
1 |y Virginis ...| 12 36 5 |- 0 50 both 4 5°3 (18835)
55'.2 3; Can. Venat. | 12 50 53 | +38 54 | 24 and 6} | 20
14'4; Alcor,
A mag, 5, i
53 |£Urse Maj. | 131029 45530 | 3ands; lii:ﬁmi Eﬂ
1y,
¢Bodtis  ...|14 1217 | +51 52| shand8 |38
§‘; 5893 Lac.Cent.| 14 14 44 | -57 57 | 6,8L 11 | 96and 35
56 [a Centamri ...| 14 32 7 | =60 22 1 and 2 14'0 (1883)
57 | = Boiitis 14 35 33 [ +16 53 | 3handé 50
58 | 54 Hydree 14 39 30 [ -24 58 | shand7} 2:0. fan
50 | & Bobtis 14 40 11 | 427 32| 3andy cgl;)l'll'ﬂ.
6o | E Bobtis ... | 14 46 18 | +19 33 | 33 and 63 3'3 (1887)
61 | 44 Boitis 15 011 |448 § 5 and 6 47
62 (& Lupi ... .| 15 416 | —48 [g 5[:6am.l g 22'1 oo
63 | p Lupi ... 15 10 52 | =47 2 5, 6, and 303;"!\1;(1
64 | p Bobtis 15 20 21 | +37 45 4 and 8 { ?:E'l’,]’g
‘ .
65 +10354 | 3andgs I 34

& Serpentis ... | 15 29 33




ASTRONOMY.
Star, R.A. 18g0. | Decl. 1890, Mags. Dilltenm:md
G h. m. s .6 4 a6 6.
oron® ...| 15 35 14 | +36 59 | s5an 2
7°1; Aalso
67 |EScorpii .| 1558 19| ~11 4| 4%and 7} donble
(x1%)
13'6; Aalso]
68 | B Scorpii 1559 2|-19 30| 2ands} o;'h;e
0'9").
69 | Herculis ...| 16 3 6| +17 20| shand7 3(0 Y
40;
70 |vScorpii .| 16 536 -1910| gandy double ;
07", 20",
71 | o Seorpii 16 14 30 | —25 16 | 4 and o} 20
3'?‘: two
e starsnear
72 |p Ophiuchi ...| 16 18 59 | =23 11 | 35and 7} St s
trio,
73 | 17 Draconis... [ 16 33 37 | +53 8 |6, 64 and 6| 37 and go
74 | pt Draconis ... | 17 g 3|+54 37| 4and4} 2'6
75 36[A)0phmclu 34| -206 25| ghand6f | 46
76 |a Herculis ...| 17 0 38 | +14 30 | 3iand 47
77 | 39 Ophiuchi...| 17 11 18 | ~24 9| 5iand ;g 10'8
78 |p Herenlis ...| 17 19 53 | +37 14 | 4and s} 39
79 |» Draconis ... | 17 30 "o | 4355 15 hot,l:ds 62
8o (¢! Draconis...| 17 43 54 [ +72 12 | shand6 | 31
81 (67 Ophiuchi...| 17 55 8|+ 2356| 4and8 |53
82 195 Herculis...| 17 56 50 | +21 35 | siand 6 61
83 |70 Ophiuchi... | 17 59 :.3 4+ 2 32 4 and 6 2o (1886)
84 |40 Draconis... | 138 +70 50 | sdandé 20
85 |eLyre .. .| 18 40 a1 | +39 33 | 3,63, 5, 58 3A“E";’:7_”
86 |ZLyre.. ..|184050|+37 20| sandsi |44
3.
87 [BLyr®... ..|1846 1 |+3314 g\;gr.}.ds, 4;; Oy aud
,andg
88 |6 Berpentis ... | 18 50 45 |+ 4 3| 4band 3 | 217
89 | B'Sagittarii... | 19 14 43 | 44 40 | 4dandB | 29
9o |BCygni .| 1026 17 | +27 43 3and 7 34
91 |0 Cygni ...| 20 10 10 | +46 24 | 4, 74, 5% | 107 and 338

A CATALOGUE OF
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No. Star, R.A. 1890, |Decl. x8g0.|  Mags, THscs aad
h., m, s " "
376 [use
92 | a® Capricorni | 20 11 §7 | =12 53 3and 4 low
] power].
93 [k Cephei ...| 2012 35 |+77 22| 44and 8} | 772
94 ,6' Capricorni | 25 14 50 | =15 7 | 33and7 | 205
95 |y Delphini ...| 20 41 33 | +15 43 | 4and 6} | 11°3
106; A
96 |« Equulei 20 53 35 |+ 3 52| shand7d Elog,h}e
1°0”).
97 | 61 Cygni 21 157|438 12| shand6 | zo(1884)
93 | 1 Pegasi 21 17 o | +19 24 4andg | 37
99 | B Cephei 21 27 14 [+70 4| 3and8 | 133
o0 ({24 H 21 35 33 | 56 59| 6,84,8 | rr7andzo
101 |uCygni .| 21 39 12 | +28 15 | 5, 6,and 74| 3°9and208
102 "e'cgﬁ'i'ei 22 035|464 5§ ’5and7 66 -
11 P. XXI1. 253
10, 3 22 2| +58 4 6 and double
3 { Cephei } 45 5 64 (06",
104 |33 Pegasi 22 18 21 | +20 17 |6}, 10, and 8| 1°g and 63
105 | & Aquarii  ...| 2223 9|~ 035| 4and4} 3°2 (1879)
106 | 8 Cephei 2225 5 |+57 51| 4tandy 4%: Avar.
107 |8* Lacertwe ... | 22 30 58 | +39 3 |6},68 11,10 “‘::mm
108 | y Piscis Aust. | 22 46 25 | —-33 27 sand g 3’5 1




ASTRONOMY,

PART II.—OLUSTERS AND NEBULZ.

Many clusters and nebule arve visible with small tele-

scopes, which cannot in any satisfactory way be examined
by such instruments. The largest and brightest only
have been selected for insertion in this list ; and many of
these will be found disappointing.

