




































































2 ASTRONOMY.

though in a less degree, and showing us by its changes
that there is some difference between it and the sun;
for while the sun always appears round, because we receive
light from all parts of its surface turned towards us, the
shape of the bright or lit-up portion of the moon varies
from night to night, that part only being visible which is
turned towards the sun.

4. Again, if we examine the heavens more closely still,
we may see, after a few nights’ watching, one, or perhaps
two, of the brighter “stars” change their position with
regard to the stars lying near them, or with regard to the
sun if we watch that body closely at sunrise and sunset.
These are the planets; the ancients called them “ wan-
dering stars.”

5. But the planets are not the only bodies which move
across the face of the sky. Sometimes a comet may by
its sudden appearance and strange form awaken our
interest and 1nmake us acquainted with another class of
objects unlike any of those which we have previously
mentioned.

6. Such are the celestial bodies ordinarily visible to us.
Far away, and comparatively so dim that the naked eye
can make little out of them, lie the nebulee, so called
because in the telescope they often put on strange cloud-
like forms ; they differ as much from stars in their ap-
pearance as comets do from pianets.

7. There are other bodies, to which we shall refer by
and by. But we will, in this place, content ourselves with
stating generally what Astronomy teaches us concerning
star and sun, moon and planet, comet and nebula.

8. To begin, then, with the stars. So far from being
fixed, and being stuck as it were in a hollow glass globe,
which state of things would cause all to be at pretty
nearly equal distances from us, they are all in rapid mo-
tion, and their distances vary enormously ; although
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fire, compared to which a mass of white-hot iron is as
cold as ice.

11. What, then, are the planets? We may first state
that they are comparatively small bodies travelling round
our sun at various distances from him. Our earth is
one of them. A moment’s thought on what we have said
about the sun and stars will, however, show us another
important difference between the planets and the sun. We
have seen that the sun is a white-hot body ; our earth, we
know, is, on the contrary, a cold one : all the heat we get
is from the sun. Because the earth is cold it cannot give
out light any more than a cold poker can. Astronoiners
have learnt that all the other planets are like the earth in
this respect. They are all dark bodies—having no light
in themselves—and they all, like us, get their light and
hcat from the sun. When, therefore, we see a planet in the
sky, we know that its light is sunshine second-hand ; that,
as far as its light is concerned, it is but a looking-glass
reflecting to us the light of the sun.

We have now got thus far: planets are dark,
or obscure, or non-self-luminous bodies travel-
ling round the sun, which is a bright body—
bright because it is white hot; and the sunis a
star, one of the stars which together form our
universe; the reason that it appears larger and brighter
than the other stars being because we are nearer to it than
we are to the others. It seems likely that the other stars
have planets revolving round them, although astronomers
have as yet no positive knowledge on the matter, as they
are so very far away that the telescopes we possess at
present are not powerful enough to show us their planets,
if they have any.

12. We now come to the moon. What is it? The
moon goes round the earth in the same way as we have
seen the planets revolving round the sun: it is in fact
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In other words, the moon travels round us at a distance
of 240,000 miles, while we travel round the sun at a
distance of 91,000,000 miles.

15. We thus see how it is that the greater size of the
sun is balanced, so to speak, by its greater distance ; the
result being that the large distant sun looks about the
same size as the small near moon.

16. We already see how enormous are the distances
dealt with in astronomy, although they are measured in the
same way as a land-surveyor measures the breadth of
a river that he cannot cross. The numbers we obtain when
we attempt to measure any distance beyond our own
little planetary system convey no impression to the mind.
Thus the nearest fixed star is more than 19,000,000,000,000
miles away, the more distant ones so far away that light,
which travels at the rate of 186,000 miles in a second of
time, requires 50,000 years to dart from the stars to our
eyes ! :

17. In spite, however, of this immensity, the methods
employed by astronomers are so sure that, in the case of
the nearer bodies, their distances, sizes, weights, and
motions are now well known. We can indeed predict
the place that the moon—the most difficult one to deal
with—will occupy ten years hence, with more accuracy
than we can observe its position in the telescope.

18. Here we see the utility of the science, and how
upon one branch of it, PHYSICAL ASTRONOMY, which
deals with the laws of motion and the structure of the
heavenly bodies, is founded another branch, PRACTICAL
ASTRONOMY, which teaches us how their movements may
be made to help mankind.

19. Let us first see what it does for our sailors and
travellers. A ship that leaves our shore for a voyage
round the world takes with it a book called the “ Nautical
Almanack,” prepared b¢forekand—three or four years in















THE STARS AND NEBULAE. Ir

26. In spite, however, of this great remoteness, the

distances of some of them are known with considerable

accuracy. Thus, leaving the sun out of the question, we
find that the next nearest is situated at a distance which
 light requires three and a half years to traverse.

27. From the measurements already made, we may say
that, on the average, light requires fifteen and a half
years to reach usfrom a star of the first magnitude,
twenty-eight years from a star of the second, forty-three
years from a star of the third, and so on, until, for stars
" of the 12th magnitude, the time required is 3,500 years.

. 28. Winding among the stars, a beautiful belt of pale
light spans the sky, and sometimes it is so situated, that
we see that it divides the heavens into two nearly equal
portions. This belt is the Milky Way; and the smallest
telescope shows that it is composed of stars so faint, and
apparently so near together, that the eye can only per-
ceive a dim continuous glimmer.

29. We find the largest stars scattered very irregularly,
but if we look at the smaller ones, we find that they
gradually increase in number as their position
approaches the portion of the sky occupied by
the Milky Way. In fact, of the 20,000,000 stars
visible, as we have stated, in powerful telescopes, at least
18,000,000 lie in and near the Milky Way. This fact
must be well borne in mind.

80. Adding this fact to what has been said about the
distances of the stars, we can now determine the shape
of our unmiverse. It is clear that it is most extended
where the faintest stars are visible, and where they appear
nearest together; because they appear faint in conse-

_ quence of their distance, and because their close packing
does not arise from their actual nearness to each other,
but results from their lying in that direction at constantly
increasing distances. Indeed, the stars which give rise to
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the appearance of the Milky Way, because in that part
of the heavens they lie behind each other to an almost
infinite distance, are probably as far from each other as
our sun is from the nearest star.

81. The Milky Way, then, indicates to us, and traces
for us, the direction in which our universe has
its largest dimensions; the absence of faint stars in
the parts of the sky furthest from the Milky Way shows
us that the limits of the universe in that direction are
much sooner reached than in the direction of the Milky
Way itself. We gather, therefore, that its thickness is -
small compared with its length and breadth. This flat
stratum of stars is split, as we might split a round piece
of thick cardboard, in those regions where we see the
Milky Way divided into two branches, and here its
edge is double. Our sun is situated near the point at
which the mass of stars begins to divide itself into two
portions ; and, as there are more stars on the south side
of the Milky Way than there are on the north, we gather
that our earth occupies a position somewhat to the north
of the middle of its thickness.

32. But although the Milky Way thus enables us to get
a rough idea of the shape of our universe, as we might
get a rough idca of the shape of a wood from some point
within it by seeing in which direction the trees appeared
densest and thickest together, and in which direction it
was most easy to pierce its limits, still what the telescope
teaches us, and what we know of other similar universes,
shows that its boundaries are most probably very
irregular.

33. The Magellanic Clouds, called the Nuwbecula
Major and Nubecula Minor, visible in the southern
hemisphere, are two cloudy oval masses of light, and are
very like portions of the Milky Way, but they are
apparently unconnected with its general structure.
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49. Here, then, there can be no doubt that the stars are
connected, and such pairs are called pAysical couples,
to distinguish them from the o p¢ical couples,in which
the component stars are really distant from each other,
and have no real connexion ; their apparent nearness to
each other heing an appearance caused by their lying in
the same straight line, as seen from the Earth.

50. Where the distance of a physical double star is
known, we can determine the dimensions of the orbit of
one star round the other, as we can determine the Earth’s
orbit round the Sun. Thus we know that the distance
between the two stars of 61 Cygni is 4,275,000,000 miles,
and yet the two stars seem as one to the naked eye.

51. The stars are not only of different magnitudes
(Art. 22), but the brilliancy of some particular stars changes
from time to time. If the variation in the light is, as
it is generally, slow, regular, and within certain limits,
stars in which this is noticed are called variable stars,
or,shortly, variables. In some cases, however, the increase
and decrease have been sudden, and in others the limits
of change have been unknown ; and hence we read of
new stars, lost stars, and temporary stars, in addition to
the more regular variables. There is little doubt, however,
that all these phenomena are the same in kind, though
different in degree.

52. The variation is, of course, determined by the
different magnitudes of the stars at different times, and
the amount of variability is measured by the extreme
magnitudes. The period of the variability is the
time that elapses between two successive greatest bright-
nesses.

53. We give a table of a few variable stars, in order
that the foregoing may be clearly understood :
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we assume all these phenomena to be due to the fact that
we have here a long-period variable star which is very
bright at its maximum and fades out of view at its mini-
mum, we may expect a reappearance of the star in the
year 1885.

56. We now come to the new star which broke upon
our sight last year, in the constellation of Corona Bo-
r2alis, and which was observed with much minuteness and
with powerful methods of research not employed before.
This star was recorded some years ago as one of the
ninth magnitude. In May, however, it suddenly flashed
up, and on the 12th of that month shone as a star of the
second magnitude. On the 14th it had descended to the
third magnitude,—the decrease of brightness was for some
time at the rate of about half a magnitude a day, and
towards the end of May it was less rapid. There is good
reason to believe that this increased brilliancy was due to
the sudden ignition of hydrogen gas in the star’s atmo-
sphere. Here we have a fact which must prove of the
highest importance, although we are not yet in a position
to do much more than speculate upon it.

57. The question of variable stars is one of the most
puzzling in the whole domain of astronomy. Mr. Balfour
Stewart, from his researches on the Sun—which is doubt-
less a variable star — thinks that “we are entitled to
conclude that, in our own system, the approach of a
planet to the Sun is favourable to increased brightness,
and especially in that portion of the Sun which is next
the planet.” In the case of variable stars, the hypothesis
which was formerly thought to give the best explanation
of the phenomenon is that which assumes rotation on an
axis, while it is supposed that the body of the star is not
equally luminous on every part of its surface.

58. If, instead of this, we suppose such a star to have
a large planet revolving round it at a small distance, then,
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61. In the double and multiple stars, however, we meet
with the most striking colours and contrasts; Jofa (u)
Cancri, and Gamma (y) Andromede, may be instanced.
In Efa (n) Cassiopee we find a large white star with
a rich ruddy purple companion. Some stars occur of
a red colour, almost as deep as that of blood. What
wondrous colouring must be met with in the planets lit
up by these glorious suns, especially in those belonging
to the compound systems, one sun setting, say in clearest
green, another rising in purple or yellow or crimson ; at
times two suns at once mingling their variously coloured
beams! A remarkable group in the Southern Cross pro-
duced on Sir John Herschel “the effect of a superb piece
of fancy jewellery.)” It is composed of over 100 stars,
seven of which only exceed the tenth magnitude ; among
these, two are red, two green, three pale green, and one
greenish. blue.

62. The colours of the stars also change. If we go
back to the times of the ancients, we read that Sirius,
which is now green, was red ; that Capella, which is now
pale blue, was also red.

63. In some variable stars the changes of colours
observed are very striking. In the new star of 1572,
Tycho Brahe observed changes from white to yellow, and
then to red; and we may add that generally when the
brightness decreases the star becomes redder.

64. The size or diameter of the stars cannot be deter-
mined by our most powerful instruments ; but we know
that, as seen from the Earth, they are, in consequence
of their distance, mere points of light, so small as to be be-
yond all our most delicate measurement. The M oon, which
travels very slowly across the sky, sometimes (as we shall
see by and by) gets before, or eclipses, or occults, some
of them; but they vanish in a moment—which they would
not do if they were not as small as we have stated.
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68. Now the vapours produced in the photospheres
ascend to form the atmospheres, and these atmospheres
absorb the light given out by the photospheres. A piece
of coloured glass will teach us what absorption is. Thus
a green glass is green because it absorbs all other light
but the green ; it is a sort of sieve, which stops every ray
of light except the green ones. So on with glasses, solids,
vapours, or liquids of other colours. Now the colours of
the stars may be influenced not only by the degree of
heat of their photospheres, but in the amount of absorp-
tion produced by their atmospheres. Our Sun at setting,
for instance, seems sometimes blood red, in consequence
of the absorption of oxr atmosphere ; if the absorption
were in his own atmosphere, he would be blood red
at noonday. Concerning the caxses which produce the
changes, both in colour and brightness, we must confess
that, after all, we are yet ignorant.

69. It is remarkable that the elements most widely
diffused among the stars, including hydrogen, sodium,
magnesium, and iron, are some of those most closely
connected with the living organisms of our globe.

We shall be able, when we come to examine the struc-
ture of the nearest star—the Sun—to obtain a more
detailed knowledge of the structure of the stars generally.

70. Having now dealt with the peculiarities of indi-
vidual stars,—that is to say, their distance, arrangement,
colour, variability, and structure,—we next come to the
various assemblages or companies of stars observed in
various parts of the heavens.

71. In the double and multiple systems (Art. 47) we
saw the first beginnings of the tendency of the stars to
group themselves together. In some parts of our system
this tendency is exhibited in a very remarkable manner,
the beautiful group of the Pleiades affording a familiar
instance. The six or seven stars visible to the naked eye
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the head of a fish. On this account it has been termed
the Fish-mouth nebula.

84, Two other fine irregular nebulae are visible in
the Southern hemisphere: one is in the constellation
Dorado, the other surrounds Eta (n) Arglis. The latter
occupies a space equal to about five times the apparent
area of the Moon.

85. We have classed the ring-nebulee and elliptical
nebule together because probably the latter are, in several
instances, ring-nebul® looked at sideways. The finest
ring-nchula is the 57th in Messier’s catalogue (written
57 M. for short). It is in the constellation Lyra. The
finest elliptical nebula is the one in Andromeda to which
we have before referred. This nebula, the 315t of Messier’s
catalogue (31 M.), when viewed in large instruments,
shows several curious black streaks running in the direc-
tion in which the ngbula islongest.

86. The spiral or whirlpool nebula are repre-
sented by that in the constellation of Canes Venatici
(51 M.). Inan ordinary telescope this presents the ap-
pearance of two globular clusters, one of them surrounded
by a ring at a considerable distance, the ring varying in
brightness, and being divided into twq in a part of its
length. But in a larger instrument the appearance is en-
tirely changed. The ring turng into a spiral coil of nebulous
matter, and the outlying mass is seen connected with the
main mass by a curved band. 33 M. Piscium, and g9 M.
Virginis, are other examples of this strange phenomenon,
which indicate to us the action of -stupendous forces of a
kind unknown in our own universe,

87. The fourth class, or planetary nebule, were
so named by Sir John Herschel, as they shine with a
planetary and often bluish light, and are circular or
slightly elliptical in form. 97 M. Ursa Majoris and
46 M. Arglis may be taken as specimens.
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“ unless at a remoteness that would occupy light in over-
spanning it sixty thousand years.”

92. An idea of the extreme faintness of the more dis-
tant nebulee may be gathered from the fact, that the light
of some of those visible in a moderately-large instrument
has been estimated to vary from 154 to zgdgo Of the
light of a single sperm candle consuming 158 grains of
material per hour, viewed at the distance of a quarter
of a mile: that is, such a candle a quarter of
a mile off is 20000 times more brilliant than
the nebula!

93. The phenomenon of variable, lost, new, and tempo-
rary stars has its equivalent in the case of the nebulz, the
light of which, it has been lately discovered, is in some
cases subject to great variations.

94. In 1861 it was found that a small nebula, dis-
covered in 1856 in Taurus, near a star of the tenth magni-
tude, had disappeared, the star also beloming dimmer.
In the next year the nebula increased in brightness again.
The compressed nebula 8o M. in May 1860, appeared as
a star of the seventh magnitude. During the next month
it recovered its nebulous appearance.

95. In Art. 30 the marked character of the distribution
of the stars of our universe, giving rise to the appearance
of the Milky Way, was pointed out. The distribution of
the nebule, however, is very different; in general they
lie out of the Milky Way, so that they are either less con-
densed there, or the visible universe (as distinguished
from our own stellar one) is less extended in that
direction. They are most numerous in a zone which
crosses the Milky Way at right angles, the constellation
Virgo being so rich in them that a portion of it is termed
the nebulous region of Virgo. In fact, not only is the
Milky Way the poorest in nebulae, but the parts of the
heavens furthest away from it are richest.
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easy, therefore, as we shall see by and by (Chap. VIIL.), to
determine its size ; and here again, as in the case of the
distances of the stars, we arrive at figures which convey
scarcely any ideas to the mind. The distance from one
side of the Sun to the other, through its centre—or, in
other words, the dzameter of the Sun,—is 853,380 miles.
Were there a railway round our earth, a train, going at
the rate of 30 miles an hour, would accomplish the journey
ina month : a railway journey round the Sun, going at the
same rate, would require more than nine years. In this
way we may also obtain the best idea of the Sun’s distance
from us—a distance travelled over by light in eight and a
half minutes. A train going at the speed we have named,
and starting on the 1st of January, 1867, would not arrive
at the Sun till about the middle-of the year 2,205 !

102. Such then are the distance and size of the centre
of our system. If we represent the Sun by a globe about
two feet in diameter, a pea at the distance of 430 feet will
represent the Earth; and let us add, the nearest fixed star
would be represented by a similar globe placed at the
distance of 9,000 miles.

103. More than 1,200,0co Earths would be required to
make one Sun. Astronomers express this by saying that
the volume of the Sun is 1,200,000 times greater than that
of the Earth; but as the matter of which the Sun is
composed weighs only one quarter as much, bulk for bulk,
as do the materials of which the Earth is made up, taken
together, 300,000 Earths only would be required in one
scale of a balance to weigh down the Sun in the other.
That is, the mass, or weight of the Sun, is 300,000 times
greater than that of our Earth.

104, The Sun, like the Earth or a top when spinning,
turns round, or rotates, on an axis; this rotation was
discovered by observing the spots on its surface, about
which we shall have much to say in the next Lesson. It
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is found that the spots always malke their first appear-
ance on the same side of the Sun; that they travel across
it in about fourteen days; and that they then disappear
on the other side. This is not all : if they be observed
in June, they go sfraight across the sun’s face or disc
with a dip downwards; if in September, they then cross
in a curve; while in December they go straight across
again, with a dip upwards: and in March their paths are
again curved, this time with the curve in the opposite
direction.

105. Now it is important that we make this perfectly
clear. We know that the Earth goes round the Sun once
a year. It has been found also that its path is so level
—that is to say, the Earth in its journey does not go up
or down, but always straight on—that we might almost
imagine the Earth floating round the Sun on a boundless
ocean,both Sun and Earth being half immersed in it. We
shall see further on that this level—this plane— called the
plane of the Ecliptic—is used by astronomers in precisely
the same way as we commonly use the sea level. We
say, for instance, that such a mountain is so high above
the level of the sea. Astronomers say that such a star
is so high above the plane of the ecliptic.

106. Well then, we have imagined the Earth and Sun |
to be floating in an ocean up to the middle—which is the
meaning of half immersed. Now, if the Sun were quite
upright, the spots would always seem at the same distance
above the level of our ocean. But this we have not found
to be the case. From two opposite points of the Earth’s
path (the points it occupies in June and December) the spots
are seen to describe straight lines across the disc, while-
midway between these points (September and March)
their paths are observed to be sharply curved,in one case
with the convex side upwards, in the other with the con-
vex side downwards. A moment’s thought will show that
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Sometimes charnges are noticed, after the lapse of an hour
cven: here a portion of the penumbra is seen setting
sail across the umbra; here a portion of the umbra is
melting from sight; here, again, an evident change of
position and direction in masses which retain their form.
The enormous changes, extending over tens of thousands
of square miles of the Sun’s surface, which took place in
the great sun-spot of 1865, are shown in Plate IV.

1138. Near the edge of the solar disc, and especially
about spots approaching the edge, it is quite easy, even
with a small telescope, to discern certain very bright
streaks of diversified form, quite distinct in outline, and
either entirely separate or uniting in various ways into
ridges and network. These appearances, which have been
termed faculee, are the most brilliant parts of the Sun.
Where, near the edge, the spots become invisible, undu-
lated shining ridges still indicate their place—being more
remarkable thereabout than elsewhere, though everywhere
traceable in good observing weather. Faculz may be
of all magnitudes, from hardly visible, softly-gleaming,
narrow tracts 1,000 miles long, to continuous compli-
cated and heapy ridges 40,000 miles and more in length,
and 1,000 to 4,000 miles broad. Ridges of this kind
often surround a spot, and hence appear the more con-
spicuous ; such a ridge is shown in Fig. 1, Plate IV.;
but sometimes there appears a very broad white platform
round the spot, and from this the white crumpled ridges
pass in various directions.

114. So much for the more salient phenomena of the
Sun’s surface, which we can study with our telescopes.
There is much more, however, to be inquired into ; and here
we may remark that the Sun himself has bestowed a great
boon upon observational Astronomy ; and, whether brightly
shining or hid in dim eclipse, now tells his own story, and
prints his image on a retina which never forgets, and withal



THE SUN. 47

so docilely, that each day he is visible at the Kew Obser-
vatory a young lady “takes observations which surpass
immeasurably in value those made by the hardest-headed
astronomers of bygone times.

115. We may begin by saying, that the whole surface of
the Sun, except those portions occupied by the spots, is
coarsely moittled,; and,indeed, the mottled appearance
requires no very large amount of optical power to render
it visible : in a large instrument, it is seen that the surface
is principally made up of luminous masses—described by
Sir William Herschel as cor7ugations. The luminous
masses present to different observers almost every variety
of irregular form : they have been stated to resemble
“rice grains,” “granules or granulations,” and
so on.

116. The word *“willow-leaf ” very well paints the
appearance of the minute details sometimes observed in
the penumbrae of spots,
which occasionallyare made
up apparently of elongated
masses of unequal Dbright-
ness, so arranged that for
the most part they point
like so many arrows to the
centre of the nucleus,giving E
to the penumbra a radiated  #7 4+—Partof a Sun-spot.
appearance. At other times, ~ \iIo lcaves” detaching shen-
and occasionally in the same  faintone atF.
spot, the jagged edge of the penumbra projecting over
the nucleus has caused the interior edge of the penumbra
to be likened to coarse thatching with straw.

117. There are darker or shaded portions between the
granules, often pretty thickly covered with dark dots,
like stippling with a soft lead-pencil; these are what
have been called “pores” by Sir John Herschel, and
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“punctulations” by his father. Some of these arc
almost black, and are like excessively small eruptive spots.

118. When the Sun is totally eclipsed,—that is, as
will be explained by and by, when the Moon comes exactly
between the Earth and the Sun,—other appearances are
unfolded to us, which the extreme brightness of the Sun
prevents our observing under ordinary circumstances :
the Sun’s atmosphere is seen to contain red masses of fan-
tastic shapes, some of them quite disconnected from the
Sun ; to these the names of “red-flames” and  promi-
nences ” have been given. Now, as these bodies appear
much brighter than the surrounding atmosphere, we con-
clude that they are hotter than the atmosphere, as a bright
fire is hotter than a dim one.

LESSON IX.—EXPLANATION OF THE APPEARANCES ON
THE SUN’S SURFACE. THE SUN’S LIGHT AND HEAT.
SUN-FORCE. THE PAST AND FUTURE OF THE SUN.

119. We are now familiar with the appearances presented
to us on the Sun’s surface in a powerful telescope. Let us
see if we can account for them. As the spots break out
and close up with great rapidity, as changes both on the
large and small scale are always going on on the surface,
we can only infer that the photosphere of the Sun, and
therefore of the stars, is of a cloudy nature; but while
our clouds are made up of particles of water, the clouds
on the Sun must be composed of particles of various metals
and other substances in a state of intense heat—how hot
we shall see by and by. The photosphere is surrounded
by an atmosphere composed of the vapours of the bodies
which_are incandescent in the photosphere. It seems,
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§ also, that not only is the visible surface of the Sun en-

tirely of a cloudy nature, but that the atmosphere is a
highly-absorptive one. Thus when the clouds are
highest they appear brightest—we see facrle—because
they extend high into that atmosphere, and consequently
there is less atmosphere to obscure our view there than
elsewhere. Spots may be due either to the absorption of
a greater thickness of atmosphere, as they are hollows
in the cloudy surface, or to the whole of the cloudy
surface being cleared off in those parts from a sometiing
which emits less light than the clouds. The more minute
features—the granules—are most probably the dome-like
tops of the smaller masses of the clouds, bright for the
same reason that the faculee are bright, but to a less
degree ; and the fact that these granules lengthen out as
they approach a spot and descend the slope of the pen-
umbra, may possibly be accounted for by supposing them
to be elongated by the current which causes their down-
rush into a spot, as the clouds in our own sky are
lengthened out when they are drawn into a current.

120. Some spots cover millions of square miles, and
remain for months ; others are only visible in powerful
instruments, and aie of very short duration. There is a
great difference in the number of spots visible from time to
time ; indeed, there is a minimum period, when none
are seen for weeks together, and a maximum period,
when more are seen than at any other time. The interval
between two maximum periods, or two minimum periods,
is about eleven years. |

121. Now as we must get less light from the Sun when
he is covered with spots than when there are ncne, we may
look upon him as a variable star, with a period of
eleven years. Mr. Balfour Stewart has shown recently

~ that this period is in some way connected with the action of

the planetson the photosphere. Itis also known that the
E

.
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magnetic needle has a period of the same length, its
greatest oscillations occurring when there are most sun-
spots. Aurorz, and the currents of electricity which
traverse the Earth’s surface, are affected by a similar
period.

122. Of the theories by which various astronomers have
attempted to account for sun-spots we shall in this little
book say nothing, as recent discoveries have shown that
the old ones must be reconsidered, and those lately put
forward are not yet sufficiently established. _

123. We have before seen (Art. 67) what substances
exist in a state of incandescence in some of the stars. In
the case of the Sun we are acquainted with a greater
number. Here is the list :—

Elements in the Sun.

Sodium. Zinc. Gold, probable.

{ron. Calcium. Cobalt, donbiful.
Magnesium.  Chromium. " Strontium, dztfo.
Barium. Nickel. Cadmium, d7tzo.
Copper. Hydrogen, probable. Potassium, ditto.

The atmosphere of the Sun, like the atmosphere of the
stars, consists of the vapours of these and of other—yet
unknown—substances, and extends to a height exceeding
80,000 miles above the visible surface.

124. Now let us inquire into some of the benign in-
fluences spread broadcast by the Sun. We all know that
our Earth is lit up by its beams, and that we are warmed
by its heat; but this by no means exhausts its benefits,
which we share in common with the other planets which
gather round its hearth.

125. And first, as to its light. We have already com-
pared its light with that which we receive from the stars,
but that is merely its »e/ative brightness; we want
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128. But this is not all. There is something else be-
sides light and heat in the Sun’s rays, and to this some-
thing we owe the fact that the Earth is clad with verdure ;
that in the tropics, where the Sun shines always in its
might, vegetable life is most luxuriant, and that with us the
spring time, when the Sun regains its power, is marked by
a new birth of flowers. There comes from the Sun, besides
its light and heat, another force, chemical force, which
separates carbon from oxygen, and turns the gas which,
were it to accumulate, would kill all men and animals,
into the life of plants. Thus, then, does the Sun
build up the vegetable world.

129. Now, let us think a little. The enormous engines
which do the heavy work of the world ; the locomotives
which take us so smoothly and rapidly across a whole
continent; the mail-packets which take us so safely across
the broad ocean ; owe all their power to steam, and steam
is produced by heating water by coal. We all know that
coal is the remains of an ancient vegetation ; we have just
seen that vegetation is the direct effect of the Sun’s action.
Hence, without the Sun’s action in former times we should
have had no coal. The heavy work of the world,
therefore, is indirectly done by the Sun.

180. Now for the light work. Let us take man. To
work a man must eat. Does he eat beef? On what was
the animal which supplied the beef fed ? On grass. Does
he eat bread? What is bread? Corn. In both these,
and in all cases, we come back to vegetation, which is, as
we have already seen, the direct effect of the Sun’s action.
Here again, then, we must confess that to the Sun is due
man’s power of work. All the world’s work, therefore,
with one trifling exception (tide-work, of which more
presently), is done by the Sun, and man himself, prince
or peasant, is but a little engine, which @7rects merely
tlie energy supplied by the Sun. 2
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PLANE OF THE ECLIPTIC

Fig. s.—Section, or side view, of the plane of the Ecliptic, showing that the
orbits of the large planets are nearly in the plane ; that the orbit of Pallas
has the greatest dip or inclination to it ; and that the orbits of the comets
are inclined to it in all directions.

The straight line we suppose to represent the Earth’s orbit
looked at edgeways, as we can look at a hoop edgeways.
The others represent the orbits of some of the planets
and of some of the comets seen edgeways in the same
manner. The orbits of Mars, Jupiter, Saturn, Uranus, and
Neptune lie so nearly in the plane of the ecliptic, that
in our figure, the scale of which is very small, they
may be supposed to lie in that plane. With some of
the smaller planets and comets we see the case is very
different. The latter especially plunge as it were down
into the surface of our ideal sea, or plane of the
ecliptic, in all directions, instead of floating on, or
revolving in it.

137. Again, as we thus find planets travelling round
the Sun, so also do we find other bodies travelling round
some of the planets. These bodies are called Moons,
or Satellites: The Earth, we know, has one Moon;
Jupiter has four, Saturn eight, Uranus four, and Neptune,
according to our present knowledge, one.

138. As we have before stated, all the planets revolve
round the Sun in one direction, ze. from west to east.
All the planets rotate, or turn on their axes, in the same
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taking a globe some two feet in diameter to represent the
Sun, Mercury would now be proportionately represented
by a grain of mnstard-seed, revolving in a circle 164 feet
in diameter; Venus, a pea, in a circle of 284 feet in
diameter ; the Earth also a pea, at a distance of 430 feet;
Mars, a rather large pin’s head, in a circle of 654 feet;
the smaller planets by grains of sand, in orbits of from
1,000 to 1,200 feet; Jupiter, a moderate sized orange, in
a circle nearly half a mile across; Saturn,a small orange,
in a circle of four-fifths of a mile; Uranus, a full-sized
cherry, or small plum, upon the circumference of a circle
more than a mile and a half; and Neptune, a good-
sized plum, in a circle about two miles and a half in
diameter.*

I142. As the planets revolve round the Sun at vastly dif-
ferent distances, so do the satellites revolve round their
primaries. Our solitary Moon courses round the Earth at
a distance of 240,000 miles, and its journey is performed
in a month. The first satellite of the planet Saturn is
only about one-third of this distance, and its journey is
performed in less than a day. The first satellite of
Uranus is about equally near, and requires about two and
a half days. The first satellite of Jupiter is about the
same distance from that planet as our Moon is from us,
and its revolution is accomplished in one and three-
quarters of our days. The only satellite which takes a
longer time to revolve round its primary than our Moon,
is Japetus, the eighth satellite of Saturn. We have seen
above (Art. 140), that the diameter of the smallest planet
—leaving the asteroids out of the question—is 2,962 miles.
We find that among the satellites we have three bodies—
the third and fourth satellites of Jupiter, and the sixth
moon of Saturn—of greater dimensions than one of the

* Sir John Herschel.
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large planects, Mercury, and nearly as large as another,
Mars.

It is not necessary in this place to give more details
concerning the distances and sizes of the planets and
satellites. A complete statement will be found in Tables
I1. and III. of the Appendix.

143. The relative distances of the planets from
the Sun was known long before their absoluze dis-
tances—in the same way as we might know that one
place was twice or three times as far away as another
without knowing the exact distance of either. When once
the distance of the Earth from the Sun was known, astro-
nomers could easily find the distance of all the rest from
the Sun, and therefore from the Earth. Their sizes were
next determined, for we need only to know the distance
of a body and its apparent size, or the angle under which
we see it, to determine its real dimensions.

144. In the case of a planet accoinpanied by satellites
we can at once determine its weight, or mass, for a
reason we shall state by and by (Chap. I1X.); and when we
have got its weight, having already obtained its size or
volume, we can compare the demsity of the materials of
which the planet is composed with those we are familiar
with here ; having first also obtained experimentally the
density of our own Earth.

145. Let us see what this word density means. To
do this, let us compare platinum, the heaviest metal, with
hydrogen, the lightest gas. The gas is, to speak roughly,
a quarter of a million times lighter than the metal ; the
gas is therefore the same number of times less dense :
and if we had two planets of exactly the same size, one
composed of platinum and the other of hydrogen, the
latter would be a quarter of a million times less dense
than the former. Now, if it seems absurd to talk of a
hydrogen planet, we must remember that if the materials
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of the Earth’s surface is the top, as it were, of a flattened
dome; such a dome therefore is interposed between us
and every distant object. The inequalities of the land
render this fact much less obvious on Zer7a_firma than on
the surface of the sea.

152. On all sides of us we see a circle of land, or sea,
or both, on which the sky seems to rest : this is called the
sensible horizon. If we observe it from a little boat on
the sea, or on a plain, this circle is small ; but if we look
out from the top of a ship’s mast or from a hill, we find
it largely increased—in fact, the higher we go the more is
the horizon extended, always however retaining its circular
form. Now, the sphere is the only figure which, looked
at from any external point, is bounded by a circle; and
as the horizons of 2ll places are circular, the Earth is a
sphere, or at all events nearly so.

153. The Earth is not only round, but it rotates,
or turns round on an axis, as a top does when it is
spinning ; and the names of north pole and south pole
are given to those points on the Earth where the axis
would come to the surface if it were a great iron rod
instead of a mathematical line. Half-way between these
two poles, there is an imaginary line running round the
Earth, called the equator or equinoctial line. The
line through the Earth’s centre from pole to pole is
called the polar diameter; the line through the Earth’s
centre from any point in the equator to the opposite
point is called the equatorial diameter, and one of these,
as we shall see, is longer than the other.

154. We owe to the ingenuity of a French philosopher,
M. Léon Foucault, two experiments which render the
Earth’s rotation visible to the eye. For although, as we
shall presently see, it is made evident by the apparent
motion of the heavenly bodies and the consequent suc-
cession of day and night, we must not forget that these
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effects might be, and for long ages were thought to be,
produced by a real motion of the Sun and stars round
the Earth. The first method consists in allowing a heavy
weight, suspended by a fine wire, to swing backwards and
forwards like the pendulum of a clock. Now, if we move
the beam or other object to which such a pendulum is
suspended, we shall not alter the direction in which the
pendulum swings, as it is more easy for the thread or
wire, which supports the weight, to twist than for the
heavy weight itself to alter its course or swing when once
in motion in any particular direction. Therefore, in the
experiment, if the earth were at rest, the swing of the
pendulum would always be in the same direction with
regard to the support and the surrounding objects.

155. M. Foucault’s pendulum was suspended from the
dome of the Panthéon in Paris, and a fine point at the
bottom of the weight was made to leave a mark in sand
at each swing. The marks successively made in the sand
showed that the plane of oscillation varied with regard to
the building. Here, then, was a proof that the building,
and therefore the Earth, moved.

156. Such a pendulum swinging at either pole would
make a complete revolution in 24 hours, and would serve
the purpose of a clock were a dial placed below it with
the hours marked. As the Earth rotates at the north pole
from west to east, the dial would appear to a spectator,
carried like it round by the Earth, to move under the
pendulum from west to east, while at the south pole the
Earth and dial would travel from east to west: midway
between the poles, that is, at the equator, this effect, of
course, is not noticed, as there the two motions in
opposite directions meet.

157. The second method is based upon the fact, that
when a body turns on a perfectly true and symmetrical
axis, and is left to itself in such a manner that gravity is
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not brought into play, the axis maintains an invariable
position ; so that if it be made to point to a star, which is
a thing outside the Earth and not supposed to move, it
will continue to point to it. A gyroscope is an instrument
so made that a heavy wheel set into very rapid motion
shall be able to rotate for a long period, and that all
disturbing influences, the action of gravity among them,
are prevented.

158. Now, if the Earth were at rest, there would be no
apparent change in the position of the axis, however long
the wheel might continue to turn ; but if the Earth moves
and the axis remain at rest, there should be some differ-
ence. LExperiment proves that there is a difference, and
just such a difference as is accounted for by the Earth’s
rotation. In fact, if we so arrange the gyroscope that the
axis of its rotation points to a star, it will remain at rest
with regard to the star, while it varies with regard to the
Earth. This is proof positive that it is the Earth which
rotates on its axis, and not the stars which revolve round
it; for if this were the case the axis of the gyroscope
would remain invariable with regard to the Earth, and
change its direction with regard to the star.

159. If we look at a terrestrial globe, we find that the
equator is not the only line marked upon it. There are
other lines parallel to the equator,—that is, lines which are
the same distance from the equator all round,—and other
lines passing through both poles, and dividing the equator
into so many equal parts. These lines are for the purpose
of determining the exact position of a place upon the
globe, and they are based upon the fact, that all circles
are divided into 360 degrees (marked °), each degree into
60 minutes (’), and each minute into 6o seconds (").

160. We have first the equator midway between the
poles, so that from any part of the equator to either pole
is one quarter round the Earth, or go degrees. On either
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side of the equator there are circles parallel to it ; that is
to say, at the same distance from it all round, dividing the
distance to the poles into equal parts. Now, it is necessary
to give this distance from the equator some name. The
term latitude has been chosen. North latitude from
the equator towards the north pole; south latitude
from the equator towards the south pole.

161. This, however, is not sufficient to define the exact
position of a place, it only defines the distance from the
equator. This difficulty has been got over by fixing upon
Greenwich, our principal astronomical obsecrvatory, and
supposing a circle passing through the two poles and that
place, and then reckoning east and west from the circle
as we reckon north and south from the equator. To this
east and west reckoning the term longitude has been
applied.

162. On the terrestrial Globe we find what are termed
parallels of latitude, and meridians of longitude, at every
10° or 15°. Besides these, at 23}° on either side of the
cquator, are the Tropics: the north one the tropic of
Cancer, the southern one the tropic of Capricorn; and
at the same distance from either pole, we find the arctic
and antarctic circles. These lines divide the Earth’s
surface into five zones—one torrid, two temperate, and
two frigid zones.

163. The distance along the axis of rotation, from pole
to pole, through the Earth’s centre, is shorter than the
distance through the Earth’s centre from any one point
in the equator to the opposite one. In other words, the
diameter from pole to pole (the polar diameter) is shorter
than the one in the plane of the equator (the equatorial
diameter), and their lengths are as follow :—

Feet.
Polar diameter . . . . 41,848,380
Equatorial diamcter . . 41,708,710
¥
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together, we say the Earth is in perihelion.* When they
are furthest apart, we say it is in aphelion.+ Let us now
make a sketch of the orbit of the Earth as we should see
it if we could get a bird’s-eye view of it, and determine the
points the Earth occupies at different times of the year,
and how it is presented to the Sun.

Fig. 7.—The Earth’s path round the Sun,

168. Now refer back to Art. 106, in which we spoke of
the position of the Sun’s axis. We found that the Sun was
not floating uprightly in our sea, the plane of the ecliptic:

* meps, at or near to; HAsos, the Sun.
t amo,from, and i, Acos.
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it was dipped down in a particular direction. So it is
with our Earth. The Earth’s axis is inclined in the same
manner, but to a much greater extent. The direction of
the inclination, as in the case of the Sun, is, roughly
speaking, always the same.

169. We have then two completely distinct motions—
one round the axis of rotation, which, roughly speaking,
remains parallel to itself, performed in a day;—one
round the Sun, performed in a year. To the former
motion we owe the succession of day and night; to the
latter, combined with the inclination of the Earth’s axis,
we owe the seasons.

170. In Fig. 7 is given a bird’s-eye view of the system.
It shows the orbit of the Earth, and how the axis of the
Earth is inclined—the direction of the dip being such
that on the 21st of June the axis is directed towards the
Sun, the inclination being 233°. Now, if we bear in mind
that the Earth is spinning round once in twenty-four
hours, we shall immediately see how it is we get day and
night. 7he Sun can only light up that half of
the Earth turned towards it¢; consequently, at any
moment, one-half of our planet is in sunshine, the other
in shade ; the rotation of the Earth bringing each part in
succession from sunshine to shade.

171. But it will be asked, *“ How is it that the days and
nights are not always equal?” For a simple reason. In
the first place, the days and nights are equal all over the
world on the 22d of March and the 22d of September,
which dates are called the vernal and autumnal equinoxes
for that very reason—equinox being the Latin for equal
night. But to make this clearer, let us look at the small
circle we have marked on the Earth—itis the arctic circle.
Now let us suppose ourselves living in Greenland, just
within that circle. What will happen? At the spring
equinox (it will be most convenient to follow the order of
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the year) we find that circle half in light and half in shade,
One-half of the twenty-four hours (the time of one rotation),
therefore, will be spent in sunshine, the other in shade :
in other words, the day and night will be equal, as we
before stated. Gradually, however, as we approach the
summer solstice (going from left to right), we find the
circle coming more and more into the light, in consequence
of the inclination of the axis, until, when we arrive at the
solstice, in spite of the Earth’s rotation, we cannot get our
of the light. At this time we see the midnight sun due
north! The Sun, in fact, does not set. The solstice
passed, we approach the autumnal equinox, when again
we shall find the day and night equal, as we did at the
vernal equinox. But when we come to the winter solstice,
we get no more midnight suns : as shown in the figure,
all the circle is situated in the shaded portion; hence,
again in spite of the Earth’s rotation, we cannot get out
of the darkness, and we do not see the Sun even at
noonday. ;

172. Now, these facts must be well thought of. If this
be done there will be no difficulty in understanding how
it is that at the poles (both north and south) the years
consist of one day of six months’ duration, and
one night of equal length. To comprehend our
long summer days and short ‘nights in England, we have
only to take a part about half-way between the arctic
circle and the equator, as marked on the plate, and reason
in the same way as we did for Greenland. At the equator
we shall find the day and night always equal.

173. Here is a Table showing the length of the
longest days in different latitudes, from the equator to the
poles. We sce that the Earth’s surface on either side the
equator may be divided into two zones, in one of which the
days and nights are measured by hours, and in the other
by months :—
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of which we have spoken are everywhere met with as they
“are shown in the Table ; each bed could only have been
‘deposited on those parts of the Earth’s crust which were
under water at the time ; and since the earliest period
of the Earth’s history, earthquakes and changes of level
have been at work, as they are at work now—but much
. more effectively, either because the changes were more
i decided and sudden, or because they were at work over
immense periods of time.

187. It is found, indeed, that the sedimentary rocks

" have been upheaved and worn away again, bent, con-

F torted, or twisted to an enormous extent ; instead of

~ being horizontal, as they must have been when they were
originally formed at the bottom of the sea, they are now
seen in some cases upright, in others dome-shaped, over
large areas.

188. Had this not been the case the mineral riches of
the Earth would for ever have been out of our reach, and
the surface of the Earth would have been a monotonous
plain. As it is, although it has been estimated that the
thickness of the series of sedimentary rocks, if found
complete in any one locality, would be 14 miles, each
member of the series is found at the surface at some
place or other.

189. The whole series of the sedimentary rocks, from
the most ancient to the most modern, have been disturbed

~ by eruptions of volcanic materials, similar to those thrown
up by Vesuvius, and other volcanoes active in our own time,
and intrusions of rocks of igneous origin proceeding from
below ; of which igneous rocks, granite, which in conse-

~ quence of its great hardness is so largely used for paving
;:and macadamizing our streets, may here be taken as one

| example out of many. These rocks are extremely easy to
istinguish from the stratified ones, as they have no ap-
arance of stratification, contain no fossils, and their
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constituents are different, and are irregularly distributed
throughout the mass.

190. If we strip the Earth, then, in imagination, of
the sedimentary rocks, we come to a kernel of rock, the
constituents of which it is impossible to determine, but
which may be imagined to be analogous to the older
rocks of the granitic series, and to have been part of the
original molten sphere which must have been both hot
and luminous, in the same way that molten iron is both
hot and luminous. Doubtless there was a time
when the surface of our earth was as hot and
luminous as the surfaces of the sun and stars
are still.

191. Now, suppose we have a red-hot cannon-ball;
what happens? The ball gradually parts with, or radiates
away, its heat, and gets cool, and as it cools it ceases to
give out light ; but its centre remains hot long after the
surface in contact with the air has cooled down.

192. So precisely has it been with our earth ; indeed
we have numerous proofs that the interior of the earth is
at a high temperature at present, although its surface has
cooled down. Our deepest mines are so hot that, without
a perpetual current of cold fresh air, it would be impos-
sible for the miners to live down them. There are hot
springs coming from great depths, and the water which
issues from them is, in some cases, at the boiling tempe-
rature—that is, 100° of the centigrade thermometer. In
the hot lava emitted from volcanoes we have evidence
again of this interior heat, and how it is-independent
of that at the surface; for among the most active
volcanoes with which we are acquainted are Hecla in
Iceland, and Mount Erebus in the midst of the icy deserts
which surround the south pole.

193. It has been calculated that the temperature of
the earth increases as we descend at the rate of 1° (cen-
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belts to the north and south respectively lie the calms of
Cancer and the calms of Capricorn. Still further to-
wards the poles, we find the counter-trades, in regions
where the winds blow from the equator to the poles: z.e.
in the northern hemisphere they blow south and west, and
in the southern hemisphere north and west ; and at the
poles themselves we find a region of polar calms.

202. Now if the Earth did not rotate on its axis we
should still get the trade-winds, but both systems would
blow from the pole to the equator ; but as the Earth does
rotate, the nearer the winds get to the equator the more
rapidly is the Earth’s surface whirled round underneath
them ; the Earth, as it were, slips from under them in
an easterly direction, and so the northern trade-winds
appear to come from the north-east, and the southern ones
from the south-east. Similarly, the counter-trades, which
blow towards the poles, appear to come, the northern
ones from the south-west and the southern ones from
the north-west. The nearer they approach the poles the
slower is the motion of the Earth under them, compared
with the regions nearer the equator; consequently, they
are travelling to the eastward faster than the parallels
at which they successively arrive, and they appear to
come from the westward.

203. Now, how are these winds set in motion? The
tropics are the part of the Earth which is most heated,
and, as a consequence, the air there has a tendency to
ascend, and a surface-wind sets in towards the equator
on both sides, to fill up the gap, as it were ; when it gets
there it also is heated ; the two streams join and ascend,
and flow as upper-currents towards either pole. Where the
two streams meet in the region of equatorial calms some
4° or 5° broad, we have a cloud-belt, and daily rains. The
counter-trades are the upper-currents referred to above,
which in the regions beyond the calms of Cancer and
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Capricorn descend to the Earth’s surface, and form
surface: currents.

204. We see, therefore, that it is the Sun which sets all
this atmospheric machinery in motion, by heating the
equatorial regions of the Earth; and as the Sun changes
its position with regard to the equator, oscillating up and
down in the course of the year, so do the calm-belts and
trade-winds. The belt of equatorial calms follows the
Sun northwards from January to July, when it reaches
25° N. lat. and then retreats, till at the next January it
is in 25° S. lat.

205. So much for the Sun’s direct action, and one of
its effects on our rotating planet—the prevailing wind-
currents, which are set in motion by the szypdoooo Part
of the Sun’s radiation into space, which represents an
amount of heat that would daily raise 7,513 cubic miles
of water from the freezing to the boiling point.

206. To the radiation from the Earth, combined with
the existence of the vapour of water in the air, must be
ascribed all the other atmospheric phenomena. Aqueous
vapour is the great mother of clouds. When it is chilled
by a cold wind or a mountain top, it parts with its heat,
i1s condensed and forms a cloud; and then mist, rain,
snow, or hail, is formed: when it is heated by the direct
action of the Sun, or by a current of warm air, it absorbs
all the heat and expands, and the clouds disappear.

207. We now come to the materials of which our
planet, including the Earth’s crust and atmosphere, is
composed. These are 64 in number ; they are called the
chemical elements. These consist of —

Non-metalic | Nitrogen, oxygen, hydrogen, chlorine,

elements; 3 bromine, iodine, fluorine, silicon,

or boron, carbon, sulphur, selenium,
Metalloids. | tellurium, phosphorus, arsenic.
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We had, let us imagine, close to the still glowing crust—
composed perhaps of acid silicates —a dense vapour, com-
posed of compounds of the materials of the crust which
were volatile only at a high temperature ; the vapour of
chloride of sodium, or common salt, would be in large
quantity ; above this, a zone of carbonic acid gas; above
this again a zone of aqueous vapour, in the form of steam ;
and lastly, the nitrogen and oxygen.*

As the cooling went on, the lowest zone, composed of
the vapour of salt, and other chlorides, would be con-
densed on the crust, covering it with a layer of these sub-
stances in a solid state. Then it would be the turn of the
steam to condense too, and form water ; it would fall on
the layer of salt, which it would dissolve, and in time the
oceans and seas would be formed, which would conse-
quently be salt from the first moment of their appearance.
Then, in addition to the oxygen and nitrogen which still
remain, we should have the carbonic acid, which, in the
course of long ages,was used up by its carbon going to form
the luxurious vegetation, the pressed remains of which
is the coal which warms us, and does nearly all our work.

209. Now it is the presence of vapour in our lower
atmosphere which renders life possible. When the surface
of the Earth was hot enough to prevent the formation of
the seas, as the water would be turned into steam again
the instant it touched the surface, there could be no life.
Again, if ever the surface of the Earth be cold enough to
freeze all the water and all the gaseous vapour in the atmo-
sphere, life—as we have it—would be equally impossible.
If this be true, all the Earth’s history with which we
are acquainted, from the dawn of life indicated in what
geologists call the oldest rocks, down to our own time,
and perhaps onwards for tens of thousands of years,

* David Forbes, in the Geological Magazine, vol. iv. p. 439.
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is only the history of the Earth between the time at
which its surface had got cold enough to allow steam to
turn into water, and that at which its whole mass will be
so cold that all the water on the surface, and all the vapour
of water in the atmosphere, will be turned into ice.

210. The nebular hypothesis here comes in and shows
us how, prior to the Earth being in a fluid state, it existed
dissolved in a vast nebula, the parent of the Solar System ;
how this nebula gradually contracted and condensed,
throwing off the planets one by one ; and how the central
portion of the nebula, condensed perhaps to the fluid
state, exists at present as the glorious heat-giving Sun.

Although, therefore, we know that stars give out light
because they are white-hot bodies, and that planets are
not self-luminous because they are comparatively cold
bodies, we must not suppose that planets were always
cold bodies, or that stars will always be white-hot bodies.
Indeed, as we have shown, there is good reason for sup-
posing that all the planets were once whlte-hot and gave
out light as the Sun does now.

_ LEssoN XVI.—THE MOON : ITS SiZE, ORBIT, AND
MOTIONS : ITS PHYSICAL CONSTITUTION.

211. The Moon, as we have already seen, is one of the
satellites, or secondary bodies; and although it ap-
pears to us at night to be so infinitely larger than the fixed
stars and planets, it is a little body of 2,153 miles in
diameter ; so small is it, that 49 moons would be required
to make one earth, 300,000 earths being required, as
we have seen, to make one sun !

212. [ts apparent size, then, must be due to its near-
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ness. This we find to be the case. The Moon revolves
round the Earth in an elliptic orbit, as the Earth revolves
round the Sun, at an average distance of only 238,793
miles, which is equal to about 1o times round our planet.
As the Moon’s orbit is elliptical, she is sometimes nearer
to us than at others. The greatest and least distances
are 251,947 and 225,719 miles : the difference is 26,228,
When nearest us, of course she appears larger than at
other times, and is said to be in perigee (wepe near, and
vy the Earth) ; when most distant, she is said to be in
apogee (awo from, and 7).

213. The Moon travels round the Earth in a period of
27d. 7h. 43m. 114s. As we shall see presently, she re-
quires more time to complete a revolution with respect to
the Sun, which is called a lucar month, lunation, or
synodic period.

214. The Moon, like the planets and the Sun, rotates
on an axis; but there is this peculiarity in the case of
the Moon, namely, that her rotation and her revolution
round the Earth are performed in equal times, that—is,
in 27d. 7h. 43m. Hence we only see one side of our
satellite. But, as the Moon’s axis is inclined 1° 32’ to
the plane of its orbit, we sometimes see the region round
one pole, and sometimes the region round the other. This
is termed the libration in latitude. There are also a
libration in longitude, arising from the fact, that though
its rotation is uniform, its rate of motion round the Earth
varies, so that we sometimes see more of the western edge
and sometimes more of the eastern one; and a daily
libration, due to the Earth’s rotation, carrying the ob-
server to the right and left of a line joining the centres of
the Earth and Moon. When on the right, or west, of this
line, we should of course see more of the western edge of
the Moon; when to the left, in the case of an eastern
position, we should see more of the eastern edge.
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215. The plane in which the Moon performs her
journey round the Earth is inclined 5° to the plane of the
ecliptic, or the plane in which the Earth performs her
journey round the Sun (Art. 105). The two points in which
the Moon’s orbit, or the orbit of any other celestial body,
intersects the Earth’s orbit, are called the nodes. The
line joining these two points is called the line of nodes.
The node at which the body passes to the north of the
ecliptic is called the ascending mnode, the other the
descending node.

216. The motions of the Moon, as we shall see by and
by, are very complicated. We may get an idea of its
path round the Sun if we imagine a wheel going along
a road to have a pencil fixed to one of its spokes, so as
to leave a trace on a wall: such a trace would consist
of a series of curves with their concave sides
downwards, and such is the Moon’s path with regard
to the Sun.

217. Besides the bright portion lit up by the Sun, we
sometimes see, in the phases which immediately precede
and follow the New Moon, that the obscure part is
faintly visible. This appearance is called the ¢ EarzZ
shine” (Lumen incinerosum, Lat.; Lumicre cendrée, Fr.),
and is due to that portion of the Moon reflecting to us
the light it receives from the Earth. When this faint
light is visible—when the “ Old Moon” is seen in the ¢ New
Moon’s arms ”—the portion lit up by the Sun seems to
belong to a larger moon than the other. This is an effect
of what is called irradiation, and is explained by the
fact that a bright object makes a stronger impression on
the eye than a dim one, and appears larger the brighter it is.

218. The average of four estimations givcs the Moon’s
light as z3s%y5 of that of the Sun, so we should want
547,513 full moons to give as much light as the Sun does ;
and as there would not be room to place such a large
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number in the one-half of the sky which is visible to us,
as the new Moon covers zggggo of it, it follows that the
light from a sky full of moons would not be so bright as
sunshine.

219. At rising or setting, the Moon sometimes appears
to be larger than it does when high up in the sky. This
is a delusion, and the reverse of the fact; for, as the Earth
is a sphere, we are really nearer the Moon by half the
Earth’s diameter when the part of the Earth on which we
stand is underneath it; as at moonrise or moonset we are
situated, as it were, on the side of the Earth, half-way
between the two points nearest to and most distant from
the Moon. Let the reader draw a diagram, and reason
this out.

220. Now a powerful telescope will magnify an object
1,000 times ; that is to say, it will enable us to see it as if it
were a thousand times nearer than it is: if the Moon were
1,000 times nearer, it would be 240 miles off, consequently
astronomers can see the Moon as if it were situated at a
little less than that distance, as it is measured from centre
to centre, and we look from surface to surface. In con-
sequence of this comparative nearness, the whole of the
surface of our satellite turned towards us has been studied
and mapped with considerable accuracy.