In the column of Synonyms—

D refers to Dreyer’s New General Catalogue of 1888,
M ,»  Messier’s Catalogue.
S&C, Smyth and Chambers’s Cyele of Celestial

Objects (2nd ed. 1881, Clarendon
Press).
No. lisheoe - AN T e eariam | R.A. 1890, | Deel. v6go.
D |M|[S&C| hm s B
t | gy Toveani .o e | 104 | uic 17| 0190 9| —-72 41
2 | Andromeda ... ... | 224 | 31 35| 036 47 | +40 40
3 | Nubecula Minor ... | 292 | .. | .. 048 41 | -73 58
4| Toncan ... e oo | 362 | ca | oo 038 31 | —-71 26
5 | Cassiopeia... ... .. | 581 103 78| 12556 | +60 7
6 | Triangulum ... .. o8 | 33 80| 127 38| +30 6
7 Pemei%: o T 369 we | 133| 2 11 20| +56 38

Nl o sw e

Superh glohular cluster, 15’ to oo’ in dismeter, Central sturs pale rose colour; onter
ones white,

The great nebula; an elongated ellipse 2° long.

Visible to the naked eye,

A highly condensed eluster, 4 in dinmeter.

A fine fleld,

Large roundish fuint oval nebula, 4o/ in dinmeter % ; resolvable into siars.

The magnificent donble closter in the sword-handle of Persens : sturs g to 14 mag,
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No|  glemesr | Grwymiaviiom | pg e | Deksaie
D MIS&C| bhm » "

8| Persens ... .. o | 1030 | 34| 152 | 2 34 57| +42 15
O I Taart aes o weel ]l et | e | BEE| 3 40ISEN] e S
20|y TN et ees! Veiefl| s fees | 2410] 433 30| eleab i
11 | Colnmbe e o | IBER] b | s § 1020 | —40 10
12 | Auriga we | 1012 | 38| 320 | 522 2| +35 44
13 '\Iuhecnla. Ma}or s 524 6| —69 34
14 | Taurus ... ... .. [1952| 1] 341 | 527 1| 421 56
15 | Auriga .. .. .. | 1960 )| 36| 343 | 520 2| +34 4
16 | Orion v oo v o | 1976 [42 | 348 | 52952 | - 527
17 | Orion ... ... sl 3 53 4| - 425
18 | 30 Doradiis 53 53920| =60 9
19 | Auriga ... 2099 | 37| 376 | 545 2| +32 31

Gemini ... s .. | 2168 | 35| 388 | 6 2 4| +24 26
21 | Canis Major .. ... | 2287 |41 | 437 | 642 13| —20 37
22 | Monoceros... ... ... |2323[(50| 451 | 65741 | — 8 10
23 | Puppis ... .. .. |2437 |46 | 496 | 7 36 47 | —14 27
24 | Puppis_ e e | 24771 | 500 | 748 23| —38 15
25 | Argo Navis LT (S 7 56 31 | =60 34

10
1
12
13
4
15

16

17
8
L

a
o2
a3
24
5

A flue group of rather large stars,

The Pleindes,

The Hyndes : a seattered gﬂmp of rlther large stars,

Bright globular ¢l 3 ind

Cruciform eloster. In same fleld, 50 B i# 39 1l vil. Tn & rich neighbonrhood.

Visible to the naked eye.

The * Crah ™ nebula, Large elliptical nebola, resolvable into stars,

A neat eloster of g to 11 mag. stars, pear M 38, with double star in Beld, dist, 1o,
Mags. 8 and 9.

The great nebula in Orion, with multiple star involved, The most magnifieent of
the nebulm,

A brillisnt fleld, 1* N, of 6.

Very lurge and irregular nebuln.

Compnet closter of small sturs,

Fine large eluster of g to 16 mag. stars, In same fleld to the N, is a neat cluster of
small stars, 17 Kl vi,

Large seattered cluster, 4° below Sirins,

Cluster; rather more than § from Sirios to Procyon.

Large loose closter of smnll stars, 8 to 13 mag., with faint planetary nebuln involved,

Snperh eluster, 20 in diameter,

Cluater of 200 or more stars, visible to the naked eye,
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Na|  Gomtellstion, O ogvenr ™™ | BA. 1tp0. | Decl. 1850

D | M|S&C| h m. s s ik
o Puppis | e i e 2247 we| 527 | 8 7 25| —48 56
27 | Canose .0 e e 32 | 44| 547 | 8 33 55| +20 19
28 | Cancer ... .. .. |2682 |67 | 558 | 84510 +12 12
29 | Carineg ... ... ..|2032|..| 606| 9 31 13| —46 26
30 | Ursa Major ... .. | 3031 | 81| 617| 946 23| +60 38
31 | Umsa Major .. .. | 3034 82| 617 94627 | +70 20
32 [ Carina .. .. .. [)3114].. | 62 959 8| -509 35
33 &uArgﬁs iy wen wee | 3372 | e f O 1040 47| =59 6
34 taurns... ... .| 3532 ..1 684 |11 150| -58 4

35 | UmsaMajor ... ...|3587 |o7| 6oz |11 8 19| 455 36

36 | Coma Berenices ... | 4382 | 85| 813
37| Virgo... .. o ..|4472|49| 825 ]| 1224 8| + 8 36
38 | Virgo... ... .. .| 4501 |88 83t
39 | Canes Venatici ... | 4736 | 04 | 867 | 12 45 43
40 | kCrucis ... .. .. (4755 |..| 80| 1247 7

41 | Coma Beronices ... | 4826 | 64 | 879 | 12 51 19 | +22 16
42 | Coma Berenices .., | 5024 | 53| 807 |13 7 30| +18 45
43 o Centauri

12 19 49 | +18 47

12 20 26 | +15 1
+41 43
=59 45

- | 5139 13 20 10 | - 46 44

No. Name or

Syuonym in ::‘10“ R.A. 18g0. | Decl. 18g0.