221. With the naked eye we see that some parts of the
Moon are much brighter than others; there are dark
patches, which, before large telescopes were in use, were
thought to be, and were named, Oceans, Gulfs, and so on.
The telescope shows us that these dark markings are
smooth plains, and that the bright ones are ranges of
mountains and hill country broken up in the most tremen-
dous manner by volcanoes of all sizes. A further study
convinces us that the smooth plains are nothing but old
sea-bottoms. In fact, once upon a time the surface of the
Moon, like our Earth, was partly covered with water. and
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the land was broken up into hills and fertile valleys ; as
on the Earth we have volcanoes, so did it once happen in
the Moon, with the difference that there the size of the
volcanoes and the number and activity of them were far
bevond anything we can imagine: our largest volcanic
mountain Etna is a mere dwarf compared with many on
the Moon.

222. The best way of seeing how the surface of our
satellite is broken up in this manner, is to observe the
terminator—the name given to the boundary between
the lit-up and shaded portions : along this line the moun-
tain peaks are lit up, while the depressions are in shade,
and the shadows of the mountains are thrown the greatest
distance on the illuminated portion. The heights of the
mountains and depths of the craters have been measured
by observing the shadows in this manner.

223. Besides the mountain-ranges and crater-moun-
tains, there are also walled plains, isolated peaks, and
curious markings, called rilles. The principal ranges,
craters, and walled plains have been named after distin-
guished philosophers, astronomers, and travellers.

224. The diameter of the walled plain Schickard, near
the south-east limb or edge of the Moon, is 133 miles.
Clavius and Grimaldi have diameters of 142 and 138
miles respectively. Here is a table of the height of some
of the peaks, with that of some of our terrestrial ones, for
comparison :—

Feet.
DOl o it L salena s i . Ak SIOON
Ramparts of ( measured from the 23,853
Newton { floor of the crater } s
Eratosthenes (central cone). . . . . 15,750
MontBlanc i« ssgfeaieeiie i Juts Glssornc
SHOWAN: - o+« s Bels At & oo e O3E5E0

Beer and Midler have measured thirty-nine mountains
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higher than Mont Blanc. It must be recollected also
that as the Moon is so much smaller than the Earth, the
proportion of the height of a mountain to the diameter is
much greater in the former.

225. As far as we know, with possibly one exception,
which is not yet established, the volcanoes are now all
extinct ; the oceans have disappeared ; the valleys are no
longer fertile ; nay, the very atmosphere has apparently
left our satellite, and that little celestial body which pro-
bably was once the scene of various forms of life now no
longer supports them.

This may be accounted for by supposing (see Art. 191)
that, on account of the small mass of the Moon, its original
heat has all been radiated into space (as a bullet will take
less time to get cold than a cannon-ball).

226. The rilles, of which 425 are now known, are
trenches with raised sides more or less steep. Besides
the rilles, at full Moon, bright rays are seen, which seem
to start from the more prominent mountains. Some of
these rays are visible under all illuminations ; one which,
emanating from Tycho, crosses a crater on the north-
east of Fracastorius, is not only distinctly visible when
the terminator grazes the west edge of Fracastorius, but
is even brighter as the terminator approaches it. Those
emanating from Tycho are different in their character
from those emanating from Copernicus, while those
from Proclus form a third class.

Mr. Nasmyth has been able to produce somewhat
similar appearances on a glass globe by filling it with
cold water, closing it up, and plunging it into warm
water. This causes the inclosed cold water to expand
very slowly, and the globe eventually bursts, its weakest
point giving way, forming a centre of radiating cracks
in a similar manner to the fissures, if they be fissures, in
the Moon.
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* 227. We say that the Moon has apparently no atmo-
sphere ; (1) because we never see any clouds there, and
(2) because, whén the Moon’s motion causes it to travel
over a star, or to occult it, as it is called, the star disap-
pears at once, and does not seem to linger on the edge,
as it would do if there were an atmosphere.

228. As the Moon rotates on her axis, as we do, only
more slowly, the changes of day and night occur there as
here; but instead of being accomplished in 24 hours, the
Moon’s day is 293 of our days long, so that each portion
of the surface is in turn exposed to, and shielded from,
the Sun for a fortnight ; as there is no atmosphere either
to shield the surface or to prevent radiation, it has been
conjectured. that the surface is, in turn, hotter than boiling
water, and colder than anything we have an idea of.

In ‘Plate VI. we give a view of the crater Copernicus,
one of the most prominent  objects in the Moon. The
details of the crater itself; and of its immediate neighbour-
hood, represented in the drawing, reveal to us unmis-
takeable evidences of volcanic action. The floor of the
crater is seen to be strewn over with rugged masses, while
outside the crater-wall (which on the left-hand side casts
a shadow on the floor, as the drawing was taken soon
after sunrise at Copernicus, and the Sun is to the left)
many smaller craters, those near the edge forming a
regular line, are distinctly visible. Enormous unclosed
cracks and chasms are also distinguishable. The depth
of the crater floor, from the top of the wall, is 11,300 feet ;
and' the height of the wall above the general surface of
the moon-is 2,650 feet. The irregularities in the top of
the wall are well shown in the shadow. The scale of miles
attached to the drawing shows the enormous propor-
tions. of the crater.



A
\

Lo

R

LUNAIR- ¢

4 late VL

T

ERNICT

COl










98 ASTRONOMY.

Let us see if we can show under what circumstances they
do happen. One-half of the Moon’s journey is performed
above the plane of the ecliptic, one-half below it; hence
at certain times—twice in each revolution—the Moon is
in that plane, at those parts of it called the nodes. Now,
if the Moon at that time happens to be new or full—that .
' is, in line with the Earth and Sun—
in one case we shall have an eclipse
of the Sun, in the other we shall have
an eclipse of the Moon. This will
be rendered clear by the accompany-
ing figure. We have the Sun at
bottom, the Earth at top, and the
Moon in two positions marked A and
B, the level of the page representing
the level, or plane, of the ecliptic. We
suppose therefore in both cases that
the Moon is at a node,—that is, on
thatlevel, neither above nor below it.

234. At A, therefore, the Moon
stops the Sun’s light, its shadow falls
on a part of the Earth; and the
people, therefore, who live on that
particular part of it where the shadow
falls cannot see the Sun, because the
Moon is in the way. Hence we shall
have what is called an eclipse of
the Sun.

235. At B the Moon is in the
shadow of the Earth cast by the Sun ;
therefore the Moon cannot receive
any light from the Sun, because the
Earth is in the way. Hence we shall

by t3—Bdipresof e have whatis called an eclips® of the
Sun and Moon. Moon.

SUN
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236. It will easily be seen from the figure, that whereas
the eclipse of the Moon by the shadow of the much larger
Earth will be more or less visible to the whole side of
the Earth turned away from the Sun, the shadow cast
by the small Moon in a solar eclipse is, on the contrary,
so limited, that the eclipse is only seen over a small
area. :

237. In the figure two kinds of shadows are shown,
one much darker than the other; the latter is called the
umbra, the former the penumbra. If the Sun were a
point of light merely, the shadow would be all umbra; but
it is so large, that round the umbra, where no part of the
Sun is visible, there is a belt where a portion of it can be
seen ; hence we get a partial shadow, which is the meaning
of penumbra. This will be made quite clear if we get
two candles to represent any two opposite edges of the
Sun, place them rather near together, at equal distances
from a wall, and observe the shadow they cast on the wall
from any object; on either side the shadow thrown by
both candles will be a shadow thrown only by one.

238. In a total eclipse of the Moon, as the Moon travels
from west to east, we first see the eastern side of the
Moon slightly dim as she enters the penumbra ; this is
the first contact with the penumbra, spoken of in
almanacs. At length, when the real umbra is reached,
the eastern edge becomes almost invisible; we have the
first contact with the dark shadow; the circular
shape of the Earth’s shadow is distinctly seen, and at
last she enters it entirely. When the Moon passes, how-
ever, into the shadow of the Earth, it is scarcely ever quite
obscured; the Sun’s light i= bent by the Earth’s atmo-
sphere towards the Moon, and sometimes tinges it with a
ruddy colour.

A total eclipse of the Moon may last about 1} hours.
When the Moon again leaves the umbra we have the last

B 2
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increases until the Moon covers all the Sun, and soon
afterwards the western edge of the Sun reappears.

242. As in the case of the Moon, there are other
eclipses besides total ones. . To explain this we must give
a few figures. As both Sun and Moon are round, or
nearly so, the shadow from the latter is round ; and as the
Sun is larger than the Moon, the shadow ends in a point.
The shape of the shadow is, in fact, that of a cone—
hence the term “cone of shadow.” Now, the length of
this cone varies with the Moon's distance from the Sun:
when nearest, the Moon will of course throw the shortest
shadow. The lengths are about as follow :— BN

When the Moon and Sun are nearest together . 230,000

55 o ¥ furthest apart. . . 238,000

But in Art. 212 we saw that the distance between the
Earth and Moon varied as follows :—

Miles.
When the Moon and Earth are nearest together . 225,719
” ” " furthest apart. . 251,947

Hence, when the Moon is furthest from the Earth, or in
apogee, the shadow thrown by the Moon is not long
enough to reach the Earth ; at such times the Moon looks
smaller than the Sun, and if she be at a node, we shall
have an annular eclipse—that is, there will be a ring
(annulus, Lat. ring) of the Sun visible round the Moon
when the eclipse would otherwise have been total.

243. There may be partial eclipses of the Sun, for the
same reason as we have partial eclipses of the Moon ; only
as the Moon is not exactly at the node in one case, she
does not get totally eclipsed, because she does not pass
quite into the shadow of the Earth; and in the other,
the Sun does not get totally eclipsed, because the Moon
does not pass exactly between us and the Sun.

244. The nodes of the Moon are not stationary, but
move backwards upon the Moon’s orbit, a complete revo-
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lution taking place with regard to the Moon in 18 ycars
219 days, ncarly, The Moon in her orbit, therefore, meets
the same node again before she arrives at the same place
with regard to the Sun again,one period being27d. sh.6m.,
called the nodical revolution of the Moon; and the other,
29d. 12h. 44m., called the synodical revolution of the
Moon, in which it regains the same position with regard
to the Sun. The node is in the same position with regard
to the Sun after an interval of 346d. 14h. 52m. This is
called a synodic revolution of the node. Now it so hap-
pens that nineteen synodical revolutions of the node, after
which period the Sun and node would be alike situated;
are equal to 223 synodical revolutions of the Moon, after
which period the Sun and Moon would be alike situated :
so that, if we have an eclipse at the beginning of the
period, we shall have one at the end of it, the Sun, Moon,
and node having got back to their original positions.
This period of 18 years 219 days is a cycle of the Moon,
known to the ancient Chaldears and Greeks under the
name of Saros, and by its means éclipses were roughly
predicted before astronomy had made much progress.
245. A total eclipse of the Sun is at once one of the
most awe-inspiring and grandest sights it is possible for
man to witness.” As the eclipse advances, but before the
totality is complete, the sky grows of a dusky livid, or
purple, or yellowish crimson, colour, which gradually gets
darker and darker, and the colour appears to run over
large portions of the sky, irrespective of the clouds. The
sea turns lurid red. This singular colouring and darken-
ing of the landscape is quite unlike the approach of night,
and gives rise to strange feelings of sadness. The Moon’s
shadow is seen to sweep across the surface of the Earth,
and is even seen in the air; the rapidity of its motion and
its intenseness produce a feeling that something material
is sweeping over the Earth at a speed perfectly frightful.
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All sense of distance is lost, the faces of' men assume a
livid hue, fowls hasten to roost, flowers close, cocks crow,
and the whole animal world seems frightened out of its
usual propriety.

246. A few seconds before the commencement of the
totality the stars burst out; and surrounding the dark
Moon on all sides is seen a glorious halo, generally of a
silver-white light ; this is called the corona. It is slightly
radiated in structure, and extends sometimes beyond the
Moon to a distance equal to our satellite’s diameter.
Besides this, rays of light, called aigrettes, diverge
from the Moon’s edge, and appear to be shining through
the light of the corona. In some eclipses some parts of
the corona have reached to a much greater distance from
the Moon’s edge than in others.

247. It is supposed that the corona is the Sun’s atmo-
sphere, which is not seen when the Sun itself is visible,
owing to the overpowering light of the latter.

248. When the totality has commenced, apparently
close to the edge of the Moon, and therefore within the
corona, are observed fantastically-shaped masses, full lake-
red, fading into rose-pink, variously called red-flames
and red-prominences. Two of the most remarkable of
these hitherto noticed were observed in the eclipse of
1851. They have thus been described by the Rev.
W. R. Dawes:—

‘A bluntly triangular pink body [was seen] suspended,
as it were, in the corona. This was separated from the
Moon’s edge when first seen, and the separation increased
as the Moon advanced. It had the appearance of a large
conical protuberance, whose base was hidden by some
intervening soft and ill-defined substance. ... To the
north of this appeared the most wonderful pheno:nenon
of the whole: a red protuberance, of vivid brightness and
very deep tint, arose to a height of perhaps 13" when first
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seen, and increased in length to 2’ or more, as the
Moon’s progress revealed it more completely. In shape
it somewhat resembled a 7wrkish cimeter, the northern
edge being convex, and the southern concave. Towards
the apex it bent suddenly to the south, or upwards, as
seen in the telescope. . .. To my great astonishment,
this marvellous object continued visible for about five
seconds, as nearly as I could judge, after the Sun began
to reappear.”

249. It has been definitely established that these pro-
minences belong to the Sun, as those at first visible on
the eastern side are gradually obscured by the Moon,
while those on the western are becoming more visible,
owing to the Moon’s motion from west to east over the
Sun. The height of some of them above the Sun's sur-
face is upwards of 40,000 miles.

250. It is thought that these red-prominences are
incandescent clouds floating in the Sun’s atmosphere, or
resting upon the photosphere ; but this has not as yet been
definitely established.

LESSON XIX.—THE OTHER PLANETS COMPARED WITH
THE EARTH. PHYSICAL DESCRIPTION OF MARS.

251. We are now in a position to examine the other
planets of our system, and to bring the facts taught us by
our own to bear upon them. In the case of all the planets
we have been able to ascertain the facts necessary to de-
termine the elements of their revolution round the Sun;
that is to say, the time in which the complete circuit round
the common luminary is accomplished, and the shape and
position of their orbits with regard to our own. Now the
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shape of the orbit depends upon the degree of its ellipticity
—for all are elliptical—and its position upon the distance
of the planet from the Sun, and the degree in which the
plane of each orbit departs from our own. When we
have, in addition to these particulars, the position of the
nodes—the points in which the orbit intersects the plane
of our orbit—and the position of the perihelion points,
we have all the materials necessary for calculation or for
making a diagram of the planet’s path.

252. Still, however satisfactory our examination of the
planets has been with regard to their revolution round the
Sun, we are compelled to state that when we wish to in-
quire into their rotations on their axes, the length of their
days, their seasons, and their physical constitutions, the
knowledge as yet acquired by means of the telescope is
far from complete. Thus, of the planets Mercury and
Venus we have nothing certain to tell on these matters ;
they are both so lost in the Sun’s rays, and so refulgent in
consequence of their nearness to that body, that our ob-
servation of them, of Mercury especially, has been baffled.
Of the same class of facts in the case of Uranus and
Neptune we are equally ignorant, but for a different
reason. At our nearest approach to Uranus we are up-
wards of 1,700,000,000 miles away from that planet ; at
our nearest approach to Neptunec we are upwards of
2,600,000,000 miles away, and we cannot be surprised that
our telescopes fail us in delicate observations at such dis-
tances. Still, in the case of Uranus, we have been able to
assume some facts from the motions of his moons.

253. With regard however to Mars, Jupiter, and Saturn,
the planets whose orbits are nearest to our own, our
information is comparatively full and complete. For
instance, we can for these planets give the following in-
formation in addition to that stated in Arts. 139 and 140,
and Table II. of the Appendix.
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Mercury . . . . & Jupiter . . . . i%
BUASHNS, . . . o d P SOMIBNT S 42t it i o
Eavth . . . .. sk WA nUS o 4t a5 fnle o f
B 1 e T | woNaptgne . o e e P

From this Table we learn that if the equatorial dia-
meter of Mercury be taken as 29, the polar one is only’
28 : in the cases of Jupiter and Saturn, the diameters are
as 17 to 16 and g to 8, respectively. In these two last the
rotation is very rapid (Art. 253); and this great flattening
is what we should expect from the reasoning in Art. 196

256. We now come to what we can glean of the
physical structure of the planets as seen in the telescope
when they are nearest the Earth. Let us begin with Mars.
We give in Plate 1X. two sketches, taken in the year 1862.
Here at once we see that we have something strangely
like the Earth. The shaded portions represent water,
the lighter ones land, and the bright spot at the top of
the drawings is probably snow lying round the south pole
of the planet, which was then visible.

257. The two drawings represent the planet as seen in
an astronomical telescope, which inverts objects so that
the south pole of the planet is shown at top. The upper
drawing was made on the 25th of September, the lower
one on the 23d. In the upper one a sea is seen on the
left, stretching down northwards; while, joined on to it, as
the Mediterranean is joined on to the Atlantic, is a long
narrow sea, which widens at its termination.

In the lower drawing this narrow sea is represented
on theleft. The coast-line on the right strangely reminds
one of the Scandinavian peninsula, and the included
Baltic Sea.

258. It will be now easy to understand how we have
been able to determine the length of the day and the
inclination of the axis. We have only to watch how long
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it takes one of the spots near the equator of each planet
to pass from one side to the other, and the direction it
takes, to get at both these facts.

259. Mars not only has land and water and snow like
us, but it has clouds and mists, and these have been
watched at different times. The land is generally reddish
when the planet’s atmosphere is clear ; this is due to the ab-
sorption of the atmosphere, as is the colour of the setting
Sun with us. The water appears of a greenish tinge.

260. Now, if we are right in supposing that the bright
portion surrounding the pole be ice and snow, we ought to
see it rapidly decrease in the planet’s summer. This is
actually found to be the case, and the rate at which the
thaw takes place is one of the most interesting facts to be
gathered from a close study of the planet. In 1862 this
decrease was very visible. The summer solstice of Mars
occurred on the 3oth of August, and the snow-zone was
observed to be smallest on the 11th of October, or forty-
two of our days after the highest position of the Sun. This
very rapid melting may be ascribed to the inclination of
the axis, which is greater than with us; to the greater
eccentricity of the planet’s orbit; and to the fact that the
summer time of the southern hemisphere occurs when the
planet is near perihelion,

261. For a reason that will be easily understood when
we come to deal with the effect of the Earth’s revolution
round the Sun on the apparent positions and aspects of
the planets, we sometimes see the north pole, and some-
times the south pole of Mars, and sometimes both : when
either pole only is visible, the features, which appear to
pass across the planet’s disc in about twelve hours—that
is, half the period of the planet’s rotation—describe curves
with the concave side towards the visible pole. 'When both
poles are visible they describe straight lines, exactly as in
the case of the Sun (Art. 106). These changes enable all
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and this is the case = The planet Jupiter is surrounded by
an atmosphere so densely laden with clouds, that of the
actual planet itself we know nothing.

What are generally known as the belts of Jupiter are
dusky streaks which cross a brighter background in direc-
tions generally parallel to the planet’s equator. And for the
most part, the largest belts are situated on either side of it,
in exactly the same way as the two belts of Trade-Winds
on the Earth lie on either side of the belt of Equatorial
Calms and rains. Outside these, again, we get represen-
tatives of the Calms of Cancer and Capricorn, although
these are not so regularly seen, the portion of the planet’s
surface polewards of the two belts being liable to great
changes of appearance, sometimes in a very short time.
The portions of the atmosphere representing the terres-
trial calm-belts sometimes exhibit a beautiful rosy tint,
the equatorial one eSpecially.

264. The variations of this cloudy atmosphere lend
great variety to the appearance of the planet at different
times; the belts are sometimes seen in large numbers,
and extend almost to the poles. Besides the belts, some-
times bright spots, sometimes dark ones, are seen, which
have enabled us to determine the period of the planet’s
rotation, which, as we have seen, is very rapid—so rapid,
that on the equator an observer would be carried round
at the rate of 467 miles a minute, instead-of 17 as on
the Earth.: We can easily understand that this rapid
rotation would break the cloudy surface into belts more
than with us, or as is the case of Mars; in the latter
planet, indeed, no trace of cloud-belts has as yet been
detected ; their absence is perhaps due to its slow rotation
and small size. ‘

265. Although all astronomers do not agree that the
surface of the planet is never scen, there are many strong
reasons why it should not be seen. In the first place,
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Mars and the Earth, whose atmospheres are nearly alike,
have nearly the same densities (Art. 145), while, in the case
of Jupiter and Saturn—the belts of which latter planet,
as far as we can observe them, resemble Jupiter’s—the
density, as calculated on the idea that what we see is all
planet, is only about one-fifth that of the Earth; and as
the density of the Earth is 5} times that of water, it
follows that the densities of the two planets in question
are not far off that of water.

' 266. Now, if we suppose that the apparent volume of
Jupiter (and similarly of Saturn) is made up of a large
shell of cloudy atmosphere and a kernel of planet, there
is no reason why the density of the real Jupiter (and
of the real Saturn) should vary very much from that of
the Earth or Mars, and this would save us from the water-
planet hypothesis. Moreover, a large shell of cloudy
atmosphere is precisely what our own planet was most
probably enveloped in, in one of the early stages of its
history (Art. 208).

267. In addition to the changing features of Jupiter
itself, the telescope reveals to us four moons, which as
they course along rapidly in their orbits, and as these
orbits lie nearly in the plane of the planet’s orbit, lend a
great additional interest to
the picture. In the various
positions in their orbits the
satellites sometimes appear
at a great distance from the
primary ; sometimes they
come between us and the

: Fig. 16.—]Jupiter and his Moons
planet, appearing now as (general view).

bright and now as dark spots on its surface. At

other times they pass between the planet and the Sun,

throwing their shadows on the planet’s disc, and

causing, in fact, eclipses of the Sun. They also enter
T
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into the shadow cast by the planet, and are therefore
eclipsed themselves ; and sometimes they pass behind the
planet,and are said to be occulted. Ofthese appearances
we shall have more to say by and by (Lesson XXXVT).

268. Referring to the sizes of these moons and their
distances from the planet, in Table III. of the Appendix,
it may be here added that, like our Moon, they rotate on
their axes in the same time as they revolve round Jupiter.
This has been inferred from the fact that their light varies,
and that they are always brightest and dullest in the same
positions with regard to Jupiter and the Sun.

269. In Plate X. the black spot is the shadow of a satel-
lite, and the satellite itself is seen to the left ; the passage
of either a satellite or shadow is called a transit. Ina
solar eclipse, could we observe it from Venus, we should
see a similar spot sweeping over the Earth’s surface.

270. We now come to Saturn; and here again, as in
the case of Jupiter, we come upon another departure
from Mars and the Earth. The planet itself, which is
belted like Jupi-
ter, is surrounded
| not only by eight
moons, but by a
series of rings,
one of which, the
inner one,is trans-
parent! The belts
have been before
referred to (Art.
265), they need
not, therefore, detain us here ; and we may dismiss the
satellites—as their distances from Saturn, &c. are given
in Table ITI. of the Appendix—with the remark, that as
the equator of Saturn, unlike that of Jupiter, is greatly

Fig. 17.—Saturn and his Moons (general view).
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inclined to the ecliptic; transits, eclipses, and occulta-
tions of the satellites, the orbits of which for the most
part lie in that plane, happen but rarely.

271. It is to the rings that most of the interest of this
planet attaches. We may well imagine how sorely puzzled
the earlier observers, with their very imperfect telescopcs,
were, by these strange appendages. . The planet at first
was supposed to resemble a vase ; hence the name 47se,
or handles, given to the rings in certain positions of the
planet. It was next supposed to consist of three bedies,
the largest one in the middle. The true nature of the
rings was discovered by Huyghens in 1655, who announced
it in this curious form :—-

“aaaaaaa ccccc d ceeee g h il 11 mm
nnnnonnnn 0000 pp (q Ir s ttttt uuvuy,”
which letters, transposed, read : —
“annulo cingitur, tenui plano, nusquam cohacerente, ad
eclipticam inclinato.”

There is nothing more encouraging in the history of
astronomy than the way in which eye and mind have
bridged over the tremendous gap which separates us from
this planet. By degrees the fact chat the appearance was
due to a ring was determined ; then a separation was
noticed dividing the ring into two ; the extreme thinness
of the ring came out next, when Sir William Herschel
observed the satellites ‘“like pearls strung on a silver
thread;” then an American astronomer, Bond, discovered
that the number of rings must be multiplied we know not
how many fold. Next followed the making out of the
transparent ring by Dawes and Bond, in 1852 ; then the
transparent ring was discovered to be divided as the whole
system had once been thought to be ; last of all comes
evidence that the smaller divisions in the various rings are
subject to change, and that the ring-system itself is pro-
bably increasing in breadth, and approaching the planet.

I2
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In spite of this enormous breadth, the thickness of the
rings is not supposed to exceed 100 miles.

273. Of what, then, are these rings composed ? There
is great reason for believing that they are neither solid
nor liquid; and the idea now generally accepted is
that they are composed of myriads of satellites, or little
bodies, moving independently, each in its own orbit, round
the planet ; giving rise to the appearance of a bright ring
when they are closely packed together, and a very dim
one when they are most scattered. In this way we may
account for the varying brightness of the different parts,
and for the haziness on both sides of the ring near the
planet (shown in Fig.38 ), which is supposed to be due to
the bodies being drawn out of the ring by the attraction
of the planet.

274. Although Saturn appears to resemble Jupiter in
its atmospheric conditions, unlike that planet, and like our
own Earth, its year, owing to the great inclination of its
axis, is sharply divided into seasons, which however are
here indicated by something else than a change of tem-
perature ; we refer to the effects produced by the presence
of the strange ring appendage. To uaderstand these
effects, its appearance from the body of the planet must
first be considered. As the plane of the ring lies in the
plane of the planet’s equator, an observer at the equator
will only see its thickness, and the ring therefore will
put on the appearance of a band of light passing through
the east and west points and the zenith. As the ob-
server, however, increases his latitude either north or
south, the surface of the ring-system will begin to be seen,
and it will gradually widen, as in fact the observer will
be able to look down upon it; but as it increases in
width it will also increase its distance from the zenith,
until in lat. 63° it is lost below the horizon, and between
this latitude and the poles it is altogether invisible.
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275. Now the plane of the ring always remains parallel
to itself, and twice in Saturn’s year—that is, in two opposite
points of the planet’s orbit—it passes through the Sun.
It follows, therefore, that during one-half of the revolution
of the planet one surface of the rings is lit up, and during
the remaining period the other surface. At night, there-
fore, in one case, the ring-system will be seen as an illumi-
nated arch, with the shadow of the planet passing over
it, like the hour-hand over a dial ; and in the other, if it
be not lit up by the light reflected from the planet, its
position will only be indicated by the entire absence of stars.

276. But if the rings eclipse the stars at night, they can
also eclipse the Sun by day. In latitude 40° we have
morning and evening eclipses for more than a year,
gradually extending until the Sun is eclipsed during the
whole day—that is, when its apparent path lies entirely in
the region covered by the ring ; and these total eclipses
continue for nearly seven years : eclipses of one kind or
another taking place for 8 years 292 days. 'This will give
us an idea how largely the apparent phenomena of the
heavens, and the actual conditions as to climates and
seasons, are influenced by the presence of the ring.

As the year of Saturn is as long as thirty of ours, it
follows that each surface of the rings is in turn deprived
of the light of the Sun for fifteen years.

277. We have now finished with the planets known to
the ancients; the remaining ones, Uranus and Neptune,
have been discovered in modern times—the former in
1781, by Sir Wm. Herschel, and the latter in 1846, inde-
pendently, by Professor Adams and M. Le Verrier.

278. Both these planets are situated at such enormous
distances from the Sun, and therefore from us, that
Uranus is scarcely, and Neptune not at all, visible to the
naked eye. Owing to this remoteness, nothing is known
of their physical peculiarities. We have already stated,
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however, that the motion of the satellites of Uranus is in
- the opposite direction to that of all the other planetary
- members of the system.