Constellation, Catalogu

9
=28

31
32
33

3s
36
37
38

40
i
42

43

Large loose cluster, fully 2o/ in diameter,

The fine cluster ** Prosepe.”

Lurge eluster of small stnrs, 10 to 15 mag.

Large rich el . upwards of 1% in di ’

Bright elliptieal nebuln, 15’ long, ¢ wide 4.  In same ficld is M 8.

Long narrow nebula, s bright ray, 7' long, 1" wide 4. In mme feld is M 81.

Large loose cluster,

A very lurge and remurkable nebula,

Large seattered eluster,

Large plasctary nebuls, 34/ to 4f dinmeter,

Round nebala; with attentive gaze, perhaps bi-nuelear ; rather fnint,

Roonil nebula, which becomes suddenly much brighter in the eentre.

warge elliptical nebula, rather faint.

Bright, large, round nebula; resolvable, Muoch brighter in centre,

Rich loose cluster, containing many coloured stars,

Very large, hright, elliptical nobula, with stellar nocleus,

Very large, very fine, globular cluster of y2-mag. stars; 3’ diameter; very com-
pressed,

Fine globular closter,

44 | Canes Venatiei ... | 5194 | 51 | 9;% 13 25 13 | +47 45
45 | Canes Venatici .. | 5272 | 3| 928 |

71 Sy 1. . ¥ 0t N S W 7 R T &t B
f{? SCOTPI0  .eo s oa | 6003 | 80 1080 | 16 10 26 | -22 43
48 | Scorpio ... .. .. | 6121 | 4| 1089 | 16 16 53 | —26 14
49 | Hercules ... .. .. | 6205 | 13| 1115 | 16 37 45 436 39
50 | Ophiuchus... .. .. | 6218 | 12 | 1121 | 16 41 31 | — T 45

st | Ophiuchus... ... ... | 6254 | 10 1136 | 16 51 22 | - 3 56
52 | Scorpio .. .. ... | 6206662 | 1139 | 16 54 14
53 | Ophiuchus... .. .. | 6273 | 19 | 1141 |
54 gphmchus v o | 63331 9| 1163 | 37 12 37
55 | Hercnles ... .. .. | 6341 | 92 | 1165 17 13 46 | +43 15

oy
D {M S&C| b ma | o

1337 3| +28 55

-29 55
-26 56

16
55 48 = 18

56 | Ara ... .. we e | 6397 | oo | 1285 | 17 31 43 | —53 36
57 | Ophinchus... .. .. 6402 | 14 | 184 | 173150 | — 311
8 | Ophinchus... .. .. | ... o s e+ 343
59 | Ophinchus... .. ... | 6494 | 23 | 1203 | 17 50 2 -18 §
6o | Sagittarius w .. | 6514 | 20 | 1210 | 17 5541 | —23 I
44 Remarkably singular double neb,, the lurger & diam. 3, and ring-shaped, Spiral neb.

Very superb globular cluster of yr-mag, stars, very condensed ; brighter than, bat
not so large as, 13 M, Lo Y o i
A{ hit su lobular cluster of stars, 11 to 15 mags.; mpressed,
Grgn‘::rmdntzr:fsu-mng. stars (Herschel): u round bright nebuls in ordinsry
telescopes. N
Rather loose cluster, compressed in eentre, but dim. Precodes a Svorpii by about xg'.
Large superb globular cluster of stars, 11 to zo megs. One of the finest of its
cluss,
Fine globulsr cluster of small stars, 1o mag,, mach compressed,
Fine large globular cluster of small stars, xo to 15 mags,, much compressed.
Large bright globular claster of very small stars, 14 to 16 mags.
Bright globular cluster of very small stars, 16 mag., very com
Bright globular cluster of small stars, 14 mag., o' diaweter +.
Magnificent globular cluster of small stars, condensed in centre.
Globular eluster,
Fine large globular cluster of small stars, 15 to 16 mags,, 4/ diameter 3.
Large group of bright stars, closely nf 8 Ophiuchi. B.A.0, 6ora.
Interesting group of small stars,
An open cluster of stars, superposed npon & singular trifid nebulons mass, Requires
s lurge telescope,
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PART IIL—MISCELLANEOUS OBJECTS.

The following list contains objects which are not within
the scope of the two foregoing sections; to wit, coloured
and variable stars not smaller (for the most part) than
magnitude 7%, and, in the case of variables, of short
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Mo, Consteliatioo. o e diatogoen, " | BA. 18go. [ Decl. 1850
D |M|S&C| b m. s °

61 | Sagittarine ... ... |6523| 81214 | 17 57 8| —-24 22
62 | Scutum Sobieskii ... 3 | 24 | 1238 | 18 11 44 | —18 26
63 | Scutum Sobieskii ... | 6611 | 16 | 1239 | 18 12 34 | —13 49
64 | Scutum Sobieskii ... | 6613 | 18 | 1240 | 18 13 30 | =17 10
65 | Scutum Sobieskii ... | 6618 | 17 | 1242 | 18 14 16 | - 16 14
66 ittarius ... ... | 6656 | 22 | 1257 | 18 29 28 | -23 50
66; Antinous ... .. .. | 6705 11 | 1280 | 18 45 ;g - 0 24
Lym wi s a | 6720 | 57 | 1287 | 18 49 +32 53

69 o wse e ane | 6779 | 56 | 1321 | 10 12 16 | +29 50
70 Sagltta.rms 38| 71| 1372 | 19 48 49 | +18 29
71 | Vulpecula... ... .. [6833 |27 | 1377 | 19 54 48 | +22 25
72 | Capricornus 1| 72| 1446 | 20 47 24 | —12 36
73 | Pegasus ... 7078 | 15 | 1484 | 21 24 38 | +11 40
74 | Aquarius ... .. .. |7089| 2| 1489 | 212744 - 1 19
75 | Capricornus ... .. [7099 | 30| 1493 | 21 34 7| -23 39
76 | Lacerta ... . .. [ 7243 | wo | 1526 | 22 11 57 | +49 19
77 | Cassiopeia... ... ... | 7789 | .. | .. | 235035 +56 6

61

63
64
65

67

71
72
73
74
75
76

Irregular eluster with nebuls adjoining. A pretty low-power field,
Globular cluster of emall lun, 15 mag., in o superb feld of sturs,

A loose cluster with nebul
Very rich field. :
The * Horse-shoe " nebuls, In ordinary telescopes more the shape of a swan.

Fine large globular cluster of stars, 11 to 15 mags,

Exceedingly beantifol aggregation of small stars of about xx mag.

The * Annular " nebnla in Lyra, midway between g and ¥,

In w fine fleld ; a globular cluster of small sthrs, 11 to 14 mags., 3 dismeter,
Cluster of small stars, 11 to 16 mags., 3’ diameter 4.

The  Dumb-bell ™ nebula ; oval in shape ; major axis lons. minor uxis 5’ 4.
Lurge muss of very small stars, 3 dinmet A globul

Fine globular cluster of very small sturs, 5 dinmeter <+, much mmpﬂﬂud in centre
Fine globular cluster of very small stars, 5’ diameter &,

Globular cluster of small stars, 12 to 16 wags., o’ dismeter 4., rather fuint,

A magnificent Beld of stars,

A soperb cluster of small sturs and star dust, 11 to 18 mags,

BT

periods :—
No, Name, R. A, 18go. | Decl. 18go. | Mag. Notes,
h. m, & s
1| -Pisciom ... ...| 110 4| +2511|% Fieryrecflu;.
2 | R Seulptoris ...| 12154| -33 7|6 Ei:mmle-md'
Max. 2; gene-
rallyinvisible
3|oCeti ... .o .| 21347 | - 328 |var ]“fm“rf:;m
Fma oran
& 3 R wltll;lbao lma
4|aCeli.. .. .| 25631 | + 339]2 neighbour in
the field to
the N.
s |pPersei .. .| 3 1 zl' 440 31 [var. {ng“::d";'};':);h’
| |
6 | 65 Birm. Camelop, | 3 32 21 | 462 17 | 7 | Pale crimson *.
7 |W.B.IV.585End.| 429 8| - 910 |6 |Fieryred®*.
| 7 [Deep orange®.
8 |50rionis ... ..| 447 38| + 2 19| 5% “Probah]y
var.'
Max.6; min.o;
. o 4
9 |R Leporis ... .| 454 36 14 58 |var. <5 mtense
erimson *,
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R.A. 18g0. | Decl. 18go. |Mng. Notes.,
h, m. » o
10 | 899 H. P. Orionis | 45043 | + 1 1|7 {lr"ef;“:’j“ fiery
11 | - Leporis ... .| 5 638| —12 7% | Deep red *.
| (5705 | 26| 47 5| Very red *.
ery red *
13 | U Orionis ... 54917 | 420 9o | 6% Pe;yod'*' 5-
Fiery re
14 | 5 Lyncis ... 617 12| + 828 |5} In a stnkmg
15 | 144 Birm. Gemin. | 6 19 11 | +14 46 | 7 isll:-yellow'.
16 |2130B. A.C. Aur.| 628 50| +3832|6 Deepli::rmd'
17 | p Canis Majoris... | 6 51 3| -13 54 | 5% | Fi
Fle red *.
18 | 14776 Lal. Puppis | 728 44 | —14 17 | § Brilliant field
19 | 17576 Lal. Caneri | 8 49 11 | +17 39| 7 ¢ crimson *.
zg 3I§IBACA.I‘g0.5 9 3 13| —2524 | 43 | Deep red *.
Max. §; mo:l.:l:
21 |R Leonis .. ..| 941 39| +11 56 |var. {;‘;’2" ;per;mlé
| erimson *,
22 | 2874 Brish. Antlie | 10 7 5| -34 46 |7 Scﬁ;get. ) :
23 3630 B.A.C. Ant. | 10 30 20 [ —38 50 | 6} | { otiEt 0%
24 /13637 B.A.C.Hyd.| 1032 7| -1248 | 6 Fmr” red
"Copperred'
25 | 20918 Lal. Hydree | 10 46 16 | —20 37 | 7 mostt.‘l’nagmﬁ
. cen
Red *; follow:g
26 | R Crateris ... 1055 8| —17 44 |var. {g“ﬁ:;d 81;
min. 9
27 | 4287B.A.C.Cen, V.| 12 30 57 | +46 2 | 5% {bﬂe:n b
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No. Nams, R.A, 1890, | Deel. 1850, IMng. Notes.
| I_
b m, 8 . ey
Intense blood-
r ] red *; in the
28 | 291 Birm. Crucis | 12 40 58 | ~59 5| 8} |4 field with 3
Crucis, a
; white *.
29 | 208 Birm, Drac.... | 12 52 5| +66 35| 7 ale crimson *,
30 | 328 Birm. Boitis | 14 19 14 | +26 12 | 74 | Vivid red *,
31 |8 Libre ... 1511 5| - 858 |23 Iéﬂrzgtlfulpala-
32 | 347 Birm. Apodis | 1504 3 | -7532 |7 [{ %, lieb
33 | 39 Libree 15 30 21 | =27 46 | 4 | Decided red ';
34 | a Scorpii 162239 | =26 11 | 1 {I:Ilg:t-{vleae:;t 3.,
W. B. XVIL Fiery red
35 912 Ophi. 17 46 57 | + 1 20 | 6} { Fmg field.
36 | 422 Birm. Ophi.... | 17 52 9 | + 2 44 | 7% : IE'P?%!;E :
37 | 35611 Lal. Aquilee | 18 58 32 | — 5 50| 73 {Va?: n,"'f‘?::
38 | 4 Vulpeculs 19 20 38 | +19 35 | 54 0&:" * :fine
39 |6702B. A.C. Drac. | 19 25 30 | +76 21 | 6} sri’:{.’."'..“fgz,
40 | 36981 Lal. Sagit. | 1928 o| 16 36 | 7 l%,eaﬂgi;ego;w;
41 6769 B. A. C.Cyz.| 19 40 16 | +40 26 | 6 | Fiery red *.
Max. 4; min.
> o ; period,
42 | x Cygni ... 19 46 20 | +32 38 |var. .«;06d Fieryred
| when ap-
i ronch, max,
. ax. 3°6; min,
43 | n Aquile .., 19.46 52 | + 0 43 var|d 47 i period,
44 | 526 Birm. Sagit. |20 o012 | -27 32 |7 gep7red »
45 | 545 Birm. Capric. | 20 10 40 | —21 38 I 734 | Decided red *,
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ll No. Name, R.A, 1890, | Deel. 18g0. '!‘ll[. Notes.
b, m, » ;S
‘Max. 7; min.
11 f; l'iﬂ'i
46 | U Cygni 20 16 12 | +47 32 [var|{ & “miﬁﬁ
contrast wi
a blue * nf.
Remarkab
47 |61 P. XXL Ceph. | 21 959 | +59 38 | 734 t'Ee red *.
€ T ar-ll
48 | 8745 Lac. Indi. ... |21 14 19 | =70 11 | 6 %by-qra.n 1;1
49 | 589 Birm. Cygni | 21 37 23 [ +35 © |7 |{ farvred *,
Max. 4 ; min.
6; A:leriod,
50 | p Cephei 21 40 8| +58 16 |var.|4 or & years:
“very fine
deep garnet.”
51 | 42431 Lal. Aquarii | 21 40 50 | - 2 43 | 6} D%Iqided rzd;{'.
r, e‘ry I .'
52 {A&’ +65: 169‘} 21 54 22 | +65 37 | 64 | { Blue*6)mag.
phei. ... near p.
Max. 34 ; min.
4% ; riod,
53 | & Cephei 22 25 § | +57 51 |var. §36‘ range
i blue
comes
54 {Arg+57 256’} 22 30 23 | +57 36 | 73 | Fieryred *,
55 Ancﬁ'omedm |23 12 38| +48 24 | 5 | Fieryred ®,
56 | 19 Piscium ... ... 234045 | + 2 52 | 5% ]??f"‘,]:rdf.ed'
Max. 5; min.
57 | R Cassiopeim 23 52 49 | +50 46 |var. {%do', Piosd
58 | 30 Piscium ... 235619 | - 637 | 4% Fieryré"