279. The discovery of the planet Neptune is one of the
most astonishing facts in the history of Astronomy. As
we shall see in the sequel, every body in our system
affects the motions of every other body ; and after Uranus
had been discovered some time, it was found that on
taking all the known causes into account, there was still
something affecting its motion ; it was suggested that this
something was another planet, more distant from the Sun
than Uranus itself. And the question was, where was this
planet, if it existed ?

When we come to consider the problem in all its
grandeur, we need not be surprised that two minds, who
felt themselves competent to solve it, should have inde-
pendently undertaken it. As far back as July 1841, we
find Mr. Adams determined to investigate the irregularities
of Uranus: early in September 1846, the new planet
had fairly been grappled. We find Sir John Herschel
remarking, “ We see it as Columbus saw America fromn
the shores of Spain. Its movements have been felt
trembling along the far-reaching line of our analysis with
a certainty hardly inferior to ocular demonstration.”

On the 29th July, 1846, the large telescope of the Cam-
bridge Observatory was first employed to search for the
planet in the place where Professor Adams’s calculations
had assigned it. M. Le Verrier, in September, wrote to
the Berlin observers, stating the place where his calcula-
tion led him to believe it would be found: his theoretical
place and Professor Adams’s being not a degree apart.
At Berlin, thanks to their star-maps, which had not yet
been published, Dr. Galle found the planet the same

evening, very near the position assigned to it by both
Astronomers.
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these little bodies have been detected. A list of them,
with their symbols, will be found in the Appendix,
Table I.

281. None of these planets, except occasionally Ceres
and Vesta, can be seen by the naked eye; and this brings
us at once to their chief characteristic—the largest minor
planet is but 228 miles in diameter, and many of the
smaller ones are less than 5o.

282. The orbits of those hitherto discovered, for the
most part, lie nearer to Mars than Jupiter, and the orbits
in some cases are so elliptical, that if we take the extreme
distances into account, they occupy a zone 240,000,000
miles in width—the distance between Mars and Jupiter
being 336,000,000. The planet nearest the Sun is (3) Flora,
whose journey round the Sun is performed in 3} years, at
a mean distance of 201,000,000 miles ; the most distant
one is Maximiliana, whose year is as long as 64 of
ours, and whose mean distance is 313,000,000 miles.

283. Not only do some of the orbits approach those
of comets in the degree of eccentricity, but they resemble
them in another matter—their great inclination to the
ecliptic. The orbit of () Palas, for instance, is inclined
34° to the plane of the ecliptic; while (9 Massilia is
inclined but a few minutes of arc.

284. The minor planets lately discovered shine as stars
of the tenth or eleventh magnitude, and the only way in
which they can be detected, therefore, is to compare the
star-charts of different parts of the heavens with the
heavens themselves, night after night. Should any point
of light be observed not marked on the chart, it is imme-
diately watched, and if any motion is detected, the amount
and direction are determined. Some idea of the diligence
and patience required for this branch of observation may
be gathered from Fig. 18, which is a reduction of a part
of one of M. Chacornac’s ecliptic charts. The faint
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diagonal line shows the path of a minor planet across
that portion of the heavens represented.

Fig. 18.—Star Map, shuwing the path ot a Minor Planet.

285. With regard to the cause for the existence of these
little bodies, it has been suggested that they may be
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through them. In 1858, the bright star Arcturus was seen
through the tail of Donati’s comet at a place where the
tail was go,000 niles in diameter.

292. The number of comets recorded from the earliest
times, beginning with the Chinese annals, to our own is
about 800, but the number observed at present is much
greater than formerly, as many telescopic ones are now
recorded, whereas the old chronicles tell us only of those
in bygone times which were brilliant enough to attract
general attention, and to give rise to the most gloomy
forebodings. It is worthy of remark that in the year of
the Norman invasion, 1066, a fine comet with three tails
appeared, which in the Norman chronicle is given as
evidence of William’s divine right to invade this country.

293. We have already stated that these bodies are
probably white-hot masses. Now when they are far away

from the Sun, their heat is feeble, and their light is
dim, and we observe them in our telescopes as round

misty bodies, moving very slowly, say a few yards in a
second, in the depths of space. Gradually, as the comet
approaches the Sun, and as its motion increases (for, as
we shall see in Chap. IX., the nearer any body, be it
planet or comet, gets to the Sun, the faster it travels), the
Sun’s action begins to be felt, the comet gets hotter and
gives out more light, which enables it to become visible
to the naked eye. A violent action commences; the gas
bursts forth in jets from the coma towards the Sun,and is
instantly driven back again, as the steam of a locomotive
going at great speed is driven back on its path, though
from a different cause. The jets rapidly change their
position and direction, and & Za:/ is formed, which seems
to consist of the smoke or products of combustion driven
off from the coma, or head, probably by the repulsive
power of the Sun, and rendered visible by his light. This
tail is always turned away from the Sun, whether the comet
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be approaching or receding from that body. As the comet
still gets nearer the Sun and therefore the Earth, we begin
to see in some instances that the coma or head contains a
kernel or nucleus, which is brighter than the coma itself|
the jets are distinctly visible, and sometimes the coma
consists of a series of envelopes. In the beautiful comet
of 1858 we saw what this meant: the nucleus was con-
tinually throwing off these envelopes or shells which
surrounded it like the layers of an onion, and peeled off,
and these layers expanded outwards, giving place to
others. Seven distinct envelopes were thus seen ; as they
were driven off, they seemed expelled into the tail. Here
we have a reason why the
tails of comets should, as a
rule, increase so rapidly as
theyapproachthe Sun,which
gives rise to all this violent
action :—the tailof the comet
of 1861 was 20,000,000 miles
in length, but this length has
beenexceeded inmany cases,
notably by the tail of the
comet of 1843, which was
112,000,000 long, the dia-
meter of the coma being
112,000 miles, that of the
nucleus 400 miles.

We have said as a rule,
because Halley’s comet, as
observed by Sir John Her-
schel, and Encke’s comet,
furnish us with exceptions. Fiz 20.—Donati’s Comet (showing
As these comets approached Head and Envelopes).
the Sun, both tail and coma decreased, and the whole
comet appeared only like a star, Still for all that, in the
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majority of instances, comets increase in brilliancy, and
their tails lengthen as they near the Sun, so much so that
in some instances they have been visible in broad day-
light. The enormous effect of a near approach to the
Sun may be gathered from the fact that the comet of
1680 at its perihelion passage, while it was travelling at
the rate of 1,200,000 miles an hour, in two days shot
out a tail 20,000,000 leagues long.

294. In olden times, when less was known about comets,
they caused great alarm—not merely superstitious terror,
which connected their coming with the downfall of a king
or the outbreak of a plague, but a real fear that they would
dash this little planet to pieces should they come into
contact with it.: Modern science teaches us that in the
great majority of instances the mass of the comet is so
small that we need not be alarmed ; indeed, there is good
reason to believe that on June 30, 1861, we did actually
pass through the tail of the glorious comet which then
became so suddenly visible to us. There is another fact
too which teaches us the same thing. In 1776, a comet
approached so close to Jupiter that it got entangled among
the satellites of that planet, but the satellites all the time
pursued their courses as if the comet had never existed.
This, however, was by no means the case with the comet;
it was thrown entirely out of its course, and has changed
its orbit from one with a long period to one with a period
of twenty years or so.

295. Thereis an instance on record of a comet dividing
itself into two portions, each separate portion afterwards
pursuing distinct but similar orbits. This is Biela’s comet,
given in the table in Art. 288. But this is not all. This
twin comet was due back again at the Sun in the end of
January 1866, and it ought to have been visible from the
Earth, as its orbit intersects the orbit of the Earth at the
place occupied by our planet on the 3oth of November,
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~ but in spite of the strictest watching nothing was seen of
it. It is believed that, like Lexell’s comet, it has been
diverted from its course by some member of our system,
and that in this case the November meteors may have
been the disturbing cause.

296. It has been estimated that there may be many
millions of comets belonging to our system, and perhaps
passing between this and other systems. We see but few
of them, because those only are visible to us which are
well placed for observation when they pass the Earth in
their journey to or from perihelion, while there may be
thousands which at their nearest approach to the Sun are
beyond the orbit of Neptune.

297. In the case of a comet without a nucleus, we have
reason to believe that the coma is a mass of white-hot
gas, similar in composition to that of which the nebule
are composed ; but we do not yet know that when we
see a bright comet with a nucleus it is composed of similar
material ; one thing is certain, that as the tail indicates
the waste, so to speak, of the head, each return to the
Sun must reduce the mass of the comet. A reduction of
speed would in time be enough to reduce the most refrac-
tory comet into a quiet member of the solar family, as the
orbit would become less elliptical, or more circular, at
each return to perihelion. This effect has, in fact, been
observed in some of the short-period comets. Encke’s
comet, for instance, now performs its revolution round
the Sun in three days less than it did eighty years ago.
It has been affirmed that this effect is due to the friction
offered by the ethereal medium—an effect we do not. per-
ceive in the case of the planets, as their mass is so much
larger—as the resistance of the air stops the flight of a
feather sooner than it does that of a stone. Sir Isaac
Newton has calculated that a’ cubic inch of air at the
Earth’s surface—that is, as much as is contained in a

K
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good-sized pill-box--if reduced to the density of the air
4,000 miles above the surface, would be sufficient to fill a
sphere the circumference of which would be as large as
the orbit of Neptune. The tail of the largest comet,
if it be gas, may therefore weigh but a few ounces or
pounds; and the same argument may be applied to the
comet itself, if it be not solid. We can understand, then,
that with such a small supply there is not much room for
waste, and with such a small mass the resistance offered
to it may easily become noticeable.

LeEssoN XXIV.—LuMINOUS METEORS. SHOOTING
STARS. NOVEMBER SHOWERS. RADIANT POINTS.

298. There are very few nights in the year in which, if
we watch for some time, we shall not see one of those
appearances which are called, according to their brilliancy,
meteors, bolides, or falling or shooting stars. On sonie
nights we may even see a skower of falling stars, and the
shower in certain years is so dense that in some places the
number seen at once equals the apparent number of the
fixed stars seen at a glance ;* indeed, it has been calculated
that the average number of meteors which traverse the
atmosphere daily, and whjch are large enough to be visible
to the naked eye on a dark clear night, is no less than
7,500,000 ; and if we include meteors which would be
visible in a telescope, this numbzr will have to be increased
to 400,000,000! so that, in the mean, in each volume as
large as the Earth, of the space which the Earth traverses
in its orbit about the Sun, there are as many as 13,000
small bodies, each body such as would furnish.a shooting

* Baxendell.
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star, visible under favourable circumstances to the naked
eye. If telescopic meteors be counted, this number should
be increased at least forty-fold.

299. It is now generally held that these little bodies are
not scattered uniformly in the space comprised by the
Solar System, but are collected into several groups, some
of which travel like comets, in elliptic orbits round the
Sun ; and that what we call a shower of meteors is due
to the Earth breaking through one of these groups. Two
such groups are well defined, and we break through them
in August and November in each year. The exquisitely
beautiful star-shower which was witnessed during the
year 1866 has placed the truth of this explanation beyond
all doubt. Let us consider how the appearances observed
are connected with the theory, and what the theory actually
is in its details.

800. Here again we must fall back upon our imaginary
ocean (Art. 105) to represent the plane of the ecliptic. Let
us further suppose that the Earth’s path is marked out by
buoys placed at every degree of longitude, beginning from
the place occupied by the Earth at the autumnal equinox,
and numbered from right to left from that point. Now
if it were possible to buoy space in this way, we should
see the November group of meteors rising from the
plane at the point occupied by our Earth on the 14th of
November.

301. But why do we not have star-showers every
November? Because the orbit of the meteors has the
principal mass of the little bodies in one part of it, its
extent along the elliptic orbit being such that it requires
two or three years to make its passage round the Sun.
So that to get a star-shower we must not only go through
the orbit, but through that exact part of it where the mass
is collected. Hence we do not go through the group every
year, because the mass of little bodies performs its revolu-

K2



132 ASTRONOMY.

tion like a comet, in 33} years. So that if we go through
the mass one year, it will have passed the node the next
year, and we shall not have a shower again until the mass
happens to be at the node again thirty-three years after.

302. Now what will happen when the Earth, sailing
along in its path, reaches the node and encounters the
mass of meteoric dust, the particles of which travel, as
we know, in the opposite direction ?

303. Let us in imagination connect the Earth and Sun
by a straight line: at any moment the direction of the
Earth’s motion will be at right angles to that line (or, as
it is called, @ Zangent to its orbit): therefore, as longitudes
are reckoned, as we have seen, .from right to left, the
motion will be directed to a point 9o” of longitude behind
the Sun. The Sun’s longitude at. noon on the 14th No-
vember, 1866, was 232° within a few minutes ; 9go° from
this gives us 142°.

304. As therefore the meteors, as we meet them in our
journey, should seem to come from the point of space
towards which the Earth is travelling, and not from any
side street as it were, we ought to see them coming from
a point situated in longitude 142°% or thereabouts. Now
what was actually seen ?

805. One of the most salient facts, noticed by those even
who did not see the significance of it, was that all the
meteors seen in the late display really did seem to come
from one part of the sky. In fact, there was a region in
which the meteors appeared trainless, and shone out for
a moment like so many stars, decause they were directly
approaching us. Near this spot they were so numerous,
and all so foreshortened, and for the most part faint, that
the sky at times put on almost a phosphorescent appear
ance. As the eye travelled from this region, the trains
became longer, those being longest as a rule which first
made their appearance. over head, or which trended west*
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ward. Now, if the paths of all had been projected back-
wards, they would have all intersected in one region, and
that region the one in which the most foreshortened ones
were seen. So decidedly did this fact come out, that there
were moments in which the meteors belted the sky like
the meridians on a terrestrial globe, the pole of the globe
being represented by a point in the constellation Zeo. In
fact, they all seemed to 7adiate from that point, and
radiant-point is precisely the name given to it by astro-
nomers. Now the longitude of this point is 142° or
thereabout !

806. The apparent radiation from this point is an effect
of perspective, and hence we gather that the paths of the
meteors are parallel, or nearly so, and that the meteors
themselves are all travelling in straight lines from that
point.

307. Here, then, is proof positive enough that the
meteoric hail was fairly directed against, and as fairly met
by, the Earth. Now here another set of considerations
comes in. Suppose, for instance, we were situated in the
radiant point, and could see exactly the countries which
occupied the hemisphere of our planet facing the meteors,
at the moments our planet entered the shower, when it was
in its midst, and when it emerged again. In consequence
of the Earth’s rotation, and as the shower can of course
only fall on the hemisphere of the Earth most forward at
the time, the places at which the shower is central, rising,
and setting, so to speak, will be constantly varying. In
fact, each spectator is carried round by the Earth’s rota-
tion, and enters about midnight the front hemisphere of the
Earth—the one which is exposed to the meteoric hail. We
know therefore, again to take an instance {rom the last
display, that as the shower did not last long into the
morning, the time of maximum for the whole Earth was
certainly not later than that observed at Greenwich ; but
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we do not know that it was not considerably earlier. Had
the actual number of meteors encountered by the Earth
remained the same, the apparent number would have
increased from midnight to 6 A.M. ; as at 6 we should have
been nearly in the middle of the front side of the Earth on
which they would be showering.

308. By careful observations of the radiant-point it has
been determined that the orbit of each member of the
November star-shower, and therefore of the whole mass,
is an ellipse with its perihelion lying on the Earth’s orbit,
and its aphelion point lying just beyond the orbit of
Uranus ; that its inclination to the plane of the ecliptic
is 17°; and that the direction of the motion of the
meteors is retrograde.

809. Up to the present time 56 such radiant-points,
which possibly indicate 56 other similar groups moving
round the Sun in cometary or planetary orbits, have been
determined. The meteors of particular showers vary in
their distinctive characters, some being larger and brighter
than others, some whiter, somé more ruddy than others,
some swifter, and drawing after them more persistent
trains than those of other showers.

LESSON XXV.—LUMINOUS METEORS (conzinr:ed). CAUSE
OF THE PHENOMENA OF METEORS. ORBITS OF
SHOOTING STARS. DETONATING METEORS. METEOR-
ITES : THEIR CLASSIFICATION. FALLS. CHEMICAL
AND PHYSICAL CONSTITUTION.

310. Now let us take the case of a single meteor entering
our atmosphere. Why do we get such a brilliant appear-
ance? In the first place, we have the Earth travelling at
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the rate of 1,000 miles an hour, plunging into a mass of

bodies whose velocity is at first equal to its own, and is
then increased to 1,200 miles a minute by the Earth’s
attraction. The particle then enters our atmosphere at
the rate of 30 miles a second ; its motion is arrested by
the friction of that atmosphere, which puts @ éreak on it,
and as the wheel of a tender gets hot under the same cir-
cumstances, and as a cannon-ball gets hot when the target
impedes its further flight, so does the meteoric particle get
hot. Sohotdoes it get that, at last,as great heat is always
accompanied by light, we see it: it becomes vaporized,
and leaves a train of luminous vapour behind it.

811. It would seem that all the particles which com-
pose the November ‘shower are small : it has been esti-
mated that some of them weigh but two grains. They
begin to burn at a height of 74 miles, and are burnt up
and disappear at a height of 54 miles ; the average length
of their visible paths being 42 miles. It is supposed
that the November-shower meteors are composed of more
easily destructible or of more inflammable materials than
aérolitic bodies.

812. What has been said about the appearance of the
November meteors applies to the other star-showers,
notably to the August and April ones, the meteors of
which also travel round the Sun in cometary orbits ; in
fact, there is reason to believe that three bodies, which
were observed and recorded as comets, are really nothing
but meteors, and belong one to the November, one to
the August, and the other to the April group. This dis-
covery, however, is so recent and so unexpected, and so
much has to be done before we can thoroughly under-
stand it, that in this little book it will be sufficient to
state it merely.

813. In the case of the November and August meteors
and shooting-stars generally, the mass is so small that it
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sporadic meteors—a term which includes meteors com-
monly so called, dolides, stone-falls, and ironfalls—belong
to group scometic or otherwise, although, like the falling
stars, they affect particular dates; but, as they are inde-
pendent of geographical position, it has been imagined
that there may be some astronomical and perhaps a
physical difference between them and the ordinary falling
or shooting stars.

316. Among the largest aérolitic falls of modern times
we may mention the following. On April 26, 1803, at
2 P.M. a violent explosion was heard at L’Aigle (in Nor-
mandy); and at a distance of eighty miles round, a few
minutes before the explosion was heard, a luminous meteor
with a very rapid motion appeared in the air. Two thou-
sand stones fell, so hot as to burn the hands when touched,
and one person was wounded by a stone upon the arm.
The shower extended over an area nine miles long and
six miles wide, close to one extremity of which the largest
of the stones was found. A similar shower of stones fell
at Stannem, between Vienna and Prague, on the 22d of
May, 1812, when 200 stones fell upon an area eight miles
long by four miles wide. The largest stones in this case
were found, as before, near the northern extremity of
the ellipse. A third stonefall occurred at Orgueil, in the
south of France, on the evening of the 14th of May, 1864.
The area in which the stones were scattered was eighteen
miles long by five miles wide. At Kuyahinza, in Hungary,
on the gth of June, 1866, a luminous meteor was seen,
and an aérolite weighing six hundredweight, and nearly
one thousand lesser stones, fell on an area measuring ten
miles in length by four miles wide. The large mass was
found, as in the other cases, at one extremity of the oval
area ; the fall was followed by a loud explosion, and a
smoky streak was visible in the sky for nearly half an hour.*

* Professor Herschel.
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- looked at the various celestial bodies from all points of
v1ew, our bodily eyes are chained to the Earth—the Earth
is, in fact, our Observatory, the very centre of the wiszble
creation ; and this is why, until men knew better, it was
thought to be the very centre of the acfzal one.

8323. More than this, the Earth is not a fixed observa-
tory ; it is a moveable one, and, as we know, has a double
movement, turning round its own axis while it travels
round the Sun. Hence, although the stars and the Sun
are at rest, they appear to us, as every child knows, to
have a rapid movement, and rise and set every twenty-
four hours. Although the planets go round the Sun, their
circular movements are not visible to us as suck, for our
own annual movement is mixed up with them

Having described the heavens then as they ar¢, we must
describe them as they seem. The real movements must
now give way to the apparent ones; we must, in short,
take the motion of our observatory, the Earth; into
account.

324. To make this matter quite clear, before we pro-
ceed, let the Earth be supposed to be at rest: neither
turning round on its own axis, nor travelling round the
Sun. What would happen is clearly this—that the side
of it turned towards the Sun would have a perpetual day,
the other side of it perpetual night. On one side the
Sun would appear at rest—there would be no rising and
setting ; on the other side the stars would be seen at rest
in the same manner : the whole heavens would be, as it
were, dead.

325. Again, let us suppose the Earth to go round the
Sun as the Moon goes round the Earth, turning once on
its axis each revolution, which would result in the same
side of the Earth always being turned towards the Sun.
The inhabitants of the lit-up hemisphere would, as before,
see the Sun motionless in the heavens; but in this case,
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those on the other side, although they would never see
the Sun, would still see the stars rise and sct once a year.

These examples should give you an idea of the way in
which the various apparent movements of the heavenly
bodies are moulded by the Earth’s real movements, and
we shall find that the former are mainly of two kinds—
daily apparent movements, and yearly apparent move-
ments, which are due, the first to the Earth’s daily rotation,
or turning on its axis,and the second to the Earth’s yearly
revolution or journey round the Sun. In each case the
apparent movement is, as it were, a reflection of the real
one, and in the opposite direction to the real one; exactly.
what we observe when we travel smoothly in a train or
balloon. When we travel in an express train, the objects
appear to fly past us in the opposite direction to that in
which we are going; and in a balloon, in which not the
least sensation of motion is felt;to the occupant of the
car it is always the Earth which appears to fall down
from it, and rush up to meet it, while the balloon itself
rises or descends.

826. We will first study the effects of the Earth’s
rotation on the apparent movements of the stars. The
daily motion of the Earth is very different in different
parts—at the equator and at a pole, for instance. An
observer at a pole is simply turned round without changing
his place, while one at the equator is swung round a
distance of 24,000 miles every day. We ought, therefore,
to expect to see corresponding differences in the apparent
motions of the heavens, if they are really due to the actual
motions of our planet. Now this is exactly what is ob-
served, not only is the apparent motion of the heavens
from east to west—the real motion of the Earth being from
west to east—but those parts of the heavens which are
over the poles appear at rest, while those over the equator
appear in most rapid motion. In sbort,the apparent motion
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of the celestial sphere—the name given to the apparent
vauit of the sky—to which the stars appear to be fixed,
and to which, in fact, their positions are always referred,
is exactly similar to the real motion of the terrestrial
one, our Earth; but, as we said before, in an opposite
direction.

827. Before we proceed further, however,’ we must
say something more about this celestial sphere, and ex-
plain the terms employed to point out the different parts
of it.

328. In the first place, as the stars are so far off, we
may imagine the centre of the sphere to lie either at the
centre of the Earth or in our eye, and we may imagine it
as large or as small as we please. The points where the
terrestrial poles would pierce this sphere, if they were long
enough, we shall call the celestial poles; the great circle
lying in the same plane as the terrestrial equator we shall
call the celestial equator, or equinoctial; the point over-
head the zenith; the point beneath our feet the nadir.

Now, as the whole Earth is belted by parallels of
latitude and meridians of longitude, so are the heavens
belted to the astronomer with paraliels of declination and
meridians of right ascension. 1f we suppose the plane in
which our equator lies extended to the stars, it will pass
through all the points which have no declination (0°).
Above and below we have north and south declination,
as we have north and south latitude, till we reach the
pole of the equator (90°). As we start from the meri-
dian of Greenwich in the measure of Jongitude, so do we
start from a certain point in the celestial equator occupied
by the Sun at the vernal equinox, called the f£rst point
of Aries, in the measure of »ight ascension. As we say
such a place is so many degrees east of Greenwich, so we
say such a star is so many hours, minutes, or seconds
east of the first point of Aries.

T
1"
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329. In short, as we define the position of a place on
the Earth by saying that its latitude and longitude (in
degrees) are so-and-so, so do we define the position of a
heavenly body by saying that, referred to the celestial
sphere, its declination (in degrees) and right ascension
(in time reckoned from Aries) are so-and-so.

Sometimes the distance from the north celestial pole is
given instead of that from the celestial equator. This
is called north-polar distance.

These terms apply to the celestial sphere generally.
When we consider that portion of it visible in any one
place, or the sphere of observation, there are other
terms employed, which we will state in continuation.
In any place the visible portion of the celestial sphere
seems to rest either on the Earth or sea. The line where
the heavens and Earth seem to meet is called the visible
borizon; the plane of the visible horizon meets
the Earth at the spectator. The rational, or true
horizon, is a great circle of the heavens, the plane of
which is parallel to the former plane, but which, instead
of passing through the spectator, passes through the
centre of the Earth. A vertical line is a line passing
from the zenith to the nadir, and therefore through the
spectator ; and therefore, again, it is at right angles to
the planes of the horizon, or upright with respect to them.
If it is desired to point out the position of a heavenly
body not on the celestial sphere generally, but on that
portion of it visible on the horizon of a place at a given
inoment of time, this is done by determining either its
altitude or its zenith distance, and its azimuth (instead
of its declination and right ascension).

Altitude is the angular height above the horizon.

Zenith-distance is the angular distance from the zenith.

Azimuth is the angular distance between two planes,
one of which passes through the north or south point
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twelve hours, travelling straight up and down along circles
which get smaller and smaller as we leave the zenith and
approach the poles. The spectator is carried up
and down by the Earth’s rotation, and the stars
appear to be so carried. Yet another figure, to
show what happens half-way between the poles and the
equator. At O,in Fig. 24, we imagine an observer to be

placed on our Earth, in lat. 45° (that is, half-way between |

the equator in lat. 0% and the north pole in lat. go°). Here
the north celestial pole will be half-way between the zenith
and the horizon (see Figs. 22 and 23); and close to the
pole he will see the stars describing circles, inclined,
however,-and not retaining the same distance from the
horizon. As the eye leaves the pole, the stars rise and set
obliquely, describe larger circles, gradually dipping more
and more under the horizon, until, when the celestial
equator, BAB'B”, is reached, half their journey is per-
formed below it. Still going south, we find the stars
rising less and less above the horizon, until, as there were
northern stars that never dip below the horizon, so there
are southern stars which never appear above it.

8383. In lat. 45° south, the southern celestial pole would
in like manner be visible; the stars we never see in the
northern hemisphere never set; the stars which never set
with us, never rise there ; the stars which rise and set
with us set and rise with them.

334 Now it is evident that if we divide the celestial
sphere into two hemispheres, northern and southern, an
observer at the north pole sees the northern stars only;
one at the south pole the southern stars only ; while one
at the equator sees both north and south stars. An
observer in a middle north latitude sees all the northern
stars and some of the southern ones; and another in a
middle southern latitude sees all the southern stars and
some of the northern ones.
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3835. Hence, in middle latitudes, and therefore in
England, we may divide the stars into three classes :—

I. Those northern stars which never set (northern
circumpolar stars).
- Il. Those southern stars which never rise (southern
circumpolar stars).
III. Those stars which both rise and set.

336. It is easily gathered from Figs. 22—24 that the
height of the celestial pole above the horizon at any place
is equal to the latitude of that place ; for at the equator, in
lat. 0° the pole was on the horizon, and consequently its
altitude was nothing ; at the pole in lat. go° it was in
the zenith and its altitude was consequently 9o°; while
in lat. 45° its altitude was 45°. In London, therefore, in
lat. 513°, its altitude will be 514° and hence stars of less
than that distance from the pole will always be visible,
as they will be above the horizon when passing below the
pole. All the stars, therefore, within 51° of the north pole
will form Class I.; all those within 51° of the south pole
Class 11.; and the remainder—that is, all stars from lat.
39° N. (90°—51°=39°) to 39° S.—will form Class III.

387. In these and similar inquiries the use of the ter-
restrial and celestial globes is of great importance in
clearing our ideas.