INDEX.

BERRATION of light, so.
Aberrations, spherical and
chromatie, of telescopes, 202.

Achromatism of telescopes, z02.

Adams, J. C., his researches in
connection with Neptune, 102;
his researches as to meteor
comets, 153.

Airolites, 147 ; chemical consti-
tution of, 147; distribution
of, through the year, 148,

Airy, Sir G. B., his researches
on the Moon's motions, 6o,

Alecyone, one of the Pleiades,
169, 185.

Aldebaran (a Tauri), 161, 169,

Algol (3 Persei), a variable star,
181.

Almanack, 233; Foreign Astro-
nomieal, 234.

Al-8ufi, his Oatalogue of Stars,
220.

Altair (a Aquile), 161, 168,

Altazimuth instrument, 214;
stand, 204.

Altazimuth mounting for re-
flectors, 205.

Andromeda (constellation), 165;

moleors of, 1543 great nebula
in, 188.

Annular eclipse of the Sun, 109,
113

Annular nebul®, 187.

Antares (a Scorpii), 161, 171,

Aphelion, Sunin, 47 ; derivation
of the word, 12.

Apogee, meaning of the word,
13; Moon in, daring eclipses,
110.

Apparent movements of the
planets, 30, 70.

Apsides, Line of] 13.

Aquarius (constellation), 171,

Aquila (constellation), 167.

Arabian astronomy, 228.

Are of the meridian, measure-
ments of, 40,

Arcturns (a Bodtis), 161, 166.

Areas, Equal, Kepler's Law of,
11, 12.

Argelander, ¥. G, A, 174.

Argo, great mebula in, 195;
star 5 in, 195.

Ariel (satellite of Uranus), 244.

Aries (constellation), 168

Aristarchus, 227.
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Ascending node of an orbit,
107.

Ascension, Right, 212, 227.

Asteroids. See Minor Planets.

Astronomieal instruments, 201.

Astro-photo-heliograph, 214.

Atlases, celestial, 163.

Auriga (constellation), 166.

Aurora Borealis and spots on
the Sun, 25.

Autumnal equinox, 48.

Axial rotations of the planets,
241; and See the several
planets.

Axis of the earth, 38,

Baily's * Beads,"” 114.

Ballic Sea, tides in, 45.

Base-lines, measurement of, 42.

Bayer, J., his Star Atlas, 230.

Belts, of Jupiter, 82; of Salurn,

Berliner Astronomisches Jahr-
buch, 234.

Bessel, I'. W., his remark on
the Greenwich Observatory,
231,

Bible references to astronomical
matters, 226.

Biela's comet, 141, 156.

Binary stars, 175.

Bode, J. E., his go-called Law,
78.

Bond, G. P., his estimate of the
thickness of Saturn's ring,
100.

Boites (constellation), 166,

Brahe, Tycho, 7, 183.

Brorsen's periodical comet, 144.

Calendar, reform of, 229.

Calorific rays of the Sun, 26.

Cancer (constellation), 169;
cluster in, 169, 185,

Canes Venatici, spiral nebula
in, 189, 191.

Canis Major (constellation), 1683
star a in (Sirius), 161, 168.
Canis Minor (constellation), 168.