To use either properly we must begin by making each
a counterpart of what is represented—that is, the north
pole must be north, the south pole south, and moreover
the axis of either globe must be made parallel with the
Earth’s axis.

" 3888. This is accomplished generally by the use of a
compass, the indication of that instrument being cor-
rected by its known variation. This variation at present
is about 21° to the west of the true north ; therefore the
true north lies 21° to the east of magnetic north, and the
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globe from east to west, we shall exactly represent the
apparent motions of the heavens to a spectator on the
Earth supposed to occupy the centre of the globe, as in
Figs. 22-24. The wooden horizon will represent the true
horizon; and why some stars never set and others never
rise in these latitudes, will at once be apparent.

341. At the present time the northern celestial pole
lies in Ursa Minor, and a star in that constellation very
nearly marks the position of the pole, and is therefore
called polaris, or the pole-star. We shall see further on
(Lesson X LIIL),that the direction in which the Earth’s axis
points is not always the same, although it varies so slowly
that a few years do not make much difference. As a con-
sequence, the position of the celestial pole, which is defined
by the Earth’s axis prolonged in imagination to the stars,
varies also. One of the most striking circumpolar con-
stellations is Ursa Major (the Great Bear), the Plough,
or Charles’ Wain, as it is otherwise called. Two stars
in this are called the pointers, as they point to the pole-
star, and enable us at all times to find it easily.

The other more important circumpolar constellations
are Cassiopea, Cepheus, Cygnus, Draco, Auriga (the
brightest star of which, Capella, is very near the horizon
when below the pole), and Perseus. The principal
southern circumpolar constellations which never rise in
this country, are Crux, Centaurus, Argo, Ara, Lepus,
Eridanus, and Dorado. Nearly all the other constel-
lations mentioned in Arts. 37-39 belong to Class III.

342. If, then, we would watch the heavens on a clear
night from hour to hour, to get an idea of these apparent
motions, we may best accomplish this either by looking
eastward to see the stars rise, westward to see them set,
northward to the pole to watch the circular movement
round that point. If, for instance, we observe the Great
Bear, we shall see it in six hours advance from one
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LesSON XXVIII.-—POSITION OF THE STARS SEEN AT
MIDNIGHT. DEPENDS UPON THE TWO MOTIONS OF
THE EARTH. HOW TO TELL THE STARS. CELESTIAL
GLOBE, STAR-MAPS. THE EQuUATORIAL CONSTEL-
LATIONS. METHOD OF ALIGNMENTS.

344. We see stars only at night, because in the day-
time the Sun puts them out; consequently the stars we see
on any night are the stars which occupy that half of the
celestial sphere opposite to the point in it occupied at that
time by the Sun. We have due south, at midnight, the
very stars which occupy the celestial meridian 180° from
the Sun’s place, as the Sun, if it were not below the horizon
in England, would be seen due north,

345. Now as we go round the Sun, we are at different
times on different sides, so to speak, of the Sun; and if
we could see the stars beyond him, we should see them
change; but what we cannot do at mid-day, in conse-
quence of the Sun’s brightness, we can easily do at mid-
night; for if the stars behind the Sun change, the stars
exactly opposite to his apparent place will change too,
and these we can see in the south at midnight.

846. It is clear, in fact, that in one complete revolution
of the Earth round the Sun every portion of the visible
celestial sphere will in turn be exposed to view in the
south at midnight; and as the revolution is completed in
365 days, and there are 360° in a great cizcle of the
sphere, we may say broadly that the portion of the
heavens visible in the south at midnight advances 1°
from night to night, which 1° is passed over in 4 minutes,
as the whole 360° are passed over in nearly 24 hours.
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847. This advance is a consequence of the difference
between the lengths of the day as measured by the fixed
stars and by the moving Sun, as we shall explain presently,
We may here say, that as the solar day is longer than the
sidereal one, the stars by which the latter is measured
gain upon the solar day at the rate we have seen ; so that,
as seen at the same hour on successive nights, the whole
celestial vault advances to the westward, the change due
to one month’s apparent yearly motion being equal to
that brought about in two hours by the apparent daily
motion.

348. Hence the stars south at midnight (or opposite
the Sun’s place) on any night, were south at 2A.M. a month
previously, and so on; and will be south a month hence
at 10 o’clock P.M., and so on.

849. The best way to obtain a knowledge of the various
constellations and stars is to employ a celestial globe,
We first, as seen in Arts. 337-9, place its brass meridian
in the plane of the meridian of the place in which the
globe is used, and make the axis of the globe parallel to
the axis of the Earth, and therefore of the heavens, by
elevating the north pole (in our case) until its height
above the wooden horizon is equal to the latitude of the
place. We next bring under the brazen meridian the
actual place in the heavens occupied by the Sun at the
time; this place is given for every day in the almanacs.
We thus represent exactly the position of the heavens at
mid-day, by bringing the Sun’s place to the brazen me-
ridian, and the index is then set at 12. The reason for
this is obvious ; it is always 12, or noon, at a place when
the Sun is in the meridian of that place. We then., if the
time at the place is after noon, move the globe on till the
index and the time correspond ; if the time is before noon,
we move the globe back—that is, from east to west, till
the index and time correspond in like manner.
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350. When the globe has been rectified, as it is called,
in this manner, we have the constellations which are
rising on the eastern horizon, just appearing above the
eastern part of the wooden horizon. Those setting are
similarly near the western part of the wooden horizon.
The constellations in the zenith at the time will occupy
the highest part of the globe, while the constellations
actually on the meridian will be underneath the brazen
meridian of the globe.

351. Further, it is easy at once to see at what time any
stars will rise, culminate, or set, when the globe is rectified
in this manner. All that is necessary is, as before, to
bring the Sun’s place, given in the almanac, to the
meridian, and set the index to 12. To find the time at
which any star rises, we bring it to the eastern edge of
the wooden horizon, and note the time, which is the time
of rising. To find the time at which any star sets, we
bring it similarly to the western edge of the wooden
horizon and note the time, which.is the time of setting.
To find the time at which any star culminates, or passes
the meridian, we bring the star under the brass meridian
and note the time, which is the time of meridian passage.

352. In the absence of the celestial globe, some such
table as the following is necessary, in which are given the
positions occupied by the constellations at stated hours
during each month in the year. When the positions of
the constellations are thus known, some star-maps (the |
small ones published by the Society for Promoting Useful
Knowledge are amply sufficient) should be referred to, in
which various bright stars which go to form each constel- i
lation should be well studied; the constellation should
then be iooked for in the position indicated by the table, |
in the sky itself. 'When any constellation is thus recog-
nised, the star-map should again be studied, in order that |
the stars in its vicinity may next be traced. |
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358. How this difference arises is shown in Fig. 31,
in. which are scen the Sun, and the Earth in two posi-
tions in its orbit, separated by the time of a complete
rotation. In the first position of the Earth are shown one
observer, @, with the Sun on his me.ilian, and another, 4,
with a star on his: the two observers being exactly on
opposite sides of the Earth,
and in a line drawn through
the centres of the Earth and
Sun. In the second position,
when the same star comes to
&'s meridian, a sees the Sun
still to the east of his, and
he must ‘be carried by the
Earth’s rotation to ¢ before
the Sun occupies the same
apparent position in the hea-
vens it formerly did—that is,
befove the Sun is again in
his meridian. The solarday,
f therefore, will be longer than
the sidereal onc by the time
it takes « to travel this dis-
tance.

Of course, were the Earth
4ig. z1.—Diagram showing how at rest, this diffcrence could

the difference between the lengths 2 v

of the Sidereal and Meun day not have arisen,and the solar

SIS day is a result of the Earth’s
motion in its orbit, combined with its rotation.

359. Moreover, the Earth's motion in its orbit is not
uniform, as we shall see subsequently; and, as a conse-
quence, the apparent motion of the Sun is not uniform,
and solar days are not of the same length; for it is evident
that if the Earth sometimes travels faster, and therefore
further, in the interval of one rotation than it does at
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others, the observer @ has further to travel before he gets
to ¢; and as the Earth’s rotative movement is uniform, he
requires more time. Ina subsequent chapter it will be
shown how this irregularity in the apparent motion of the
Sun is obviated.

860. The apparent yearly motion of the Sun is so
important that astronomers map out the celestial sphere
by a second method, in order to indicate his motion more
easily ; for as the plane of the celestial equator, like the
plane of the terrestrial equator, does not coincide with the
plane of the ecliptic, the Sun’s distance from the celestial
equator varies every minute. To get over this difficulty,
they make of the plane of the ecliptic a sort of second
celestial equator. They apply the term celestial latitude
to angular distances from it to the poles of the heavens,
which are 9o° from it north and south. They apply
the term celestial longitude to the angular distance—
reckoned on the plane of the ecliptic—from the position
occupied by the Sun at the vernal equinox, reckoning
from left to right up to 360°. This latitude and longitude
may be either heliocentric or geocentric,—that is,
reckoned from the centre either -of the Sun or Earth
respectively.

3861. The celestial equator in this second arrangement
is represented by a circle called the zodiac, which is not
only divided, like all other circles, into degrees, &c., but
into signs of 30° each. These, with their symbels, are as
follow :—

Spring Signs. Summer Signs. Autumn Signs. Winter Signs.

T Aries. # Cancer. = Libra, ¥ Capricorn.
6 Taurus. 9 Leo. m Scorpio. . Aquarius.
I Gemini. ™ Virgo. # Sagittarius. % Pisces.

At the time these signs were adopted the Sun entered
the constellation Aries at the vernal equinox, and occupied
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in succession the constellations bearing the same names;
but at present, owing to the precession of the equinoxes,
which we shall explain subsequently, the signs no
longer correspond with the constellations, which
must therefore not be confounded with them.

362. Now it follows, that, as these two methods of di-
viding the celestial sphere, and of referring the places of
the heavenly bodies to it, are built, as it were, one on the
plane of the terrestrial equator, and the other on the
plane of the ecliptic, (1) the angle formed by the celestial
equator with the plane of the ecliptic.is the same as that
formed by the terrestrial one,—that is, 234° nearly ; and
(2) the poles of the heavens are each the same distance,
—that is, 234°, from the celestial poles.

Moreover, if we regard the centre of the celestial sphere
as lying at the centre of the Earth, it is clear that the
two planes will intersect each other at that point,and that
half of the ecliptic will be north of the celestial equator
and half below it ; and there will be two points opposite
to each other at which the ecliptic will cross the celestial
equator.

863. Now as the Sun keeps to the ecliptic, it follows
that at different parts of its path it will cross the celestial
equator, be north of it, cross it again, and be south of it,
and so on again; in other words, its latitude remaining
the same, its declination or distance from the celestial
equator will change.

364. Hence it is, that although the Sun rises and sets
every day, its daily path is sometimes high, sometimes
low. At the vernal equinox,—that is, when it occupies
one of the points in which the zodiac cuts the equator,—it
rises due east, and sets due west, like an equatorial star ;
then gradually increasing its north declination, its daily
path approaches the zenith, and its rising and setting
points advance northwards, until it occupies the part of
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the zodiac at which the planes of the ecliptic and equator
are most widely separated. Here it appears to stand
still ; we have the summer solstice (so/, the sun, and szare,
to stand), and its daily path is similar to that of a star of
233° north declination. It then descends again through
the autumnal equinox to the winter solstice, when its
apparent path is similar to that of a star of 234° south
declination, and its rising and setting points are low
down southward.

865. The use of the celestial globe is very important
in rendering easily understood many points connected
with the Sun’s apparent motion. Having rectified the
globe, as directed in Arts. 337-9 and 349, the top of the
globe will represent the zenith of London, a miniature
terrestrial globe, with its axis parallel to the celestial
one, being supposed to occupy the centre of the latter.
By bringing different parts of the ecliptic to the brass
meridian, the varying meridian height of the Sun, on
which the seasons depend (Lesson XIIIL.), is at once
shown. .

366. In addition to this, if we find from the almanac
the position of the Sun in the ecliptic on any day, and
bring it to the brass meridian, the globe represents the
positions of the Sun and stars at noonday; we may,
however, neglect the stars. The index-hand is, therefore,
set to 12. If the globe be perfectly rectified, and we turn
it westward till the Sun’s place is close to the wooden
horizon, the globe then represents sunset, and the index
will indicate the time of sunset. If, on the other hand,
we turn the Sun’s place eastward from the brass meridian
till it is close to the eastern edge of the wooden horizon,
the globe represents in this case sunrise, and the index
will indicate the time of sunrise.

367. If the path of the Sun’s place when the globe is
turned from the point occupied at sunrise to the point
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day, therefore, she will travel, supposing her motion to be
uniform, castward over the face of the sky a space of
nearly 13°, so that at the same time, night after night, she
shifts her place to this amount, and therefore rises and
sets later. Now, if the Moon’s orbit were exactly in the
plane of the ecliptic, we should not only have two eclipses
every month (as was remarked in Art. 233), but she would
appear always to follow the Sun’s beaten track. We have
seen, however, that her orbit is inclined 5° to the plane
of the ecliptic, and therefore to the Sun’s apparent path.
It follows, therefore, that when the Moon is approaching
her descending node, her path dips down (and her north
latitude decreases), and that when she is approaching
her ascending node her path dips up (and her southern
latitude decreases). Further, although the plane of her
path can never be more than 5° from the Sun’s path, she
may be much more than 5° from that of the Sun’s path,
at any one time, for she may be at the extreme south of
the ecliptic, while the Sun is at the extreme north, and
wice versd. The greatest difference between the meridian
altitudes of the Moon is twice 5°+ 234°=57°; that is
to say, she may be 5° north of a part of the ecliptic,
which is 233° north of the cquator, or she may be 5°
south of a part of the ecliptic, which is 233° south of
the equator.
371. But let us suppose the Moon to move actually in
. the ecliptic—this will make what follows easier. It is
clear that the full Moon at midnight occupies exactly the
opposite point in the ecliptic to that occupied by the Sun
at noon-day. In winter, therefore, when the Sun is lowest,
the Moon is highest; and so in winter we get more moon-
light than in summer, not only because the nights are
longer, but because the Moon, like the Sun in summer,
~ is apparently best situated for lighting up the northcrn
hemisphere.

R
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mark what happens if she be near a node, 7. in Aries
or Libra. In Aries the ecliptic crosses the equator to
the north; in Libra the crossing is to the south. In
Fig. 32 the line HO represents the horizon, looking east ;
EQ the equator, which in England is inclined about 38°
to the horizon. The dotted line EC represents the di-
rection of the ecliptic when the sign Libra is on the
horizon ; and the dotted line E’C’ the direction of the
ecliptic when the sign Aries is on the horizon.

873. Now, as the Moon appears to rise because our
horizon is carried down towards it, it follows that when the
Moon occupies the three successive positions shown on
the line E'C’ she will rise nearly at the same time on
successive evenings, because, as her path is but little in-
clined to the horizon, she therefore seems to travel nearly
along the horizon; whereas, in the case of the line
EC, her path is more inclined to the horizon than the
equator itself. This, of course, happens every month, as
the Moon courses the whole length of the ecliptic in that
time ; but when the /#// Moon happens at this node, as it
does once a year, the difference comes out very strongly,
and this Full Moon is called the harvest moon, as it is
the one which falls always within a fortnight of Sept. 23,
the time of harvest.

374. The planets, when they are visible, appear as
stars, and, like the stars, they rise and set by virtue of
the Earth’s rotation. Their apparent motions among the
stars caused by the Earth’s revolution round the Sun,
combined with their own actual movements, therefore
need only occupy our attention.

375. Let us glance at Plate V., and suppose that all
the planets there shown—the Earth among them—are
revolving round the Sun at different rates of speed, as is
actually the fact ; it will be at once clear that the distances



174 ASTRONOMY.

of the planets from each other and from the Earth are
perpetually varying ; the distances of all from the Sun,
however, remaining within the limits defined by the
degree of ellipticity of their orbits.

376. At some point of the Earth’s path she will have
each planet by turns on the same side of the Sun as her-
self, and on the opposite side; it is evident therefore that
the extreme distances will vary in each case by the dia-
meter of the Earth’s orbit,—that is, roughly, by 182,000,000
miles. But this is not all; as the orbits are elliptical,
when the Earth and any one planet are near cach other,
the distance will not always be the same; for as these
approaches occur in different parts of the orbit, at one
time we may have both the Earth and planet at their
perihelion or aphelion points, or one may be in perihelion
and the other in aphelion. The same when the Earth
and any planet are on opposite sides of the Sun. This
will be exemplified presently.

377. The following table shows the average least and
greatest distances of each planet from the Earth, not
taking into consideration the variation due to the ellip-
ticity of the orbits :—

Least Distances. Greatest Distances.
Miles, Miles.
Mercury. . . 56,038,000 . . . 126,823,000
Venus .. .. 25,200,000 . 0 o S 621000
Mars .. . .. 47,882,000 5. . L /230 742;008
Jupiter . . . 384,263,000 . . . 567,123,000
Saturn. . . 7.80,7OMIGOAIS TS 963,565,000
Uranus . . 1,662,421;000 . . 1,845,281,000
Neptune . 2,654,841,000 . . 2,837,701,000

The first volumn, in fact, is the difference
between the distances of any one planet and
the Earth from the Sun, and the second column
is their sum. To this change of distance is to be
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ascribed the change of brilliancy of the various: planets,
due to their varying apparent sizes, as of course they
appear larger when they are near us than they do when
they are on the other side of the Sun; and also their
phases, which, in the case of the planets whose orbits lie
between us and the Sun, are similar to those of the Moon,
and for a like reason. The difference of size will of
course depend upon the difference of distance, and the
difference of distance will be greatest for those planets
whose orbits lie nearest that of the Earth, as shown in the
table. Thus Venus when nearest the Earth appears six
times larger than when it is furthest away, because it is
really six times nearer to us; Mars in' like manner ap-
pears five times larger; while in the case of Uranus and
Neptune, as the diameter of the Earth’s orbit is small
compared with their distance from the Sun, their apparent
sizes are hardly affected.

In the case of the planets which lie between us and the
Sun, phases similar to those of the Moon are seen from
the Earth, because sometimes the planet is between us
and the Sun, similarly to what happens at New Moon ;
sometimes the Sun is between us and the planet, and con-
sequently we see the lit-up hemisphere. At other times,
as shown in Fig. 33, the Sun is to the right or left of the
planet as- seen from the Earth; and we see a part of
both the lit-up and dark portions. Among the superior
planets, Mars is the only one which exhibits a marked
phase, which resembles that of the gibbous Moon.

378. To distinguish the planets which travel round
the Sun within the Earth’s orbit, from those which lie
beyond us, the former, z.¢. Mercury and Venus, are termed
inferior planets; and the latter, Ze. Mars, Jupiter, Saturn,
Uranus ahd Neptune, are termed superior planets.
When an inferior planet is in a line between the Earth
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the Sun : when it is in the same line, but beyond the Sun,
it is said to be in superior conjunction. When a superior
planet is on the opposite side of the Sun,—that is, when
the Sun is between us and it,—we say it is in conjunction;
when in the same straight line, but with the Earth in the
middle, we say it is in opposition, because it is then in
the part of the heavens opposite to the Sun.

LESSON XXXI.—APPARENT MOTIONS OF THE PLANETS
(continued). ELONGATIONS AND STATIONARY POINTS.
SyNoDIC PERIOD, AND PERIODIC TIME.

379. If an observer could watch the motions of the
planets from the Sun, he would see them all equally pursue
their beaten tracks, always in the same direction, with
different velocities, but with an almost even rate of speed
in the case of each. Our Earth, however, is not only a
moveable observatory, the motion of which complicates
the apparent movements of the planets in an extraordi-
nary degree, but from its position in the system all the
planets are not seen with equal ease. In the first place,
it is evident that only the superior planets are ever visible
at midnight, as they alone can ever occupy the region
opposite to the Sun’s place at the time, which is the
region of the heavens brought round to us at midnight
by the Earth’s rotation. Secondly, it is evident not
only that the inferior planets are always apparently near
the Sun, but that when nearest to us their dark sides are
turned towards us,as theyare then between us and the Sun,
and the Sun is shining on the side turned away from us.

380. The greatest angular distance, in fact, of Mercury
and Venus from the Sun, either to the east (left) or west
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(right) of it, called the eastern and western elongatinns,
is 29° and 47° respectively. As a consequence, our only
chance of seeing these planets is either in the day-time
(generally with the aid of a good telescope), or just before
sunrise at a western elongation, or after sunset at an
eastern elongation. When Venus is visible in these
positions, she is called the morning star and evening
star respectively.

881. In Fig. 33 are shown a planet which we will first
take to represent the Earth in its orbit, and an inferior
planet at its conjunctions and elongations, In the first
place it is obvious that, as stated in Art. 377, such a
planet must exhibit phases exactly as the Moon does,
“and for the same reason; and secondly, that the rate and
direction, as seen from the Earth, which for the sake of
simplicity we will suppose to remain at rest, will both
vary. At superior conjunction the planet will appear to
progress in the true or direct direction pointed out by
the outside arrow, but when it arrives at its eastern
elongation it will appear to be stationary, because it is
then for a short time travelling exactly towards the Earth.
From this point, instead of journeying from right to left,
as at superior conjunction, it will appear to us to travel
from left to right, or retrograde, until it reaches the
point of westerly elongation, when for a short time it
will travel exactly from the Earth, and again appear
stationary, after which it recovers its direct motion.

The only difference made by the Earth’s own move-
ments in this case is, that as its motion is in the same
direction as that of the inferior planct, the times between
two successive conjunctions or elongations will be longer
than if the Earth were at rest.

882. As seen from the Earth, the superior planets
appear to reach stationary points in the same manner,
but for a different reason. At the moment a superior

N
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—in fact, until its position is near that occupied by the
Sun in mid-winter.

393. The apparent path of a planet, then, is moulded,
as it were, by the motions of the Earth and the inclina-
tion of its own orbit. If we examine into the position of
the orbit of Mars, for instance, more closely than we
have hitherto done, we shall see how the ellipticity of the
orbit and its inclination affect our observations of the
physical features. Fig. 36 shows the exact positions in
space of the orbits of the Earth and Mars, and the amount
and direction of the inclination of their axes, and the line
of Mars’ nodes: both planets are represented in the
positions they occupy at the winter solstice of the northern
hemisphere. The lines joining the two orbits indicate
the positions occupied by both planets at successive oppo-
sitions of Mars, at which times, of course, Mars, the Earth,
and the Sun are in the same straight line (leaving the
inclination of Mars’ orbit out of the question).

394. [t is seen at a glance that.at the oppositions of
1830 and 1860 the two planets were much nearer together
than in 1867, or than they will be in 1869.

The figure also enables us to understand that in the
case of an inferior planet, if we suppose the perihelion
of the Earth to coincide in direction, or, as astronomers
put it, to be in the same heliocentric longitude as the
aphelion of the planet, it will be obvious that the con-
junctions which happen in this part of the orbits of both
will bring the bodies nearer together than will the con-
junctions which happen elsewhere. Similarly,if we suppose
the aphelion of the Earth to coincide with the perihelion
of a superior planet, as in the case of Mars, it will be
obvious that the opposition which happens in that part
of the orbit will be the most favourable for observation,
The Earth's orbit, however, is’ practically so’ nearly
circular that the variation depends more upon the eccen-
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the ancient Britons among them. In its simplest form
it resembled the hour-glass, water being used instead of
sand, and the flow of time being measured by the flow
of the water. After the time of Archimedes, clepsydree of
the most elaborate construction were common ; but while
they were in use, the days, both winter and summer, were
divided into twelve hours from sunrise to sunset, and
consequently the hours in winter were shorter than the
hours in summer ; the clepsydra, therefore, was almost
useless except for measuring intervals of time, unless dif-
ferent ones were employed at different seasons of the year.

399. The sun-dial also is of great antiquity; it is re-
ferred to as in use among the Jews 742 B.C. This was a
great improvement upon the clepsydrae ; but at night and
in cloudy weather it could not be used of course, and the
rising, culmination, and setting of the various constella-
tions were the only means available for roughly telling
the time during the night. Indeed, Euripides, who lived
480-407 B.C., makes the Chorus in one of his tragedies
ask the time in this form :—

¢“What is the star now passing?”

and the answer is—

“‘ The Pleiades show themselves in the East;
The Eagle soars in the summit of heaven.”
It is also on record that as late as A.D. 1108 the sacristan
of the Abbey of Cluny consulted the stars when he wished
to know if the time had arrived to summon the monks to
their midnight prayers ; and in other cases, a monk re-
mained awake, and to measure the lapse of time repeated
certain psalms, experience having taught him in the day,
by the aid of the sun-dial, how many psalms could be
said in an hour. When the proper number of psalms had
been said, the morks were awakened.*
* Arago.






MEASUREMENT OF TIME. 193

the sun is south at noon, the shadow of the axis will be
thrown on this line, which we may mark X1I.; when the
sun has advanced one hour to the west, the shadow will
be thrown on to the next line to the east, which we may
mark I.,and so on.

401. The distance of the sun above the equator will
evidently make no difference in the lateral direction of the
shadow.

402. In practice, however, we do not want such a
cylinder ; all we want is a projection called a style,
parallel to the earth’s axis, like the axis of the cylinder,
and a aial. The dial may be upright or horizontal, or
inclined in any way so as to receive the shadow of the
style, but the lines on it indicating the hours will always
be determined by imagining such a cylinder, slicing it
down parallel to the plane of the dial, and then joining
the hour-lines on its surface with the style where it meets
the dial. We shall return to the sun-dial after we have
said something about clocks and watches.

403. The principle of both clocks and watches is
that a number of wheels, locked together by cogs, are
forced to turn round, and are prevented doing so too
quickly. The force which gives the motion may be either
a weight or a spring: the force which arrests the too
rapid motion may either proceed from a pendulum, which
at every swing locks the wheels, or from some equivalent
arrangement.

404. The invention of clocks is variously ascribed to the
sixth and ninth centuries. The first clock in England was
made about 1288, and was erected in Old Palace Yard.
Tycho Brahe used a clock, the motion of which was
retarded or regulated by means of an alternating balance
formed by suspending two weights on a horizontal bar,
- the movement being made faster or slower by altering the
distances of the weights from the middle of the bar. But

(6]
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the Clock, as an accurate measurer of time, dates from the
time of Galileo (1639) and Huyghens (1656).

405. In both clocks and watches we mark the flow
of time by seconds, such that sixty of them make a minute,
sixty of which make an hour, twenty-four of which make
a day. Those people who are not astronomers are quite
satisfied with this, and a day is a word with a certain mean-
ing. The astronomer, however, is compelled to qualify it—
to put some other word before it—or it means very little to
him, because, as we have seen (Art. 358), the term day may
mean either the return of a particular meridian to the same
star again or to the sun again. The term, as it is com-
monly used, means neither the one nor the other, because
long ago, when it was found that in consequence of the
motion of the earth not being uniform in its orbit round
the sun (Art. 359), the days, as measured by the sun, were
not equal in length, astronomers suggested, with a view of
establishing a convenient and uniform measure of time
for civil purposes, that a day should:be the average of all
the days in the year. So that our common day is not
measured by the frwe sun, as a sun-dial measures it, but
by what is called the mean (or average) sun.

406. For a long time after clocks and watches were
made with considerable accuracy, it was attempted to
make them keep time with the sun-dial, and for this
purpose they were regulated once a day, or once a week,
ignorant people taxing the maker with having supplied
an imperfect instrument, as it would not keep time with
the sun. “

407. Let us inquire into the motion of the imaginary
mean sun, by means of which the irregularities of the sun’s
apparent daily motion, and the unequal hours we get as a
consequence from sun-dials, are obviated.

408. In the first place, the real sun’s motion is in the
ecliptic, and is variable. Secondly, the sun crosses the
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equator, at other times (at the equinoxes) it cuts the
equator at an angle of 233°; and when its motion is re-
ferred to the equator, time is lost. This will be rendered
evident if on a celestial globe we place wafers, equally
distant from the first point of Aries, both on the equator
and the ecliptic, and bring them to the brass meridian.
412. We have, then, the mean sun, not sup-
posed to move along the ecliptic at all, but
along the equator, at an uniform rate of o° 59’ 8”'3

a day (= ;—g‘%; days)’ and started, so to speak, from the

first point of Aries, where the ecliptic and equator cut
each other, and at such a rate that, supposing the true sun
to move along the ecliptic at an uniform rate, the positions
of the true sun referred to the equator will correspond
with the mean sun at the two solstices and the two
equinoxes.