Canopus (a Argiis), 161.
Capella (a Aurige), 161, 166.
Capocei, observations of Sun-
spots, 21.
Capricornus (constellation), 171.
Cassegrainian telescope, 204.
Cassini, J. D., his observations
of Saturn’s ring, 94.
Cassiopein (constellation), 165.
Castor (a Geminorum), 169.
Catalogne of Celestial Objects
for small telescopes, 245.
Centaurus, 15t magnitude stars
in, 161.
Cephens  (constellation), 165;
variable star in, 181.
Ceres (minor planet), 78, 8o.
Cetus, variable star in, 181.
Chaldean astronomy, 225.
Chromatic aberration, 202.
Chromosphere of the Sun, 26.
Chronology, light thrown upon
by ancient eclipses, 124.
Circle, Declination, 208.
Circle, Hour, 208,
Climate, depends upon the in=
clination of a planet's axis, 45

e e e
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Clocks, regulation of, 212, 235.

Clusters and nebunlm, 184; ar-
ranged in three classes, 184;
gix kinds of nebule, 187;
catalogue of important, 250.

Clusters, list of irvegular, 191.

Coloured stars, 178.

Colambns, Christopher, anec-
dote of, 125,

Coma Bergnices, 186.

Comets, 132; remarkable, 145;
distances of, 10; notices of,
Ly Shakespeare, 134; one
seen during an eclipse, 120.

Comet-seeker, 214.

Comparative sizes of the Samn
and planets, 8.

Compression of Mereury, 36 ; of
Venus, 37; of the Earth, 33;
of Mars, 74; of Jupiter, 82 ;
of Saturn, g1 ; of Urunns, 102;
of Neptune, 104.

Conmaissances des Temps, 234.

Constellations, 162,

Copernican system, 6, 10.

Copernicus (Lunar mountain),
67.

Corona in eclipses of the Sun,
26.

*Crab " nebula in Tanrus, 192,

Crabtree, W., observes the tran-
sit of Venus of 1639, 126,

Cross, the Southern, 170.

Crux (constellation), 170.

Cygnus (constellation), 167,

Darkness during eclipses, 113.
D’Arrest’s periodieal comet, 144.

Dawes, W. R., 243.

Day, length of, 46.

Declination of a heavenly body,
212.

Declination axis of an equa-
torial, 200.

Deimos (satellite of Mars), 77,
242.

De La Rune, W., drawing of
Satum by, 92.

Density of the Sun, 16, 241; of
the planets, 241.

Descending node of an orbit,
107.

Diameter of the Sun and pla-
nets, 240; and See the several
plane's.

Dione (satellite of Saturn), 243.

Distanee of the Sun, how men-
sured, 128,

Dollond, G., invents the achro-
matic telescope, 202, 231.

Donali's comet, 146.

Dorado, the great nebula in,
104.

Double stars, 174; Catalogue
of, 245.

Draco (constellation), 166,

¢ Dumb-bell ” nebula, 196,

Earth, 37; dimensions of, 38;
nearly a sphere, 39 ; dinmoter
of, 42 ; shine, 68 ; eccentuicity
of the orbits of planeis, 239;
and Sees the several planets.

Eeclipses, general outlines of],
106.

Eelipses of the Moon, 108, 121,
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Eclipses of the Sun, 109. Gassendi, P., 230.
Eclipses o1 Jupiter's satellite, | Gemini (constellation), 169.

85.

Eeliptie, obliquity of, 46.

Eygptian system described, 5.

Ellipse, properties of, 12.

Elliptic nebule, 188.

Elongation of the planets, 30.

Enceladus (satellite ot Saturn),
243.

Encke's comet, 144; distanceof,
10,

England, constellations visible
in, 164.

Equatorial inslrument, 206;
English form, 206; German
form, 206, 209, 210.

Tquinoxes, 48; precession of,
49.

Eye-pieces, 202.

Facul® on the Sun, 26.

Faye's periodical comet, 144.

Fireballs, 148.

Flames, Red, 115 ; spectroscopic
observations of, 222.

Fomalhant (a Piscis Australis),
161,

Fraunhofer, J., his investiga-
tions on the solar spectrum,
219; his *Lines,” 220,

Full Moon, 108.

Galilean telescope, 203.
Galileo, discovers the phases of
Venus, 37 ; bis observation of

Salurn, 93; his telescope, |

203,

Geodesy, 39.

Geography much mixed wup
with astronomy, 38.

Globular clusters, 187.

Gravitation, theory of, 14.

Greek aslronomy, 227.

Greenwich Observatory, 231,
235.

Gregorian telescope, 204.

Halley, E., his comet, 144; his
tombstone, 238,

Harrison, chronometer maker,
234

Harvest Moon, 68.

Hercules, cluster in, 186.

Herschel, Bir W., his sidereal
gpeculations, 19o; his tele-
seopes, 204, 231.

Herschel, Sir J. F. W., 186,
188, 189, 194, 197, 198.

Herschelian telescope, 204.

High water, 43.

Hipparchus, 227.

History of Astronomy, skelch
of, 225,

Holland, Sir H., ancedoie of,
104.

Horizontal parallax, 129.

Horrox, Rev. J., observes the
transit of Venus of 1639, 126.

“ Horse-shoe " nebula, 196,

Hour-circle, 208.

Huggins, W., 223.

Humboldt, A., Von, his observa.
tions of shooting stars, 152.

e

—_‘
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Huygens, 0., 94.

Hyades, the, in Taurus, 185,
Hyperbolie comets, 143.
Hyperion (satellite of Saturn),

243

Iapetus (satellite of Saturn),
101, 243.

Inclination of the ecliptie, 46;
of the orbits of the planets,
239.

Inferior planets, 28.

Instruments, astronomiecal, va-
rious, 211, 214.

Intra-Mercurial planets, 29.

Iron, meteorie, 148.

Jupiter, 81; a superior planet,
70 ; period, &e., 11 ; belts on,
82; spots on, 82; perhaps self-
lnminous, 83; satellites of, 83;
influence of, on comets, 138.

Kepler, his Laws, 103 the first,
11, 12; the second, 11, 13;
the third, 11,

Kirchhoff, his spectroscopic re-
searches, 221, 223.

Lassell, W., 243.

Leo (constellation), 159,

Le Verrier, U. J. J., 29; his re-
searclhies in connection with
Neptune, 103.

Lewis, Sir G. O., bis Astronomy
of the Ancients cited, 237.

Libra (constellation), 171.

Librations of the Moon, 62.

Light, aberration of, 50; pro-
gressive transmission of, 89;
veloeity of, go.

Lockyer, J. N., 224.

Longitude of the Moon, 108,

Low water, 43.

Lumidre cendrée on the Moon,
68

Lyra (constellation), 166; an-
nular nebula in, 188; mul-
tiple star in, 178.

McClean’s star spectroscope,
214,

Magnetism, terrestrial, and solar
spots, 23.

Magnitude of stars, 157, 161;
JTi#y of stars of the 1st magni-
tude, 161.

Mars, 74; a superior planet,
70; period, &e., 75; red colonr
of, 77 ; snow on, 77 ; satellites
of, 77.

Mass of the Bun, 16; of the
planets, 241; of comets, 138;
and See the several planets.

Mediterranean Sea, the tidesin,
45.

Medinm, resisting, 146.

Mercury, 28, 31, 35; transits of,
126.

Meridian cirele, 213.

Messier, great observer of me-
bule, 198.

Meteors, 147.

Meteorie stones, 147.

Milky Way, 198.

Mimas (satellite of Saturn), 243.
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Minor planets, 78; are superior
planets, 70; summary of facts,
79.

Mira Ceti, 181.

Montigny, C., his researches on
Twinkling, 174.

Moon, 59; phases of, Go; li-
brations of, 62; telescopic
appearance of, 63 ; monntains
of, 64; these volecanie, 66;
“ old Moon in the new Moon's
arms,"” 68 ; harvest Moon, 68;
brightness of, 69; alleged in-
fluence on the weather, 69;
eclipses of, 108, 121.

Moonlight, brighiness of, 69.

Motions of the planets, inferior,
30; superior, 70; of comets,
141,

Mountains, suspected on Venus,
373 on the Moon, 64.

Multiple stars, 178.

Naked eye, number of siars
visible to, 174.

Nautical Almanae, 212, 233.

Neap tides, 44.

Nebule, 187.

Nebalous stars, 190,

Needle, magnetie, varintion in
the declina‘ion of, 25.

Neptune, 102; asuperior planet,
70; cireumstances which led
to its discovery, 102.

Newlon, Sir I., his system, 6
applies to the comet of 1680
his theory of gravitation, 15;
investigates cometary orbits,

142; invents the telescope
which bears his name, 204;
his experiment on the com-
position of Sun-light, 217;
his Principia, 15, 231.

Newtonian telescope, 204.

Node, ascending, 107 ; descend-
ing, 107 ; of the Moon's orbit,
107.

November meteors (Leonids),
152, 155,

Nubeeula Major, 186.

Nubecula Minor, 186,

Nucleus, of & Sun-spot, 21 ; ofa
comet, 136.

Nutation, 50.

Objeet-glass, 2oz,

Obliguity of the ecliptic, 46.

Observatory, 215, 217,

Oberon (satellite of Uranus), 244.

Ocenltations, 131; table of, an-
nually given in the almanacks,
131; oceultation by a young
Moon, 132 ; of Jupiter's safel-
lites, 83.

Opera-glass, 204.

Oplical double stars, 175.

Orbits, of planets, 11 ; of comets,
143; of donble stars, 173,

Orion (constellation), 168; the
great nebula in, 193, 194.

Ordnance Survey, 41.

Parabola, 142, 143.

Parallax, 52; experimental il-
Instration of, 54; horizontal,
of the Sun, 120,

TN T——————

Pegasus (constellation), 165.
Penumbra, of a solar spot, 20;
geen during eclipses of the

INDEX, 265
Pleiades, 169, 185.
Pliny, 182.
Polaris (a Ursm Minoris), 153,
165.

Moon, 122.
Pericles, anecdote of, 125.
Perigree, definition of, 13.
Perihelion, Earth in, 12 ; mean-
ing of, 12,
Periodie comets, 143.
Periodicity of shooting stars,
I51.
Periods of the planets, 239.

Perseus (comstellation), 165;

meteors of, 154 ; variable star
in, 181.

Perturbations of Uranus by Nep-
tune, 102.

Phases, of an inferior planet,
34; of Mercury, 33, 35; of
Venus, 37; of the Moon, 6o ;
of Mars, 75; of Jupiter, 82;
of Saturn’s rings, 96; of a
eomel, 140.

Phobos (satellite of Mars), 77,
242.

Photography, 3.

Photo-heliograph, 214.

Photometry of the Sun and
Moon, 17, 69.

Photosphere, solar, 25.

Pisces (constellation), 171.

P anetary nebulws, 189,

Planets, epitome of the motions
of, 11, 30, 70; Kepler's laws,
11 ; inferior, 28 ; superior, 28 ;
movements of, 30; transit ob-
servations of, 126.

Plato (lunar mountain), 64.

Polar axis of a telescope, 206.

Pole, definition of, 158; North,
158; South, 159.

Pole-star, 158, 165.

Poles of Mars, snow at the, 77.

Pollux (8 Geminorum), 161, 169.

Prmsepe, in Cancer, 185.

Precession of the equinoxes, 49.

Principia, Newton's, referred to,
15, 231.

Procyon (a Canis Minoris), 161,
168,

Prominences, solar, 116.

Ptolemy, C., his system, 5; his
works, 227.

Pythagorean System, 5.

Quadrature of the Moon, 62.

Quadruple stars, 178,
Quarters of the Moon, 62.

Radiant points of meteors, 151

Rainfall and Sun-spots, 23.

Rating instrnment, 237.

Red Flames in eclipses of the
Sun, 115,

Red spot on Jupiter, 82.

Red stars, 178 ; catalogne of im-
portant, 255.

Reflecting telescope, 201.

Refracting and reflecting tele-
seopes compared, 204.

Refraction, 55; its nature, 55;
results of, 57.
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Regulus (2 Leonis), 169.
Resisting medium, 146,
Refrograde motion of a planet,
2
Rhea (satellite of Saturn), 243.
Rigel (3 Orionis), 161, 168.
- Right Ascension, 212.