413. If the motion of the true sun were uniform, a
correct clock would correspond with a correct
sun-dial at these periods; between these periods they
would indicate different times, as the true sun would lose
time in climbing the heavens at its start from the point
of intersection in Aries, and so on.

414. But we know the motion of the true sun is not
uniform ; it moves fastest when the earth is
in perihelion, slowest when the earth is in
aphelion; and if we also take this irregular motion
into account, we find that the motion of the real sun in
the ecliptic is nearly equal to the motion of the mean
sun in the equator four times a year, namely,—

April 15th. Aug. 31st.
June 15th. Dec. 24th.

415. At these dates we shall find the sun-dial and
clock corresponding, but at the following dates we shall
find differences as follows :—
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which are the differences in time between the true and
mean sun. Hence it is that in the almanacs we find what
1s termed the equation of time given, which is the time we
must add to or subtract from the time shown by a sun-
dial, to make the dial correspond with a good clock. For
instance, at the period of the year at which the mean
sun is before the true sun, the clock will be before the
dial, and we must add the equation of time to the time
shown by the true sun.

416. When the earth is in perihelion, or—what comes
to the same thing—when the sun is in perigee, the real
sun moves fastest, and therefore will gain on the mean sun,
and the dial will be before the clock. When
the sun is in apogee, the mean sun will move fastest, and
the clock will be before the dial. The equation
of time will therefore be additive or subtractive, or, as it
is expressed, 4+ or — with regard to the time shown by
the true sun, or to apparent time.

417. So, to refer back to Art. 415, in November we must
deduct 163 m. from the apparent time, and in February we
must add 143m. to apparent time, to get clock time. In
November, therefore, the true sun sets 16m. earlier than
it would do if it occupied the position of the mean sun, by
which our clocks are regulated. In February it sets 15m.
later, and this is why the evenings begin to lengthen after
Christmas more rapidly than they would otherwise do.

418. We cannot obtain mean time at onte from obser-
vation ; but, from an observation of the true sun with the
aid of the equation of time, which is the angular distance
in time betwcen the mean and the true sun, we may
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readily deduce 1t. Suppose the true sun to be observed
on the meridian of Greenwich, Jan. 1, 1868 : it would then
.be apparent noon at that ineridian ; the equation of time
at this instant is jm. 36'63s. as given in the almanacs,
and zs 2o be added ‘to apparent time; hénce the corre-
sponding mean time is Jan. 1, oh. 3m. 36'63s.; that is
to say, the mean sun had passed the meridian previously
to the true sun, and at the instant’of observation the
mean time clock ought to indicate this time.

LESsON XXXIV.—DIFFERENCE OF TIME. How DE-

. TERMINED ON THE TERRESTRIAL GLOBE. GREEN-
WICH MEAN TIME. LENGTH OF THE VARIOUS DAYS.
SIDEREAL TIME. CONVERSION OF TIME.

419. Having said so much of solar days, both apparent
and mean, we must next consider the start-points of
these reckonings. We have—I. the apparent solar day,
reckoned from the instant the true sun crosses the meri-
dian through 24 hours, till it crosses it again; II. the
mean solar day, reckoned by the mean sun in the same
manner, Both these days are used by astronomers.
I11. The civil day commences from the preceding mid-
night, is reckoned through 12 mean hours only to noon,
and then recommences, and is reckoned through another
12 hours to the next midnight. The civil reckoning is
therefore always 12 hours in advance of the astronomical
reckoning ; hence the well known rule for determining the
latter from the former, viz.:— For P.M. civil times, make no
change ; but for A.M. ones, diminish the day of the month
by 1 and add 12 to the hours. Thus: Jan. 2, 7h. 4gm,
P.M. civil time, is Jan. 2, 7h. 49m. astronomical time ;
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but January 2, 7h. 49m. A.M. civil time is January 1,
19h. 49m. astronomical time.

420. Now the position of the sun, as referred to the
centre of the earth, is independent of meridians,and is the
same for all places at the same absolute instant ; but the
time 4t which it transits the meridian of Greenwich, and
any other meridian, will be different. Ina mean solar day,
or 24 mean solar hours, the earth, by its rotation from
west to east, has caused every meridian in succession from
east to west to pass the mean sun; and since the motion
is uniform, all the meridians distant from each other 15°
will have passed the mean sun, at intervals of one mean
hour ; the meridian to the eastward passing first, or being,
as compared with the sun, always one mean hour in
advance of the westerly meridian. When it is 6 hours
after mean noon at a place 15° west of Greenwich, it is
therefore 7 hours after mean noon at Greenwich. When
it is noon at Greenwich, it is past noon at Paris, because
the sun has apparently passed over the meridian of Paris
before it reached the meridian of Greenwich. Similarly,
it is not yet noon at Bristol, for the sun has not yet reached
the meridian of Bristol.

421. In civilized countries, at the present moment, not
only is the use of mean time universal, but the mean
time of the principal city or observatory is
alone used. In England, far instance, Greenwich
mean time (written G.M.T. for short) is used : in France,
Paris mean time; in Switzerland, Berne mean time, and
so on. This has become neccssary owing, among other
things, to the introduction of railways, so that with us
Greenwich mean time is often called railway time. For-
merly, before local time was quite given up, the churches
in the West of England had two minute-hands, one show-
ing local time, the other Greenwich time.

422, On the Continent, railway-stations near the
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frontier of two states have their time regulated by their
principal Observatories. At Geneva, for instance, we see
two clocks, one showing Paris time, and the other Berne
time ; and it is very necessary to know whether the time
at which any particular train we may wish to travel in
starts, is regulated by Paris or Berne time, as there is a
considerable difference between them.

423. Expressed in mean time, the length of the day is
as follows :— »

Apparent solar day (Art. 419) . . . variable.

h. m s

Mean solar day (Art.419) . . . . 24 0o o
Sidereal day'(Art.358) . . . . . 2356 409
Mean lunaveday: & 4oSa oo ol st 20500

424. It will be explained further on (Chap. VII.) that
sidereal time is reckoned from the first point of Aries, and
that when the mean sun occupies the first point of Aries,
which it does at the vernal equinox, the indications of the
mean-time clock and the sidereal clock will be the same;
but this happens at no other time, as the sidereal day is
but 23h. 56 m. 4s. (mean time) long, so that the sidereal
clock loses about four minutes a day, or one day a year
(of course the coincidence is established again at the next
vernal equinox), as compared with the mean time one.

425. A sidereal clock represents the rotation of the
earth on its axis, as referred to the stars, its hour-hand
performing a complete revolution through the 24 sidereal
hours between the departure of any meridian from a
star and its next return to it; at the moment that the
vernal equinox, or a star whose right ascension is
oh. om. os is on the meridian of Greenwich, the sidereal
clock ought to show oh. om. os,, and at the succeeding
return of the star, or the equinox, to the same meridian,
the clock ought to indicate the same time.
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440. It is seen from this table that the solar year does
not contain an exact number of solar days, but that in
each year there is nearly a quarter of aday over. It is said
that the inhabitants of ancient Thebes were the first to
discover this. The calendar had got in such a state of
confusion in the time of Julius Caesar, that he called in
the aid of the Egyptian astronomer Sosigenes to reform

_it. Herecommended that one day, every four years, should
be added by reckoning the sixth day before the kalends
of March twice ; hence the term bissextile.

441. With us, in every fourth year one additional day
is given to February. Now this arrangement was a very
admirable one, but it is clear that the year was over-
corrected. Too much was added, and the matter was again
looked into in the sixteenth century, by which time the over-
correction had amounted to more than ten days, the vernal
equinox falling on March 11, instead of March 21. Pope
Gregory, therefore, undertook to continue the good work
begun by Julius Caesar, and made the following rule for
the future :—Every year divisible by 4 to be a bissextile,
or leap-year, containing 366 days; every year not so
divisible to consist of only 365 days; every secular year
(1800, 1900, &c.) divisible by 400 to be a bissextile, or
leap-year, containing 366 days ; every secular year not so
divisible to consist of 365 days.

442. The period by which the addition of one day in
four years exceeds the proper correction amounts to
nearly three days in 400 years ; by the new arrangement
there are only 97 intercalations in 400 years, instead
of 100. This brings matters within 22°38s. in that period,
which amounts to 1 day in 3866 years.

443. The Julian calendar was introduced in the year
44B.C.; the reformed Gregorian one in 1582. It was not
introduced into this country till 1752, in consequence of
religious prejudices. With us the correction was made



206 ASTRONOMY.

by calling the day after Sept. 3, 1752, Sept. 14. This was
called the new style (N.S.), as opposed to the old style
(0.s.). In Russia the old style is still retained, although
it is customary to give both dates, thus: 1868 JI%?

444. Itisimpossible to overrate the importance of these
various improvements devised for a better knowledge of
the length of the tropical or solar year: if the calendar
were not exactly adjusted to it, the seasons would not
commence on the same day of the same month as they
do now, but would in course of time make the com-
plete circuit of all the days in the year ; January, or any
other month, might fall either in spring, summer, autumn,
or winter.

445. At present, owing to a change of form in the
Earth’s orbit (Chap. IX.), the tropical year diminishes in
length at the rate of {§ths of a second in a century, and it
is shorter now than it was in the time of Hipparchus by
about 12 seconds.*

446. If the tropical and the anomalistic year were of
equal lengths, it would follow that, as the seasons are
regulated by the former, they would always occur in the
same part of the Earth’s orbit. As it is, however, the line
joining the aphelion and perihelion points, termed the
line of apsides, slowly changes its direction at such a
rate that in a period of 21,000 years it makes a complete
revolution. We have seen before (Art. 167) that at
present we are nearest to the sun about Christmas time.
In A.D. 6485 the perihelion point will correspond to the
vernal equinox.

447. As the length of the seasons, compared with
each other, depends upon the elliptical shape of the Earth’s
orbit, it follows that variations in the relative lengths will
arise, from the variation in the position of its largest

diameter.
% Hind.
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case ; and unless we could get rid of it, it would be impos-
sible to make a large telescope worth using. It has been
found possible however to get rid of it, by using two
lenses of different shapes, and made of different kinds of
glass, and combining them together, so making a com-
bination called an achromatic, or colourless, lens.

465. This is rendered possible by the varying disper-
sive powers (Art. 455) of different bodies. If we take two
exactly similar prisms made of the same material, and
place one on its side and the other behind it on one of
its angles, the beam of light will be unaffected : one prism;
will exactly undo the work done by the other, and the ray
will neither be refracted nor dispersed ; but if we take
away the second prism and replace it by one made of a,
substance having a higher dispersive power, we shall of
course be able to undo the dispersive work done by the
first prism with a smaller thickness of the second.

But this smaller thickness will not undo all the refrac-
tive work of the first prism .

Therefore the beam will leave the second prism colour-
less, but refracted ; and this is exactly what is wanted;
the chromatic aberration is corrected, but the com-
pound prism can still refract, or bend the light out of its
course.

466. An achromatic lens is made in the same way as
an achromatic prism. The dispersive powers of flint and
crown glass are as ‘052 to '033. The front or convex lens
is made of crown glass. The chromatic aberration of
this is corrected by another bi-concave lens placed behind
it of flint glass. The second lens is not so concave as the
first is convex, so the action of the first lens is predomi-
nant as far as refraction goes ; but as the second lens acts
more energetically as regards dispersion, although it can-
not make the ray parallel to its original direction, it can
make il colourless, or nearly so. If such an achromatic
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the beam of rays from which is seen falling on the object-
glass from the left. This beam is refracted, and we get an
inverted image at the focus of the object-glass, which is
also the focus of the eye-lens. Now, the rays leave the
eye-piece adapted for vision as they fall on the object-
glass, so the eye can use them as it could have used them
if no telescope had been there.

469. What then has the telescope done? What is its
power? This question we will soon answer ; and, first,
as to what is called its illuminating power. The aperture
of the object-glass, that is to say, its diameter, being larger
than that of the pupil of our eye, its surface can collect more
rays than our pupil ; if this surface be a thousand times
greater than that of our pupil, for instance, 7¢ collects a
thousand times more light, and consequently the image
of a star formed at its focus has a thousand times more
light than the image thrown by the lens of our eye on
our retina. ;

But this is not quite true, because light is lost by
reflexion from the object-glass and by its passage through
it. If, then, we have two object-glasses of the same size,
one highly polished and the other less so, the illuminating
power of the former will be the greater.

470. The magnifying power depends upon two things.
First, it depends upon the focal length ; because if we sup-
pose the focus to lie in the circumference of a circle having
its centre in the centre of the lens, the image will always
bear the same proportion to the circle. Suppose it covers
1°; it is evident that it will be larger in a circle of 12 feet
radius than in one of 12 inches. That is, it will be larger
in the case of a lens with 12 feet focal length than in one
of 12 inches’ focal length.

471. Having this image at the focus, the magnifying
power of the egye-piece comes into play. This varies with
the eye-piece employed, the ratio of the focal length of
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the object-glass to that of the eye-piece giving its exact
amount ; that is to say, if the focus of the object-glass is
100 inches, and that of the eye-piece one inch, the tele-
scope: will magnify 100 times. Bearing in mind that
what an astronomer wants is a good clear image of the
object observed, we shall at once recognise that magnify-
ing power depends upon the perfection of the image
thrown by the object-glass and upon the illuminating
power, of which we have already spoken. If the object-
glass does not perform its part properly, a slight magni-
fication blurs the image, and the telescope is useless.
Hence many large telescopes are inferior to much smaller
ones in the matter of magnifying power, although their
illuminating power is so much greater.

472. The eye-pieces used with the astronomical tele-
scope vary in form. The telescope made by Galileo,
similar in construction to the modern opera glass, was
furnished with a bi-concave eye-piece. As the action of the
eye-piece is to render the rays parallel, this eye-piece is
used between the object-glass and the focus, at a point
where its divergent action (Art. 462) corrects the conver-
gent action of the object-glass.

A convex eye-piece for the same reason is placed outside
the focus, as shown in Fig. 48.

Such eye-pieces, however, colour the light coming from
the image in the same way as the object-glass would
colour the light going to form the image, if its chromatic
aberration were not corrected.

473. It was discovered by Huyghens, however, that this
defect might be obviated in the case of the eye-piece by
employing two plano-convex lenses, the flat sides next the
eye, a larger one nearest the image, called the field-lens,
and a smaller one near the eye, called the eye-lens. This
construction is generally used, except for micrometers
(Art. 519), 2 name given to an eye-piece with spider-webs
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in the focus of the eye-piece for measuring the sizes of the
different objects. In this case the flat sides are turned
away from the eye.

474. The telescope-tube keeps the object-glass and
the eye-piece in their proper positions, and the eye-piece
is- furnished with a draw-tube, which allows its distance
from the object-glass to be varied.

LESSON XXXVIII. — THE TELESCOPE (continued).
POWERS OF TELESCOPES OF DIFFERENT APERTURES.
LARGE TELESCOPES. METHODS OF MOUNTING THE
EQUATORIAL TELESCOPE. '

475. Very many of the phenomena of the heavens may
be seen with a small telescope. In our climate a telescope
with an object-glass of six inches’ aperture is probably
the size which will be found the most constantly useful ;
a larger aperture being frequently not only useless, but
hurtful.  Still, 4% or 3% inches are useful apertures, and if
furnished with object-glasses, made of course by the des¢
makers, views of the sun, moon, planets, and double stars
may be obtained sufficiently striking to set many seriously
to work as amateur observers.

Thus, in the matter of double stars, a telescope of two
inches’ aperture, with powers varying from 60 to 100, will
show the following stars double : —

Polaris. g Arietis. a Geminorum.
a Piscium. ¢ Herculis. v Leonis.
p Draconis. ¢ Urse Majoris. ¢ Cassiopea.
A 4-inch aperture, powers 80-120, reveals the duplicity
of —8 Orionis. a Lyre. 8 Geminorum.
¢ Hydre. £ Urse Majoris. o Cassiopez.

¢ Bodtis. v Ceti. ¢ Draconis.
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'And a 6-inch, powers 240-300—

€ Arietis. A Ophiuchi. e Equulei.
8 Cygni. 20 Draconis. ¢ Herculis.
32 Orionis. x Geminorum.

476. Observations should always be commenced with
the lowest power, or eye-piece, gradually increasing it until
the limit of the aperture, or of the atmospheric condition
at the time, is reached : the former being taken as equal
to the number of hundredths of inches which the diameter
of the object-glass contains. Thus, 33-inch object-glass,
if really good, should bear a power of 375 on double stars
where light is no object ; the planets, the moon, &c. will
be best observed with a much lower power.

477. In the case of stars, owing to their immense dis-
tance, no increase in their size follows the application
of higher magnifiers. With planets this is different, each
increase of power increases the size of the image, and
therefore decreases its brilliancy, as the light is spread
over a larger area. Hence the magnifying power of a
good telescope is always much higher for stars than for
planets, although at the best it is always limited by the
state of the air at the timz of observation.

478. It is alwaysmore or less dangerous to look at the
Sun directly with a telescope of any aperture above two
inches, as the dark glasses, without which the observer
would be at once blinded, are apt to melt and crack.

A diagonal reflector, however, which reflects an ex-
tremely small percentage of light to the eye,and by reason
of its prismatic form refracts the rest away from the tele-
scope, affords a very handy method of solar observation.

Care should be taken that the object-glass is properly
adjusted. This may be done by observing the image of a
large star out of focus. If the light be not equally dis-
tributed over the image, or the circles of light which are
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always seen in a good telescope are not perfectly circular,
the telescope should be sent back to the optician for
adjustment.

479. The testing of a good glass refers to two different
qualities which it should possess. Its quality, as to
material and the fineness of its polish, should be such
that the maximum of light shall be transmitted. Its
quality as to the curves should be such that the rays
passing through every part of its area shall converge abso-
lutely to the same point, with a chromatic aberration
sufficient to surround objects with a faint dark blue
light. :

480. To give an idea of the great accuracy with which
a fine object-glass refracts the light transmitted, we will
take for example an object-glass of 8 inches’ aperture and
10 feet focal length, which, if a fine one, will separate the
components of y* Andromeda®, whose angular distance is
about half a second— that is, it will depict at its focus two
minute discs of light fairly separated, the distance of
whose centres, as above stated, is half a second. To come
at the value of this half-second, as measured on a scale of
inches and parts, we must consider the centre of the
object-glass to be the centre of a circle, whose radius is
the focal length of the object-glass. The focal value of a
degree of such a circle is 2°0944, or nearly 2y} inches ; of
a minute, ‘0349 of an inch ; of a second, ‘0005818, or x5
of an inch nearly ; of half a second, ‘0002909 inch, which
is little more than the fourth part of the one-thousandth
of an inch. Light from a fixed star passing through four
refracting surfaces, and half an inch or more in thickness of
glass, and filling 50 square inches of surface, and travelling
120 inches down the tube, is so accurately concentrated
at the focal point as to all pass through the smallest hole
that could be made with the most delicate needle-point
through a piece of fine paper. This requires a degree of
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accuracy in the figuring and polishing of the material of
the lenses almost inconceivable.

481. We have so far confined our attention to the
principles of the ordinary astronomical telescope, and we
have dealt with it in its simplest form. There are other
kinds; the construction of some of which depends upon
reflection; that is to say, the light is reflected by a concave
mirror instead of being refracted by a lens ; but we need
not dwell upon them. Let us next inquire what the very
largest telescope really can do. The largest refractor—
as the refracting telescopes are called—in the world has
just been completed by Messrs. Cooke and Sons, English
opticians of great eminence. The object-glass is 25 inches
in diameter. Now, the pupil of our eye is }th of an inch
in diameter : this object-glass, therefore, will grasp 15,000
times more light than the eye can: if used when the air
is pure, it should easily bear a power of 3,000 on the
Moon; in other words, the Moon will appear as it would
were it 3,000 times nearer to us, or at a distance of
8o miles, instead of, roughly, 240,000; measuring from the
centres of the Earth and Moon,and not from their surfaces.

The largest reflector in the world has been constructed
by the late Earl of Rosse ; its mirror, or speculum, is six
feet in diameter, and its illuminating power is such that
it enables us to see, “as clearly as the heavens shine
to us on a cloudless evening, the details of a starry uni-
verse, stretching into space five hundred times further
than those depths at which we are accustomed to gaze
almost in oppressive silence.”*

482. An astronomer wants telescopes for two kinds of
work : he wants to watch the heavenly bodies, and study
their physical constitution; and he wants to note their
actual places and relative positions; so that he mownnts
or arranges his telescope in several different ways.

* Nichol.
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then blue, indigo, and violet, and when the poker is white-
hot all the colours of the spectrum are present. If] after
this point has been reached, the substance allows of still
increased heating, it will give out with increasing in-
tensity the rays beyond the violet, until the glowing body
can rapidly act in forming -chemical combinations, a
process which requires rays of the highest refrangibility
—the so-called chemical, actinic, or ultra-violet rays.

490. We owe the discovery of the prismatic spectrum
to Sir Isaac Newton, but the beautiful colouring is but
one part of it. Dr. Wollaston in the year 1802 discovered
that there were dark lines crossing the spectrum in dif-
ferent places. These have been called Fraunhofer’s
lines, as an eminent German optician of that name after-
wards mapped the plainest of them with great care : he
also discovered that there were similar lines in the spectra
of the stars. The explanation of these dark lines we owe
to Stokes, and more particularly to Kirchhoff. The law
‘which explains them was, however, first proved by Balfour
Stewart. : :

491. We shall observe the lines best if we make our
sunbeam pass through an instrument called a spectro-
scope, in which several prisms are mounted in a most
careful manner. We find the spectrum crossed at right
angles to its length by numerous dark lines—gaps—
which we may compare to silent notes on an organ.
Now if we light a match and observe its spectrum, we
find that it is consinuous—that is, from red through the
whole gamut of colour to the visible limit of the violet:
there are no gaps, no silent notes, no dark lines, breaking
up the band.

Another experiment. Let us burn something which
does not burn white; some of the metals will answer our
purpose. We see at once by the brilliant colours that
fall upon our eye from the vivid flame that we have here
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planetary nebula in Draco. At first he suspected that
some derangement of the instrument had taken place, for
no spectrum was seen, but only a short line of light,
perpendicular to the direction of dispersion. He found
that the light of this Nebula, unlike any aother ex-
terrestrial light which had yet been subjected to prismatic
analysis, was not composed of light of different refrangi-
bilities, as in the case of the Sun and stars, and it there-
fore could not form a spectrum. A great part of the light
from this Nebula is monochromatic, and was seen in the
spectroscope as a bright line. A more careful exami-
nation showed another line, narrower and much fainter, a
little more refrangible than the brightest line, and sepa-
rated from it by a dark interval. Beyond this again, at
about three times the distance of the second line, a third
exceedingly faint line was seen.

500. The strongest line coincides in position with the
brightest of the air lines. This line is due to nitrogen,
and occurs in the solar spectrum about midway between
6 and F. The faintest of the lines of the Nebula coin-
cides with the line of hydrogen, corresponding to the line
F in the solar spectrum. The other bright line was a
little less refrangible than the strong line of barium.

501. Here, then, we have three little lines for ever
disposing of the notion that nebule may be clusters
of stars. How trumpet-tongued does such a fact speak
of the resources of modern science! That nebule are
masses of glowing gas is shown by the fact that their
light consists merely of a few bright lines.

An object-glass collects a beam of light which for ever
without such aid would have bathed the Earth invisibly
to mortal eye ; the beam is passed through a prism, and
in a moment we know that we have no longer to do
with glowing Suns enveloped in atmospheres enforcing
tribute from the rays which pass through them, but with






236 ASTRONOMY.

atmosphere, is proved by the fact, that in the spectroscope
there is no difference, except in brilliancy, between the
two ; and that the planets have atmospheres is shown in
like manner, since in their light we find the same lines as
in the solar spectrum, with the addition of other lines due
to the absorption of their atmospheres.

503. Inthe frontispiece are given a representation of the
solar spectrum, two maps of stellar spectra, the spectrum
of the nebula 37, H iv., and the double line of sodium.
The latter is given to explain the coincidences referred to
in the next article, on which our knowledge of the sub-
stances present in the atmospheres of the Sun and stars
depends. The light given out by the vapour of sodium
consists only of the double line shown in the plate. A
black double line, in exactly the same position in the
spectrum, is seen in the spectra of the Sun, Aldebaran, and
a Orionis. Similarly, were we to observe the spectrum
of the vapour of iron in the same position as the 400 or
500 bright bands visible in this case, we should see co-
incident lines in the spectrum of the Sun. The feebleness
of the light of the stars does not permit all these lines to
be observed. It is seen in the plate that one of the bright
bands in the spectrum of the nebula is coincident with one
of the lines of nitrogen, and one with the hydrogen line.

504. In the spectrum of a Orionis, among the eighty
lines observed and measured by Dr. Miller and Mr.
Huggins, no less than five cases of coincidence have
been detected ; that is to say, we have now evidence
— universally accepted in the case of the Sun —that
sodium, magnesium, calcium, iron, and bismuth are pre-
sent in the atmosphere of a Orionis.

505. The star spectroscope, Fig. 49, with which these
spectra have been observed, is attached to the eye end
of an equatorial. As the spectrum of the poin¢ which
the star forms at the focus is a /ine, the first thing done
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in the arrangement adopted is to turn this line into a
band, in order that the lines or breaks in the light may be
rendered visible.

The other parts of the arrangement are as follow :(—
A plano-convex cylindrical lens, of about fourteen inches
focal length, is placed with its axial direction at right
angles to the direction of the slit, and at such a distance
opefore the slit, within the converging pencils from the
object-glass, as to give exactly the necessary breadth to
the spectrum. Behind the slit, at a distance equal to its
focal length, is an achromatic lens of 4% inches focal
length. The dispersing portion of the apparatus consists
of two prisms of dense flint glass, each having a refracting
angle of 60°. The spectrum is viewed through a small
achromatic telescope, provided with proper adjustments,
and carried about a centre suitably adjusted to the posi-
tion-of the prisms by a fine micrometer screw. This
measures to about the sglpth part of the interval between
A and H of the solar spectrum. A small mirror attached
to the instrument receives the light, which is to be com-
pared directly with the star spectrum, and reflects it upon
a small prism placed in front of one half of the slit. This
light was usually obtained from the induction-spark taken
between electrodes of different metals, raised to incan-
descence by the passage of an induced electric current.

806. The spectroscepe represented in Plate XIII. is
a very powerful one, made by Mr. Browning for Mr.
Gassiot,and was for some time employed at the Kew Obser-
vatory for mapping the solar spectrum. The light enters
at a narrow slit in the left-hand collimater, which is fur-
nished with an object-glass at the end next the prism, to
render the rays parallel beforc they enter the prisms. In
the passage through the prisms the ray is bent into a
circle, widening out as it goes, and in consequence enters
the telescope on the right of the drawing.
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and seconds, marked (') and ("), to distinguish them from
minutes and seconds of time, marked (®) and (*).

511. That part of the circumference intercepted by
any lines drawn from it to the centre is called an are, and
the two lines which join at the centre inclose what is
called an angle, the angle in each case being measured
by the arc of the circumference of the circle intercepted.

512. The arc, and therefore the measured angle, will
contain the same number of degrees, however large or
small the circle may be—or, in other words, whatever be
the diamcter. Each degree will, of course, be larger in a
large circle than in a small one, but the number of degrees
in the whole circumference will always remain the same ;
and therefore the angle at the centre will subtend the
same number of degrees, whatever be the radius of the
circle.

513. An angle of 9o° is called a right angle, and there
are therefore four such angles at the centre of a circle.
The two lines which form a right angle are said to be at
right angles to each other. If we print a’ T, for instance,
like this' ], we get two right angles, and the upright
stroke is called a perpendicular.