Rings of Saturn, 94.

Romans not astronomers, 228.

Romer, his observation of Ju-
piter's satellites, 8g.

Roscoe, 8ir H. E., his interpre-
tation of spectroscopic experi-
ments, 221.

Rosse, Earl of, 189, 192, 196, 198;
his observations on nebule,
198.

Rotation, of the Sun, 22 ; of the
planets, 241 ; and See also the
several planets.

Rotundity of the Earth, 39.

Sagittarius (constellation), 171.
Batellites, of Mars, 77; of Ju-
piter, 83; of Saturn, 100; of
Uranus, 102; of Neptune, 104,
Saturn, 9o; a superior planet,
70; statistics relating to, go;
belts on, 92; spots on, 93;
rings of, 94; phases of, 96;
satellites of, 100.
Saracen astronomy, 228,
Behiaparelli, J. V., observations
of Mars, 77; of meteors, 155,
Schmidt, J. F. F., 183.
Schriter, J. J., his observations
of Mercury, 36.

Schwabe, H., observations of
Sun-spots, 24.

Scorpio (constellation), 171.

Scutum Sobieskii, nebula in,
196.

Seas, lunar, 66,

Seasons on the Earth, 45.

Secchi, A., his star types, 223,

Sextant, 213.

Shadow cast by Venus, 37.

Shooting stars, 150.

Sidereal periods of the planets,
230.

Sirius (« Canis Major), 161, 168,

Smyth, Admiral W. H., 189.

Snow, suspected, on Mars, 77.

Solar system, 4.

Spectroscope, observations of
the Bun by means of, 25,218;
of comets, 222 ; of stars, 223;
of nebule, 224.

Spectroscope, 213 2173
McClean's star spectroscope,
214.

Speetram analysis, 217.

Spherical aberration, 202,

Spherical form of the Earth,

39.

Spica Virginis (« Virginis), 161,
170.

Spiral nebule, 189,

Spots on the Sun, 20; discovery
of, 230; on Jupiter, 82; on
Saturn, 93.

Spring tides, 44.

Stands for telescopes, 204.

Stars, 156; of the 1st magni-
tude, list of, 161; constella-
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tions, 162; double, 174; bi-
nary, 175; coloured, 178;
variable, 179; temporary, 183;
nebulous, 190; spectroscopy
as applied to, 223.

Btratum theory of the Milky
Way, 200.

Struve, 0., 98.

Sun, 16; heat and light of, 17
spots on, 18; distribution of
these, 20; duration fo, 21;
rotation of, 22; periodicity
of spots, 24; cause ol spols,
25; photosphere, 25; chro-
mosphere, 26; corona, 26;
diameter of, from different
planets, 27 ; spectroscopy as
applied to, 222.

Sunrise and sunset, distortion
of Sun and Moon at, 57.

Superior planets, 28, 70; move-
ments of, 70.

Symbols of the major planets,

239
Synodical period of a planet,
73

Tables, of the major planets,
239; of the satellites, 242.

Tails of comets, 137.

Taurus (constellation), 169 ;
 Crab™ nebula in, 192.

Telescopes, 2ol ; two kinds of,
201 ; reflecting telescopes,201;
refracting telescopes, 202 ; the
Gregorian reflector, 204 ; she
Cassegrainian reflector, 204;

the Newtonian reflector, 204 ;
the Herschelian reflector, z04.

Temporary stars, 182,

Tethys (satellite of Saturn),
243.

Tides, 42.

Time, determination of, by
transit instrument, 212, 237;
by the sextant, 213.

Time-gnus, 235,

Time-ball at Greenwich, 235.

Titan (satellite of Saturn), 100,
243,

Tihﬁia. (sateliite of Uranus),
244.

Total eclipses of the Sun, 109,
112,

Trans-Neptunian planet (sup-
posed), 104.

Transit circle, 213.

Tyransit instrument, 211.

Transit theodolite, 40.

Transits of planets, 126; of
Jupiter's satellite, 87; of
Venus, importance of, 127.

Triple stars, 177.

Tuttle’s periodical comet, 144.

Twilight, 47, 58.

Twinkling, 172.

Tycho Brahe, 7, 183.

Umbriel (eatellite of Uranus),
244.

Uranus, 101, a superior planet,
70; discovery of, 101.

Ursa Major (constellation), 164 ;
planetary nebula, 97 M.,in, 189.

Ursa Minor (constellation), 164.



Variable stars, 179; B Persei,
181; & Cephei, 181; o Ceti,
181,

Vega (« Lyrm), 161, 166.

Velocity of light, go. :

Venus, 28, 35; transits of, 126,

Vernal equinox, 48.

Vesta (minor planet), 8o.

Virgo (constellation), 169 ; many
nebule in, 197.

Vogel, H. C., 224.

Voleanic formation of the Moon,
66.

Volume of the Sun, 241 ; of the
planets, 241.

Vulean {supposed planet), 29.

ASTRONOMY.

Vulpeeula  (constellation),
“Dumb-bell " nebula in, 196,

“Whirlpool ” or spiral nebule,
189.

Winnecke's periodical comet,
144.

‘Wollaston, F., 219.

Young, C. A., his observations
of solar prominences, 116.

Zodiac, motion of the Moon
through, 107; constellations
in, 168.

Zone of Sun-spots, 2o,
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z-inch papier mach¢ from 32s. Finest quality lenses,
2-fnch “Delta ™ (steel tube, brass fittings) from 38s. 64,
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Ma.’ART:_rUR_ MEE (President of the Astronomical Society of Wales)
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these * Burnerd’ telescopes.”
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WATSON’S TELESCOPES.

BRITISH MADE AT BARNET, HERTS.

WATSON’S “CENTURY” TELESCOPES

Are the best and most convenient extant for the use of Amateurs.
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The Objectives are of the world renowned Watson-Conrady series, Type 1L
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SECOND-HAND ASTRONOMICAL TELESCOPES.
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