514. When the opening of an angle is expressed by
the number of degrees of the arc of a circle it contains,
it is called the angular measure of the angle. Another
property of the circle is, that whatever be its size, the
diameter, and therefore the radius, always bears the same
proportion to the circumference. The circumference is a
little more than three times the diameter—more exactly
expressed in decimals, it is 3°14159 times the diameter ;
in other words—

diam. X 3'14159 = circumference ;
and therefore

circumference -~ 3°14159 = diameter.
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517. We shall return to the use of plane triangles in
astronomical methods in the next chapter. It may here be
remarked that the apparent places of the heavenly bodies
are referred to the celestial sphere by means of spherical
triangles, which are investigated by trigonometrical ratios,
in the same manner as plane triangles, and hence this
part of our subject is called Spherical Astronomy.

518. In all the instruments about to be described,
angles are measured by means of graduated arcs, or
circles attached to telescopes, the graduation being car-
ried sometimes to the hundredth part of a second of arc
by verniers or microscopes. It is of the lastimportance,
not only that the circle should be correctly graduated,
but that it should be correctly centred,—that is, that
the centre of movement should be also the centre of
graduation. To afford greater precision, spider webs, or
fine wires, are fixed in the focus of the telescope to point
out the exact centre of the field of view. An instrument
with the cross wires perfectly adjusted is said to be
correctly collimated.

519, In addition to the fixed wires, moveable ones
are sometimes employed, by which small angles may be
measured. An eye-piece so arranged is called a micro-
meter, or a micrometer eye-piece. The moveable wire
is fixed in a frame, set in motion by a screw, and the dis-
tance of this wire from the fixed central one is measured
by the number of revolutions and parts of a revolution
of this screw, cach revolution being divided into a thou-
sand parts by a small circle outside the body of the
micrometer, which indicates of when the moveable and
central wire are coincident, and at each complete revo-
lution on either side of the latter. The angular value
of each revolution is determined by allowing an equa-
torial star to traverse the distance between the wires,
and turning the time taken into angular measurement.
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Attached to the micrometer, or to the eye-piece which
carries it, is also a position-circle, divided into 360°; by
this the angle made by the line joining two stars, for
instance, with the direction of movement across the field
of view, is determined. The use of the position-circle
in double-star measurements is very important, and it is
in this way that their orbital motion has been deter-
mined. The micrometer wires, or the field of view, are
illuminated at night by means of a small lamp outside,
and a reflector inside, the telescope (see Plate XIV.).

520. If we require to measure simply the angular
distance of one celestial body from another, we employ
a sextant ; but generally speaking, what is to be deter-
mined is not merely the angular distance between two
bodies, but their apparent position either on the sphere
of observation or on the celestial sphere itself.

521. In the former case,—that is, when we wish to
determine positions on the visible portion of the sky,—we
employ what is termed an altitude and azimuth instru-
ment, or, shortly, an altazimuth; and if we know the
sidereal time, or, in other words, if we know the exact
part of the celestial sphere then on the meridian, we can
by calculation find out the right ascension and declina-
tion (Art. 328), referred to the celestial sphere, of the body
whose altitude and azimuth on the sphere of observation
we had instrumentally determined.

522. An altazimuth is an instrument with a vertical
central pillar supporting a horizonial axis. There are
two circles, one horizontal, in which is fitted a smaller
(ungraduated) circle with attached verniers fixed to the
central pillar, and revolving with it; another, vertical, at
one end of the horizontal axis, and free to move in all
vertical planes. To this latter the telescope is fixed.
When the telescope is directed to the south point, the
reading of the horizontal circle is o°; and when the
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telescope is directed to the zenith, the reading of the ver-
tical circleis o°. Consequently, if we direct the telescope to
any particular star, one circle gives the zenith distance of
the star (or its altitude) ; the other gives its azimuth. If
we fix or c/amp the telescope to the vertical circle, we can
turn the axis which carries both round, and observe all
stars having the same altitude, and the horizontal circle
will show their azimuths ; if we clamp the axis to the
horizontal circle, we can move the telescope so as to
make it travel along a vertical circle, and the circle
attached to the telescope will give us the zenith distances
of the stars (or the altitude), which, in this case, will lie in
two azimuths 180° apart. A portable altazimuth is repre-
sented in Plate XIV., the various parts of which will be
easily recognised from the foregoing description.

523. To make an observation with the altazimuth,
we must first assure ourselves that the instrument itself
is in perfect adjustment—that is, that the circles are
truly graduated and centred (Art. 518), and that there
is no error of collimation in the telescope. This done,
it must be perfectly levelled, so that the vertical circle
is in all positions truly vertical, and the horizontal circle
truly horizontal. Next, we must know the exact readings
of the verniers of the azimuth circle when the telescope
is in the meridian, and the exact readings of the verniers
of the vertical circle when the telescope points to the
zenith. This done, we may point the telescope to the
body to be observed, bring it to the cross wires visible
in the field of view, and note the exact time. The verniers
on the two circles are then read, and from the mean of
them the instrumental altitude and azimuth are deter-
mined. The observation should then be repeated with
the telescope on the opposite side of the central pillar, as
by this means some of the instrumental errors are got
rid of.
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transit circle at Greenwich Observatory, designed by the
present Astronomer Royal, Mr. Airy. It consists of two
massive stone pillars, supporting the ends of the horizontal
axis of the telescope, which rest on Ys, as shown in
the case of one of the pivots in the drawing. Attached
to the cube of the telescope (to which the two side-pieces,
the eye-piece end and object-glass end, are screwed) are
two circles. The one to the right is graduated, and is
read by microscopes pierced through the right-hand pillar;
the eye-pieces of these microscopes are visible to the right
of the drawing. The other circle is used to fix the tele-
scope, or to give it a slow motion, by means of a long
handle, which the observer holds in his hand. The eye-
piece is armed with a micrometer, with nine equidistant
vertical wires and two horizontal ones.

The wheels and counterpoises at the top of the view
are to facilitate the raising of the telescope when the
collimators, both of which are on a level with the centre
of the telescope—one to the north and one to the south
—are examined.

525. As we have already seen (Art 329),a celestial meri-
dian is nothing but theextension of a terrestrialone; and as
the latter passes through the poles of the Earth, the former
will pass through the poles of the celestial sphere : conse-
quently, in England the northern celestial pole will lie
somewhere in the plane of the meridian. If the position
of the pole were exactly marked by the pole-star, that
star would remain immoveable in the meridian; and when
a celestial body, the position of which we wished to
determine, was also in the meridian, if we adjusted the
circle so that it read 0o° when the telescope pointed to
the pole, all we should have to do to determine the north
polar distance of the body would be to point ‘the tele-
scope to it, and see the angular distance shown by the
circle,
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Greenwich, which meridian passes through all places,
whatever their latitude, north or south, which have the
same longltude as Greenwich.

So in the heavens we reckon from the position oc-
cupied by the Sun at the vernal equinox. The astronomer
not only has a telescope and a circle, but, as we have
seen (Art. 425), he has a sidereal clock, adjusted to
the apparent movement of the stars, actually to the
Earth’s rotation. On its dial are marked 24 hours.
The time shown by this clock is called sidereal, or star
time, and is so regulated that the exact interval between
two successive passages of the same star over the meri-
dian of the same place is divided into twenty-four sidereal
hours, these into sixty sidereal minutes, and so on; and
this time is reckoned, not' from any actual star, but
from the point in the heavens called “the first point
of Aries” which we have mentioned ; when that point
is on the meridian of any place the sidereal clock shows
oh. om. os., and then it goes on indicating the twenty-
four sidereal hours till the same point comes on the
meridian again.

528. Now it follows, that as right ascension and
sidereal time are both reckoned from the first point of
Artes, a sidereal clock at any place will denote the right
ascension of the celestial meridian visible in the transit
circle at that moment ; and if we at the same moment,
by means of the circle, note how far any celestial
body is from the celestial equator, we shall know both
its right ascension and -declination, and its place in
the heavens will be determined : that is to say, the Earth
itself, by its rotation, performs the most difficult part of
the task for us, and every star will in turn be brought
into the meridian of our place of obsecrvation; all we
have to do is to note its angular distance either from the
zenith or from the celestial equator, and note the sidereal
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time : one enables us to determine, or actually gives us,
its declination ; the other gives us its right ascension.

529. Of course, the method which is good for deter-
mining the exact place of a single heavenly body is good
for mapping the whole heavens, and in this manner the
position of each body has been determined, until the
whole celestial sphere has been mapped out, the right
ascension and declination of every object having been
determined.

The most important of the catalogues in which these
positions are contained is due to the German astronomer
Argelander. This catalogue contains the positions of
upwards of 324,000 stars, from N. Decl. go° to S. Decl. 2°.
Bessel also has published a catalogue of upwards of
32,000 stars. The Astronomer Royal and the British
Association have also published similar lists. There are
also catalogues dealing with double stars and variable
stars exclusively.

530. In order that the angular distance from the zenith,
and the time of meridian passage, may be correctly deter-
mined, observations of the utmost delicacy are required.

531. The circle of the Greenwich transit, for instance,
is read in six different parts of the limb at each obser-
vation by the microscopes, the eye-pieces of which are
shown in Plate XV, and the recorded zenith distance is
the mean of these readings.

The other co-ordinate,—that is, the right ascension,—
is obtained with equal care. The transit of the star is
watched over nine equidistant wires, in the micrometer
eye-piece (called in this case a transit eye-piece), the
middle one being exactly in the axis of the telescope.
The following table of some objects observed at Greenwich
on Aug. 7, 1856, will show how the observation made
at this central wire is controlled and corrected by the
observations made at the other wires on either side of itk
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Seconds of Transit over the Wires. Concluded
NAME OF tn ‘Fransit
OBJECT. over the
I, | IL [IIL | IV. | V. | VL |VIL [VII1]| IX. | Centre Wire.
s s. s. s. | s s. s. s. § [h: m, s
P | RS w. | 30| 68((4°8 220/259|297|33518. 50. 14°34
xCygni. . 1407|453/ 498[546| 3°5/ 128 175! 220|267 |19. 13. 358

x® Sagittarii | 49'3 | 52°4 | 55°5(58°4 | 4'4| 106|138 |16°7{19'7 |19. 16. 4'48
B.A.C.6666|59'9| 31| 62| 9'2| 156|218 | 24’9 |28 | 311 19 20. 1548}
& Cygni. .|550|50'4| 37| 78]16'8 252|297 |34%0/382 19.37. 16°57
c*Cygni .|578| 21| 64108194/ 27°932'3|366 409 19 37. 19°28

Neptune. .| wo | oo | woo | oo | 11°6{ 253|390} «oo | .. }23.23. 11°58

532. There are two methods of observing the time of
transit over a wire, one called the eye and ear method,
the other the galvanic method. In the former, the
observer, taking his time from the sidereal clock, which
is always close to the transit circle, listens to the beats
and estimates at what interval between each beat the
star passes behind each wire. An experienced observer
in this manner mentally divides a second of time intc
ten equal parts with no great effort.

533. In the second method a barrel covered with paper
is made to revolve at an equal rate of speed. By means
of a galvanic current, a pricker attached to the keeper of
an electro magnet is made at each beat of the sidereal
clock to make a puncture on the revolving barrel. The
pricker is carried along the barrel, so that the line of
punctures forms a spiral, the pricks being about half an
inch apart. Here then we have the flow of time fairly
recorded on the barrel. At the beginning of each minute
the clock fails to send the current, so that there is no
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confusion. What the clock does regularly at each beat
the observer does when a star crosses the wires of his
transit eye-piece. He presses a spring, and an additional
current at once makes a puncture on the barrel. The
time at which the transit of each wire has been effected
is estimated from the position the additional puncture
occupies between the punctures made by the clock at
cach second.

534. By this method, which is also termed the
chronographic method, the apparatus used being called
a chronograph, the observer is enabled to confine his
attention to the star, and after observing with the tele-
scope can at leisure make the necessary notes on the
punctured paper, which is taken off the barrel when filled,
and bound up as a permanent record.

535. With the transit circle the position of a body in
the celestial sphere can only be determined when that
object is on the meridian. The equatorial enables this to
be done, on the other hand, in every part of the sky,
though not with such extreme precision. The object is
brought to the cross wires of the micrometer eye-piece,
and the declination circle at once shows the declination
of the object. The right ascension is determined as
follows :—At the lower end of the polar axis is a circle
divided into the 24 hours of right ascension.  7%#s circle
Zs not fixed. Flush with the graduation are two verniers;
the upper one fixed to the stand, the lower one move-
able with the telescope. The fixed vernier shows the
position occupied by the telescope, and therefore by the
moveable vernier, when the telescope is exactly in the
meridian. Prior to the observation, therefore, the circle
is adjusted so that the local sidereal time, or, in other
words, the right ascension of the part of the celestial
sphere in the meridian, is brought to the fixed vernier.
The circle is then carried by the clockwork of the instru-

S
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ment, and when the cross wires of the telescope are
adjusted on the object, the moveable vernier shows its
right ascension on the same circle.

LESSON XLIII.—CORRECTIONS APPLIED TG OBSERVED
PLACES. INSTRUMENTAL AND CLOCK ERRORS.
CORRECTIONS FOR REFRACTION AND ABERRATION.
CORRECTIONS FOR PARALLAX. CORRECTIONS FOR
LUNI-SOLAR PRECESSION. CHANGE OF EQUATORIAL
INTO EcCLIPTIC CO-ORDINATES.

536. After the astronomer has made his observations
of a heavenly body—and has freed them from instru-
mental and clock errors, if his telescope is not perfectly
levelled or collimated, or his circle is not perfectly centred,
or if the clock is either fast or slow—he has obtained
what is termed the observed or apparent place. This,
however, is worth very little : he must, in order to obtain
its true place, as seen from his place of observation, apply
other corrections rendered necessary by certain properties
of light. These properties have been before referred to
in Arts. 450 and 451, and are termed the refraction and
aberration of light. Refraction causes a heavenly body
to appear higher the nearer it is to the horizon ; in the
zenith its action is 727 ; near the horizon it is very decided,
so decided that at sunset, for instance, the sun appears
above the horizon after it has actually sunk below it.

It will be seen, therefore, that refraction depends only
upon the altitude of the body on the sphere of obser-
vation.

537. The correction for refraction is applied, therefore.
by means of some such table as the following :—
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539. The aberration results from the fact that the
observer’s telescope carried round by the Eartl’s annual
motion round the Sun must always be pointed a little in
advance of the star (Art. 451), in order, as it were, to catch
the ray of light. Hence the star’s aberration place will be
different from its »eal place, and as the Earth travels round
the Sun, and the telescope is carried round with it always

t e
< ]

[74
EARTHS WAY

Fig. 54—Annual change of a Star’s position, due to Aberration : @#écd, the
Earth, in different parts of its orbit ; @’4'c'd’, the corresgondmg Aberration
p]aces of the Star, varying from 'the true place-in the direction of the
Earth’s motion at the time.

pointed ahead of the star’s place, the aberration place
revolves round the real place exactly as the Earth (if its
orbit be supposed circular) would be seen to revolve round
the Sun, as seen from the star : the aberration places of
all stars, in fact, describe circles parallel to the plane of
the Earth’s orbit—if the star lie at the pole of the ecliptic
the circle will appear as one : the aberration place of a
star in the ecliptic will oscillate backwards and forwards,
as we are in the plane of the circle; that of one in a
middle celestial latitude will appear to describe an ellipse.
The diameter of the circle, the major axis of the ellipse,
and the amount of oscillation, will all be equal ; but the
minor axes of the ellipses described by the stars in middle
latitudes will increase from the equator to the pole. The
invariable quantity is 20”4451, and is termed the constant
of aberration. It expresses, as we have seen, the relative
velocities of light and of the Earth in her orbit. It is
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by the Sun at the vernal equinox, called the first point of
Aries, written shortly, r,—is the start-point of one of the
co-ordinates. Thus:

Declination is reckoned N. or S. of the plane of the
earth’s equator.

Celestial latitude is reckoned N. or S. of the plane of
the ecliptic.

Right ascension and celestial longitude are both
reckoned from the first point of
Aries, which marks one of the
two intersections of the two funda-
mental planes.

546. Now one plane marks the plane of the Earth’s
yearly motion round the Sun, the other marks the plane of
the Earth’s daily rotation. If therefore these are change-
less, a position once determined will be determined once
for all ; but if either the plane of the Earth’s yearly
motion or the direction of the inclination of the Earth’s
axis change, then the point of intersection will vary, and
corrections will be necessary.

547. We stated in Art. 168 that, roxghly speaking, the
Earth’s axis was always pointed in the same direction, or
remained parallel to itself ; but sé&zictly speaking thisis not
the case. It is now known that the pole of the Earth is
constantly changing its position, and revolves round the
pole of the ecliptic in 24,450 years, so that the pole-star
of to-day will not be the pole-star 3,000 years hence.

548. Now a very important fact follows from this ; as
the Earth’s axis changes, the plane of the equator changes
with it, and so that each succeeding vernal equinox hap-
pens a little earlier than it otherwise would do. This
is called the precession of the equinoxes (because the
equinox seems to move backwards, or from left to right,
so as to meet the Sun earlier), or luni-solar precession.
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The result of this is, that could we see the stars behind
the Sun, we should see different ones at each successive
equinox. In the time of Hipparchus—z2,000 years ago—
the Sun at the vernal equinox was in the constellation
Aries; now-a-days it is in theconstellation Pisces (Art. 361).

549. The plane of the ecliptic is also subject to
variation. This is termed the secular variation of the
obliquity of the ecliptic.

650. Of these changes, the luni-solar precession is the
most important ; it causes the point of intersection of the
two fundamental planes to recede 50"37572 annually, the
general precession amounting to 50"21129. To this is
due the difference in length between the sidereal and
tropical years (Art. 439).

551. The cause of these changes, as will be seen in
Chap. IX., is the attraction exercised by the Sun, Moon,
and planets upon the protuberant equatorial portions
of our Earth. The effect is to render both latitudes
and longitudes, and right ascensions and declinations
variable. Hence the observed position of a heavenly
body to-day will not be the position occupied last year,
or to be occupied next year, and apparent positions have
to be corrected, to bring them to some common epoch—
such as 1800, 1850, 1880, &c., so that they may be strictly
comparable.

552. Aswas pointed out in Lesson XXIX., astronomers
not only deal with positions on the celestial sphere de-
termined by right ascension and declination, but they
require to look at it, as it were, from the ecliptic point of
view, and to know the distances of bodies from that plane,
still using the same first point of Aries, as in RA. These
co-ordinates are termed celestial latitude and longitude ;
they are not determined from observation, but are calcu-
lated from the true RA. and Decl. by means of spherical
trigonometry.
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all measurements are referred. These are got rid of
by reducing all observations to a point of time (as
parallax was got rid of by reducing them to a point
of space—the centre of the Earth). This is accom-
plished by fixing upon the position of the intersection
at a given epoch, such as 1800, 1830, &c., and re-
ducing all observations to what they would have been
had they been made at such epoch, or what they will
be when made at such epoch.

7. The right ascension and declination are then easily
converted by calculation into celestial longitude and
latitude if required.

556. By means of observations freed from all these
errors, extending over centuries, astronomers have been
able to determine the positions of all the stars, and to
map the heavens with the greatest accuracy. They have
also discovered the proper motions (Art. 43) of some
among the stars.

557. Similarly they have been able to investigate the
motions of the bodies of our system so accurately, that
they have discovered the laws of their motions. This
knowledge enables them to predict their exact positions
for many years in advance, and each of the first-rate Powers
publishes beforehand, for the use of travellers and navi-
" gators, an almanac, or ephemeris, in which are given, with
most minute accuracy, the positions of the principal
stars, the planets, and the Sun from day to day, and
the positions of the Moon from hour to hour. Such are
the English and American “Nautical Almanacs,” the
French “Connaissance des Temps,” the German “ Ber-
liner Jahrbuch.” These positions enable us to determine
I. Time. II. Latitude. III. Longitude.

558. When time only is required, a transit instrument
is employed—that is, a simple telescope mounted like the
transit circle, éuz without the circle, or with only a
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small one: the transits of stars, the right ascension of
which has been already determined with great accuracy
by transit circles, in fixed observatories, being observed.
This gives us the local sidereal time ; it may, if neces-
sary, be converted into mean solar time by the rule in
Art. 427.

559. As we have seen in a previous Lesson (XI.), all
that we require to determine our position on the Earth’s
surface is to learn the latitude and longitude. The deter-
mination of the former co-ordinate in a fixed observatory
is an easy matter, if proper instruments be at hand. - For
instance : half the sum of the altitudes (corrected for
refraction) of a circumpolar star, at upper and lower
culminations, even if its position is unknown, will give
us the elevation of the pole, and therefore the latitude
of the place. Or, if we determine the zenith distance
of a star, the declination of which has been accurately
determined, we determine the latitude. For as declina-
tion is referred to the plane of the celestial equator
prolonged to the stars, it is the exact equivalent of
terrestrial latitude. If a star of 0° declination is observed
exactly in the zenith, it is known that the position of the
observer is on the equator ; if the declination of a star in
the zenith is known to be 45° then our latitude is 45°; and
if a star of, say, N. 39° passes 10" to the north of our zenith,
then our latitude is 38° 59’ 50”, and so on.

560. To determine latitude, then, all that is required is
to know either the elevation of the pole or the zenith
pistance of a heavenly body whose declination is known.

561. On board ship, and in the case of explorers, the
problem is for the most part limited to determining the
meridian altitude of the Sun or Moon, as the sextant
only can be employed. Suppose such an observation to
give the altitude as 39° from the south point of the hori-

- zon—that is, 61° zenith distance—and that the Nautical
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Almanac gives its declination on that day as 12° south ; if
we were in lat. 12°S. the Sun should be overhead, and its
zenith distance would be #¢/; as it is 61° to the south, we
are 61° to the north of 12°S., or in N. lat. 49°. So, if we
observe the meridian altitude as 10° from the north point
of the horizon, or zenith distance 80° and the Nautical
Almanac gives the declination at the time as 20° N,
our position will be in 60° S. latitude.

562. Next, as to longitude. Longitude is in fact #me,
and difference of longitude is the difference of the times
at which the Sun crosses any two meridians, the twenty-
four hours solar mean time being distributed among the
360° of longitude, so that 1 hour =15° and so on.

563. There are several ways of determining longitude
employed in fixed observatories: the most convenient one
consists in electrically connecting the two stations, the
difference of longitude between which is being sought
and observing the transit of the same stars at each. Thus
the transits at station A are recorded on the chronograph
at stations A and B, and the transits at station B are
similarly recorded at B and A ; from both chronographs
the interval between the times of transit is accurately
recorded in sidereal time, and the mean of all the differences
converted into mean solar time gives the difference of
longitude.

564. At sea, the problem, which consists of finding the
difference between the local and Greenwich time, is solved
generally by one of three methods. The first of these is
to carry Greenwich time with the ship by means of very
accurate chronometers, and whenever the local time is
determined (which is done at noon by observing, with the
aid of a sextant, when the Sun is at the highest point of
its path,) noting the difference between the local time
and the chronometer. If, for instance, when noon is
thus determined, the chronometer shows three hours at
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small that it is reduced to a mere point, the lines joining
the two ends of it and the object will be parallel.

In Fig. 52., if the lengths of the base lines BB’ B” be
known, and the base lines subtend a measureable angle
at a, and the other angles are also known, the distance
from a to either ¢, d, ¢, f, g, or £, in the triangle represented
is easily determined. Now if @ be supposed to represent a
distant tower which a land surveyor cannot reach, but the
distance of which hc is anxious to determine, he will
measure his base line on a level field, and observe the
angles. Similarly, if @ be supposed to represent the
Moon, Mars, or Venus, under the same conditions, it is
clear that if cd, ¢f, or g/, represent two places on the
Earth some thousand miles apart, the distance between
which is accurately known, exactly the same process as
that employed by the land surveyor in the former case will
enable the astronomer to determine the distance of the
Moon, Mars, or Venus, because the Moon is always, and
the planets named sometimes, sufficiently near to operate
upon in this manner. This is called determining the
Moon’s or a planet’s parallazx.

568. If the parallax is very small, our instruments fail
us ; we cannot make the instruments large enough and
perfect enough to measure the exact angle. This happens
in the case of the Sun—that body is too far off to permit
of this mode of measuring its distance. '

569. There is this difference, however, between the
cases: in the former the land surveyor could find the
distance of the tower, if he did not know the size of the =
Earth ; but in the latter the size of the Earth must be
known to begin with, as it is impossible to measure directly
the distance of places far apart; and their real distance
can only be calculated from a knowledge of their relativé
positions on a globe the size of which is accurately
known.
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Before, therefore, astronomers could determine the dis-
tance of the nearest celestial body, the Moon, to say
nothing of the more distant ones, it was necessary that
the size of the Earth should be accurately known.

570. This has been accomplished by means of surveys,
or triangulations, of different parts of the Earth’s surface—
that of England for instance. Here for a moment we
come back to the work of ordinary surveyors. In the
first instance, a base line was measured on one of the
smoothest spots that could be found. One of those chosen
was on the sandy shore on the east side of Lough Foyle,
in Ireland : the length of this line was measured with
most consummate care by means of bars of metal, the
length of which, at a given temperature, was exactly
known, and which was, at the time of observation, cor-
rected for expansion or contraction due to variations of
temperature. The bars were not placed close together,
and the intervals between them were measured by means
of microscopes. The base line by these means was
measured to within a small fraction of an inch.

571. At the station at each end of this base line was
placed a theodolite, or azimuth instrument (Art. 521), for
determining the horizontal angles between the other station
and the prominent objects visible, such as hill-tops or
church-towers, &c.: by such means, referring back to
Fig. 52, and representing the base line on Lough Foyle
by cd, ef, or gk, and any prominent object by a, the dis-
tance from both stations was determined ; in other words,
the dimensions of each triangle were determined. Each
station, the position of which with reference to the base
line was thus established, was made in turn the centre of
similar observations, until the length and breadth of the
United Kingdom had been covered with a network of
triangulation. In each triangle, as the work advanced,
the new sides, so to speak, were determined from the

T 2
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length of the side previously calculated from the obser-
vations which had gone before, the dimensions of the sides
first calculated depending upon the base line actually
measured.

572. When all the triangulations were complete, it was
possible to show on a large sheet of paper the exact posi-
tions of all the stations chosen for the triangulation, and to
measure the exact distances between them. The accuracy
of the work was verified at the end by calculating the
side of a certain triangle on Salisbury Plain, and then
testing the accuracy of the calculated length of the side
(which depended upon the accuracy of the one previously
determined, and so on, till at last it depended upon the
accuracy of the base line actually measured in Ireland,)
by actually measuring the side itself. The agreement
between the two determinations was nearly perfect.

The map of the United Kingdom has been constructed
by determining the positions of the principal stations in
this way, and then filling in the triangles by a similar
process on a smaller scale.

573. Now, how do we connect the map of England
with the size of the Earth ? In this way : it enables us to
measure the length of a degree of latitude.

574. What this means will have already been gathered
from what was said in Art. 159. As the Earth is round
(or round enough for our explanation), if it were possible to
walk along a meridian from the equator to either pole, the
stars in our zenith would change ; we should begin with
a star of o° declination over our head, and we should finish
with a star of go° declination over our head, having passed
over go° of latitude ; and if it were possible to measure
exactly how far we had walked, we should have the
measure of a quarter of the Earth’s circumference.

575- But this is impossible ; what can be done is to
measure the change in zenith distance of the same star, or
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677. From these varying lengths of a degree we can
determine not only the amount of polar compression of
the Earth, but its circumference, and therefore its dia-
meters, which are as follow :—

English feet.
Equatorial diameter . . . . 41,848,380
Polar ’; a8 40191708, 700

But this is not all. The most recent results of the
various triangulations have taught us that the Earth is
not quite truly represented by an orange—at all events,
unless the orange be slightly squeezed ; for the equatorial
circumference is not a perfect circle, but an ellipse, the
longer and shorter equatorial diameters being respectively
41,852,864 and 41,843,896 feet. That is to say, the
equatorial diameter which pierces the Earth from long.
14° 23’ East to 194° 23’ east of Greenwich is two miles
longer than that at right angles to it.¥

578. Having now the exact form and dimensions of the
Earth, it is easy for us to determine the distance between
any two places the positions of which on the Earth’s
surface are accurately known.

579. We are, therefore, in a position to measure the
distance of the Moon, if we find that, as seen from two
places as far apart as possible, say Greenwich and the Cape
of Good Hope, there is a sensible change in the position
she apparently occupies on the background of the sky ;
for the line joining the two places may be used as a base
line, and observations may be made on the Moon at each
end of it, that is, at the two stations named, exactly as
observations were made at each end of the base line at
Lough Foyle.

580. Asthetwo stations are not visible from each other,
what is done in each case is to measure the polar distance

* Mem. Roy. Ast. Soc. vol. xxix. 1860.
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the south polar distance of the same star observed
at the Cape: and these two angles will of course make
up 180°.

It is seen from the diagram that the north polar
distance of the Moon as seen from Greenwich, which is
observed, is greater than that of the star.

Similarly, the south polar distance as seen from the
Cape, which is also observed, is greater than that of the star.

Therefore these two polar distances added together are
greater than 180° greater in fact by the angles SGM
and .SCM, which are equal to GME 4 CME = GMC.
The angle GMC is determined by observation to be
about 13°: if, therefore, we know the length of the dase
line joining Greenwich, in addition to the two angles
observed and the one deduced, plane trigonometry enables
us easily to determine the lines M G, M C, and M E, which
are the distances of the Moon from Greenwich, the Cape,
and the centre of the Earth respectively.

581. It also enables us to determine the angles GME
and CAM E, which represent the parallax (Art. 543) of the
 Moon as observed at Greenwich and the Cape respectively.
In this manner the mean equatorial horizontal parallax
of the Moon has been determined to be nearly 57’ 6".

LEssoN XLVI.—DETERMINATION OF THE DISTANCES
OF VENUS AND MARS: OF THE SUN. TRANSIT OF
VENUS. THE TRANSIT OF 1882. .

582. This method may be adopted to determine the
distance of Venus when in conjunction with the Sun, and
of Mars when in opposition ; but it is only applicable in
the former case when Venus is exactly between us and
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of observation, let the observer measure the distance the
planet will appear to the east of the star; at ¢/, when
Mars is setting at the place of observation, and therefore
when the Earth’s rotation has carried him to the other
end of the same diameter, let him again measure the
distance the planet will appear to the west of the star.
He will thus determine, as in the case of the Moon, the
angle the line joining the two places of observation sub-
tends at the planet. In the case of observations made at
the equator, the Earth’s equatorial diameter forms the éase
line. The angle it subtends is determined by observa-
tion; and this can be accomplished, although both the
Earth and Mars are moving in the interval between the
two observations, as the motion of both can be taken into
account. Here again then, when the size of the Earth
is known, the distance of Mars can be determined by
plane trigonometry.

584. As seen from the Sun, the Earth’s diameter is so
small that it is useless as a base line, and consequently
the Sun’s distance cannot be thus measured.

585. The Sun’s distance can however be obtained
directly by a method pointed out by Dr. Halley in 1716,

"based upon the discovery of Kepler, that the distances of
the orbits of the planets from the Sun and from each
other are so linked together, that if we could determine
any one of the distances, all the rest would follow. This
method depends upon observations of the transit of Venus.

586, As we have seen, Mars does not come so near to
us as Venus; consequently Venus is the best planet to
attack by the base-line method : but it happens that when
Venus comes nearest to us, it comes between us and the
Sun, and consequently its dark side is towards us, and we
can only see it when it happens to be exactly between us
and the Sun, when it passes over the Sun’s disc as a
dark spot, a phenomenon called a transit of Venus. Un-
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from his lower station, see the planet 77 projected higher
on the disc, moving on the line £/. Now, what we
require to know, in order to determine the Sun’s distance,
is the distance between the lines.

If the distance between the two stations is sufficiently
great, the planet will not appear to enter on the Sun’s
disc ‘at the same absolute moment at the two stations,
and therefore the paths traversed, or the “ chords,” will
be different. Speaking generally, the chords will be of
unequal length, so that the time of transit at one station
will be different from the time of transit at the other.
This difference will enable us to determine the difference
in the length of the chords described by the planet, and
consequently their respective positions on the solar disc,
and the amount of their separation. Now, this separation
is what we want to know.

588. We already know the relative distances of Venus
from the Earth and Sun; they are as 28 to 72 nearly ;
and whatever the absolute distances may be, the value of
the separation of the two chords, in miles, will be the
same. It is evident, for instance, that if the Sun were
exactly as far from Venus on one side as we are on the
other, and the observers occupied the two poles of the
Earth, the separation would be equal to the Earth’s dia-
meter ; but as the Sun is further from Venus than we are,
in the proportion of 72 to 28, if the transit'were observed
from the two poles, the separation of the two chords on
the Sun would amount to 18,000 miles ; and this proportion
holds good whatever the distance.

589. If it were possible to photograph the Sun at the
same moment at the two stations, the thing would be
done ; we could at once measure the amount of separation,
determinate its proportion to the whole diameter of the
Sun, and determine the size of the Sun, whence its dis-
tance would at once follow, as we could at once determine
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arc) at which the planet will enter and leave the solar
disc; in other words, we know exactly how the Earth will
be hanging in space as seen from the Sun—how much the
south pole will be tipped up—how the axis will exactly
lie—how the Earth will be situated at the moments of

D - o Y
“Sabring Land <~

Fig. 63.—Illuminated side of the Earth at Ingress, Dec. 6d. zh.

ingress and egress. Fig. 61 will show how the planet will
appear to cross the Sun as seen from the Earth. Fig. 62
shows the same circle with lines reversed, representing
the points of ingress and egress, as viewed in the same
direction as the illuminated side of the Earth is viewed.
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582. Now if we suppose two planes cutting the centre
of the Earth and those parts of the Sun’s limb at which
the planet will enter and leave the solar disc, we shall see
in a moment that some parts of the Earth will see the
planet enter the disc sooner than others. Some parts, on

Fig. 64.—Illuminated side of the Earth at Egress, Dec, 6d. 8h.

the other hand, will see it leave the disc later: in other
words, according to the position of a place with reference
to the plane of which we have spoken, both the ingress
of the planet and its egress will appear to take place
earlier or later, as the case may be.
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Now, if we can find a place where both the ingress
will be accelerated and the egress retarded, and another
where the ingress is retarded and the egress is accelerated,
we shall get what we want, the greatest difference in the
duration of the transit,—the greatest difference in the
length of the chords, of which we have before spoken.

Selecting, then, the parts of the Earth at which the
duration of transit would be shortest, it has been found
that on the seaboard of the United States of America
the ingress is retarded by a quantity represented by o'95,
(the maximum being 2°'00), and the egress is accelerated
by a quantity which, in the mean, is 0'83 nearly ; so that
the whole shortening is represented by 1°78. That locality,
therefore, is very favourable. A

Selecting, secondly, the parts of the Earth at which the
duration of transit would be longest, it has been found
that the choice is more limited, and the practical diffi-
culties rather greater.

It will be necessary to make one set of observa-
tions at some station on the Antarctic Continent. It has
further been found that the place must be in 7* east
longitude nearly. Such a position can be found between
Sabrina Land and Repulse Bay. Here the whole lengthen-
ing of transit would be represented by 1°61—a very large
amount (the maximum being 2°00). Combining this with
the observations at Bermuda, the whole difference of dura-
tion would be represented by 3°41 (the maximum being
4'00). This point near Sabrina Land is, in fact, the only
one which is suitable for the observation.
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determined the distance of a tower we could not reach.
II. Then the Earth was measured, and, with a base line
between Greenwich and the Cape of Good Hope, the
distance of the Moon was determined. III. Next, using
the Earth’s diameter (8,000 miles) as a base line, the dis-
tance of Mars was determined, then that of the Sun itself.
1V. Having thus obtained the distance of the Sun, we are
in possession of a base line of enormous dimensions, for
it is clear that the positions successively occupied by
our Earth in two opposite points of its orbit will be
182,000,000 miles apart. Here then are we really sup-
plied with a base line sufficient to measure the distances
of the stars? No; in the great majority of cases the
parallax is so small that there is no apparent difference
in the position as observed in January or July, February
and August, &c. As seen from the fixed stars, that
tremendous line is a point! Neow an instrument such as
is ordinarily used should show us a parallax of one second
—that is, an angle of 1" formed at the star by half the
base line we are using—and a parallax of 1" means that
the object is 206,265 times further away than we are from
the Sun, as the Sun’s distance is the half of our new base
line. Here then we get a limit. If the star’s parallax
is less than 1", the stars must be further away than
91,000,000 miles multiplied by 206,265 !

595. In the great majority of cases, however, the true
zenith-distance of a star is the same all the year round ;
and as this true place results from the several corrections
referred to in the last chapter being applied, when there
is a slight variation, it is very difficult to ascribe it to
parallax, as a slight error in the refraction, or the presence
of proper motion in the star, would give rise to a greater
difference in the places than the one due to parallax, as
in no case does this exceed 1". Hence, as long as the
problem was attacked in this manner, very little progress
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projection an acceleration divected towards the
FEarth; and the path actually described is what is called
a resultant of these two velocities.

601. Let us make this clear with regard to motion in a
straight line on the Earth’s surface. Suppose that the
cricket-ball 4, in Fig. 65, receives an impulse which will
send it to B in a certain time; it will move in the direction
AB. Suppose, again, it receives an impulse that will send

-
-

Fig. 65.—Parallelogram of Forces.

it to C in the same time; it will move in the direction A C,
and more slowly, as it has a less distance to go. But
suppose, again, that both these impulses are given at the
same moment ; it will neither go to B nor to C, but will
move in a direction between those points. The exact
direction, and the distance it will go, are determined by
completing the parallelogram 4 BCD, and drawing the
diagonal 4.0, which represents the direction and amount
of the compound motion.

602. All bodies on the Earth fall to the Earth, as an
apple from a tree, and it is from this tendency that the
idea of weight is derived, and of the difference between
a light body and a heavy one. This idea, however, is often
incorrectly held, because the atmosphere plays such a
large part in every-day life. For instance, if we drop a
shilling and a feather, the feather will require more time
to fall than the shilling : and it would at first appear that
the tendency to fall, or the gravity, of the feather was
different from that of the shilling. This, however, is not
so; for if we place both in a long tube exhausted of air,
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we shall find that both will fall in the same time: and it
is usual to measure gravity or attraction by the space
through which bodies fall, in feet and inches, in one second
of time. The difference in the time of fallin air, then, de-
pends upon the unequal resistance of the air to the bodies.

603. Various machines have been invented at different
times for measuring exactly the rate at which a body falls
to the Earth, and it has been found that the rate of fall
goes on increasing with the distance fallen through. Thus
a body falls in one second through a distance of 164 feet,
and has then acquired a velocity of 32} feet per second,
and so on: so that, generally, the space fallen through in
any given number of seconds is equal to 164 feet multi-
plied by the square of the time. If we represent the
space fallen through by .S, the velocity acquired after a
fall of one second by G, and the time by Z, we have

604. Now if a cannon-ball were left unsupported at
the mouth of the gun, it would fall to the Earth in a
certain time : when fired from the gun it has superadded
to its tendency to fall a motion which carries it to the-
. target, but in its flight its gravity is always at work, and
the law referred to in Art. 601, holds good in this case
also, which is one of curvilinear motion : and as the
cannon-ball is pulled out of its straight course towards
the target by the action of the Earth upon it, pulling it
down, so in all cases of curvilinear motion there is a
something deflecting the moving body from the rectilinear
course. .

605. Sir Isaac Newton was the first to see that the
Moon’s curved path was similar to the curved path of a
projectile, and that both were due to the same cause as
the fall of an apple, namely, the attraction of the Earth.
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He saw that on the Earth’s surface the tendency of
bodies to fall was universal, and that the Earth acted, as
it were, like a magnet, drawing everything free to move
to it, even on the highest mountains; why not then at
the distance of the Moon? And he immediately applied
the knowledge derived from observation on falling bodies
on the Earth to test the accuracy of his idea.

606. Newton’s discovery of the law of gravitation
teaches us that the force of gravity is common to all kinds
of matter. Its law of action may be stated thus:—The
force with which two material particles attract
each other is directly proportional to the pro-
duct of their masses, and inversely proportional
to the square of the distances between their
centres. Now the intensity of a force is measured by
the momentum, or joint product of velocity and mass,
produced in one second in a body subjected to this force,
and this measure of force must be remembered in dis-
cussing the above law of gravity.

607. Thus, if our unit of mass be one pound, and if
this pound be allowed to fall towards the Earth, at the end
of one second it will be moving with the velocity of 32¢
feet per second. Now let the mass be a ten-pound weight ;
it might be thought that, since the Earth attracts each
pound of this weight, and therefore attracts the whole
weight with ten times the force (see above definition)
with which it attracts one pound, we should have a much
greater velocity produced in one second. The old school-
men thought so, but Galileo showed that a ten-pound
weight will fall to the ground with the same velocity as a
one-pound weight. A little consideration will show us
that this is quite consistent with our definition of gravity
and our definition of force. Undoubtedly the ten-pound
weight is attracted with ten times the force, but then there
is ten times the mass to move, so that even although the
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velocity produced in one second is no greater than in the
one-pound weight, yet if we multiply this velocity by the
mass the momentum produced is ten times as great.

608. Now,sinceitis each individual atom of the Earth
that attracts each individual atom of the weight, we might
expect, from our definition of gravity as well as from the
well-known law that every action has a reaction, that the
Earth, when the weight is dropped, at the end of one
second rises upwards to the weight with the same mo-
mentum that the weight moves downwards to the Earth.
No doubt it does ; but as the Earth is a very large mass,
this momentum represents a velocity infinitesimally small.

609. Again, were the Earth twice as large as it is, it
would produce in one second of time a double velocity,
or 64} feet per second; and were it only half as large, we
should have only half the velocity, or 167%; feet per second
produced.

610- Hence we see that at the surface of the Moon
the gravity is very small, whereas at the surface of the
Sun it is enormous. There remains to consider the
element of distance.

A body at the surface of the Earth, or 4,000 miles from
its centre, acquires, as we have seen, by virtue of the
Earth’s attraction, the velocity of 32} feet per second at
the end of one second. During this one second it has
not, however, fallen 32} feet; for, as it started with no
velocity at all, and only acquired the velocity of 32} feet
at the end, it will have gone through the first second with
the mean velocity of 167 feet; it will, in fact, have fallen
1615 feet from rest in one second. Now this body, at the
distance of the Moon, or sixty times as far off, would
only fall in one second towards the Earth a distance of

6 6.16— . -
601 ;]E o8 ;6:)8 of a foot. Let us look into this a

little closer.
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628. Now, it must here be remarked that, at the same
distance, the attraction of one body on another is quite
independent of the mass of the affracted body. If we
take the Earth as the attracting body, for instance, and
the Sun and Jupiter when equally distant from the Earth
as the attracted bodies, leaving for the present mutual
attractions out of the question, the Earth’s attractive
power over both is equal, and is the same as it would
be on a pea or on a mass larger even than the Sun at the
same distance. That is, if we had the Sun, Jupiter, a
pea, and a mass larger than the Sun, at the same distance
from the Earth, the Earth’s attraction would pull them
through the same number of feet and inches in one
second of time.

629. Secondly, still dealing with attracted bodies at
the same distance from the attracting body, not only
will the attraction be the same for all, but it will depend
upon, and vary with, the mass of the attracting body.

630. Thirdly, if the attracted bodies be at different
distances, the power of the attracting body over them
‘varies inversely as the square of its distances from them.

631. If we consider the mutual attractions, then the
attraction of a body with, say, one unit of mass will be
1,000 times less than that of a body with 1,000 units of
mass—this proportion being, of course, kept up at all
distances. If in the case of two bodies, such asthe Earth
and Sun, all the attraction were contained, say, in the
Sun, then the Earth would revolve round the Sun, the
Sun’s centre being the centre of motion ; but as the Earth
pulls the Sun, as well as the Sun the Earth, a conse-
quence of this is, that both Earth and Sun revolve round
a point in a line joining the two, called the centre of gravity.
The centre of gravity would be found if we could join the
two bodies by a bar, and find out the point of the bar by
which they could be suspended, scale fashion. It is clear
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statement and explanation of them would carry us beyond
the limits of this little book. We will conclude this
chapter, therefore, with a reference to two additional
effects of attraction of a somewhat different kind, and of
the utmost importance, on the Earth itself. One results
from the attractions of the Sun and Moon on the equa-
torial protuberance, and is called the precession of the
equinoxes; the other is due to the attractions of the Sun
and Moon on the water on the Earth’s surface, whence
result the tides.

645. Let the equatorial protuberance of the Earth be
represented by a ring, supported by two points at the
extremities of a diameter, and inclined to its support as
the Earth’s equator is inclined to the ecliptic. Let a long
string be attached to the highest portion of the ring, and
let the string be pulled horizontally, at right angles to the
two points of suspension, and away from the centre of the
ring. This pull will represent the Sun’s attraction on the
protuberance. The effect on the ring will be that it will
at once take up a horizontal position ; the highest part of
the ring will fall as if it were pulled from below, the
lowest part will rise as if pulled from above.

646. The Sun’s attraction on the equatorial protuber-
ance in certain parts of the orbit is exactly similar to the
action of the string on the ring, but the problem is compli-
cated by the two motions of the Earth. In the first place
—in virtue of the yearly motion round the Sun—the pro-
tuberance is presented to the Sun differently at different
times, so that twice a year (at the solstices) the action is
greatest, and twice a year (at the equinoxes) the action
is 2#¢/; and, in the second place, the Earth’s rotation is
constantly varying that part of the equator subjected to
the attraction.

647. If the Earth were at rest, the equatorial pro-
tuberance would soon settle down into the plane of the
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ecliptic ; in consequence, however, of its two motions,
this result is prevented, and the attraction of the Sun on
a particle situated in it is limited to causing that particle
to meet the plane of the ecliptic earlier than it otherwise
would do if the Sun had not this special action on the
protuberance. If we take the presentation of the Earth
to the Sun at the winter solstice (Fig. 10), and bear in
mind that the Earth’s rotation is from left to right in the
diagram, it will be clear, that while the particle is mount-
ing the equator, the Sun’s attraction is pulling it down ;
so that the path of the particle is really less steep than the
equator is represented in the diagram : towards the east
the particle descends from this less height more rapidly
than it would otherwise do, as the Sun’s attraction is
still exercised : the final compound result therefore is, that
it meets the plane of the ecliptic sooner than it otherwise
would have done. .

648. What happens with one particle in the protu-
berance happens with all ; one half of it, therefore, tends
to fall, the other half tends to rise, and the whole Earth
meets the strain by rolling on its axis: the inclination of
the protuberance to the plane of the ecliptic is not altered,
but, in consequence of the rolling motion, the places in
which it crosses that plane precede those at which the
equator would cross it were the Earth a perfect sphere :
hence the term precession.

649. In what has gone before, the sphere inclosed in
the equatorial protuberance has been neglected, as the
action of the Sun on the spherical portion is constant : it
plays an important part, however, in averaging the pre-
cessional motion of the entire planet during the year,
acting as a break at the solstices, when the Sun’s action
on the equatorial protuberance is. most powerful, and
continuing the motion at the equinoxes, when, as before
stated, the Sun’s action is #7/.
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after this the water flows, or increases again to the next
high water, and so on.

€60. We not only have two tides in a lunar day, but
twice in the lunar month—about three days after new and
full Moon, the tides are higher than usual : these are
the spring tides. Twice also, three days after the Moon
is in her quadratures, they are lower than usual: these are
the neap tides. It will be gathered from the foregoing
that the tides have something to do with the Moon ; in
fact, these phenomena are due to the attraction of the
Sun and Moon on the fluid envelope of the Earth, and,
as in the case of luni-solar precession, not only is it to the
differential action of these bodies, and not to their abso-
lute action, that the effect is due, but the two periods
correspond with the lunar day and the lunar month,
because the Moon’s differential attraction is far greater
than that of the Sun.

€61. If we take the Sun’s distance as 23,142 terrestrial
radii, and its mass as 314,760 times that of the Earth, the
Earth’s action on a particle of water at its surface being
314,760 314,760 .

; and 5 will represent
23,141 23,143
the Sun’s attraction on a particle on the sides of the
Earth adjacent to it and turned away from it respectively.
‘0123
592

‘012

and _3723; it is readily seen that the differential attrac-

represented by I, then

In the case of the Moon we shall have, similarly,

tion, therefore, in the case of the Moon is much greater
than in the case of the Sun.

662. It may be stated, generally, that the semi-diurnal
tides are caused by the Moon (although there is really a
smaller daily tide caused by the Sun), that the semi-
monthly variation in their amount is due to the Sun’s
tide being added to that of the Moon when she is new and

¥
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full—that is, when the Sun and Moon are pulling together;
and subtracted from it when at the first and last quarters
they are pulling crosswise, or at right angles to each
other.

663. The double daily tide arises from the action of
the Moon on both the water and the Earth itself. On the
side under the Moon the water is pulled from the
Earth, piled up under the Moon, as the Moon’s action on
the surface-water is greater than its action on the Earth’s
centre ; but, for the same reason, the Moon’s attraction on
the Earth’s centre is greater than its attraction on the water
on the opposite side of thé Earth, so that in this case, as
the solid earth must move with its centre, the Earth is
pulled from the water. There are, therefore, always
two tides on the Earth’s surface; and it is to the motion or
undulation of the Earth under this double tide—which is
a state of the water merely without progressive motion—
nearly at rest under the Moon, and under which state the
Earth (as it were) slips round —that the occurrence of two
tides a day instead of one is due. There is, in fact, an
ellipsoid of water inclosing the Earth, which always
remains with its longer axis pointing to the Moon.

664. The existence of a state of high water under, or
nearly under, the Moon, does not depend merely upon the
direct attraction of our satellite upon the particles imme-
diately underneath it, but upon its action upon all the
particles of water on the side of the Earth turned to it,
all of which tend to c/ose #p under the Moon. The force
acting upon these particles is called the tangential com-
ponent of the attraction ; and this is by far the most
powerful cause of the tides, as it acts at right angles to
the Earth’s gravity, whereas the direct attraction of the
Moon acts in opposition to it.

665. The spring and neap tides, which, as we have
szen, depend upon the combined or opposed action of the
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Sun and Moon in longitude, are also influenced by the

difference of latitude between the two bodies. Of course,

that spring tide will be highest which occurs when the
Moon is nearest her node, or in the ecliptic. The apex of
the semi-diurnal tide also follows the Moon throughout
her various declinations. -

666. The phenomena of the tides are greatly comph-
cated by the irregular distribution of land. The time of .
high water at any one place occurs at the same period
from the Moon’s passage over the meridian ; this period
is different for different places. The interval at new or
full Moon between. the times of the Moon’s meridian
passage and high water is termed the establisLment of
the port.

667. Although in the open ocean the velocity of the
tidal undulation may be 500 or even goo miles an hour,
in shallow waters the undulation is retarded to even
seven miles ; at the same time its height isincreased. The
average height of the tide round the islands in the Atlantic
and Pacific Oceans is but 3} feet ; whereas at the head of
the Bay of Fundy it is 70 feet. As the tidal undulation
does not move so rapidly as the Earth does, as it is regu-
lated by the Moon, it appears to move westward while the
Earth is moving eastward ; and it has been suggested that
this apparent backward movement acts as a break on the
Earth’s rotation, and that, owing to the effects of tidal
action, the diurnal rotation is, and has been, constantly
decreasing in velocity to an extremely minute extent. At
all events, if the sidereal day be assumed to be invariable,
it is impossible to represent the Moon’s true place at
intervals 2,000 years apart by the theory of gravitation.
On this assumption the Moon, looked upon as a time-
piece, is Zoo fast by 6” or 12s. (nearly) at the end of each
century. This may be due to the fact that our standard
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APPENDIX,

TABLE VIII.
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- Almanac, Nautical, 557.

INDE X,

INCLUDING

AN. ETYMOLOGICAL VOCABULARY OF ASTRONOMICAL TERMS.

Abbreviations used in astronomy,
see Appendix, Table I.
Aberration of light (@8, from, and
errare, to wander, as the apparent
place is not the true one), 449; re-
sults of, 539; how the aberration
place of a star is corrected. 540
constant of, 539; spherical and chro-
matic, of lenses, 466.
Absorption of the atmospheres of
stars, 68 ; of sun, 119. |
Acceleration, Secular, of the
moon’s mean motion, an increase
in the velocity of the moon’s motion
caused by a slow change in the
eccentricity of the earth’s orbit, see
667. x
Achromatism of lenses, 464.
Adams discovers Neptune, 277.
Adjustments of a]tazimutg, 523 ;
transit circle, 524 ; equatorial, 48s.
Aerolite .(a7o, the air, and A:fos,
a stone), a meteor which falls to
the earth’s surface, 314.
Areosiderites (arp and aidepos,
iron), an iron which falls to the
earth’s surface, 314. )
Air, refraction of the, 450-52; table
of refraction, 537.

Altazimuth (contractio7n of dititude
and azimuth), an instrument for
measuring altitudes and azimuths,
486; when used, 521 ; description of,
522 ; how to use, 523. i {

Altitnwde (a/titudo, height), ~the .
angular height of a celestial body |
above the horizon, 329.

Angle (angulus, a corner), the in-
‘¢hination of two straight lines to

each other, 511; of position, 519; the
angle formed by the line joining the
components of double stars, &c. with
the direction of the diurnal motion.
It is reckoned in degrees from the
north point passing through east,
south, and west.

Angle of the vertical, the differ-
ence between astronomical and geo-
detical latitude. Itis ©at the equator
and at the poles, and attains a
maximum of 11’ 30” in lat. 45°.

Annular eclipses (annulus, a ring),
see Eclipses ; annular nebule, 8s.

Anomaly (+,not, and 6uaAds, equal).
The anomaly is either true, mean, or
eccentric, ‘The first is the true dis-
tance of a planet or comet from
ﬁerihelion ; the second what it would

ave been had it moved with a mean
velocity ; and the third an auxiliary
angle introduced to facilitate the
computation of a planet’s or comet’s
motion, &

Anomalistic year, 439. >

Ansee (handles) of Saturn’s ring, 271

Aphelion (dné, from, and nA:os, the
sun), the point in an orbit furthest
from the sun, 167 ; distance of comets,
288 ; planets, 377.

Apogee (aré and 77, the earth). (1)
The point in the moon’s orbit furthest
from the earth, 212; (2) the position
in which the sun, or other body, is
furthest from the earth. ’

Apsis (avis, a curve), plural Ap-
sides. The line .of apsides (446) is
the line joining the aphelion and
perihelion points; it is ' therefore
the major axis of elliptic orbits.

z
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Arc, Diurnal, the path described by
a celestial body between rising and
setting, 367 ; semi-diurnal, half this
path on eit%er side of the meridian.
Arc of meridian, how measured,

573

Areas, Kepler’s law of, 614-15.

Aries, First Point of, one of the points
of intersection of the celestial equator
and ecliptic, and the start-point for
RA. and celestial longitude, 328.

Ascending node, see Node.

Ascension, Right, the angular dis-
tance of a I:eaven]y body from the
first poiut of Aries, measured upon
the equator, 328.

Asteroids, a name given to the
minor planets, 28o. 4
Atmosphere, refraction of the,
450-52 ; table of refractions, 537 ; of
sun, 119; of stars, 65; of the earth,
199, 208 ; of planets, 259, 264, 274 ;

of moon, 227.

Attraction of gravitation, se¢ Gra-
vitation.

Axis. The axis of a heavenly body
is the line on wlich it rotates, 106:
the major axis of an elliptical orbit is
the line of apsides, 446 ; the minor
axis is the line at right angles to
it; the semi-axis major is equal to
the mean distance.

Axis of the earth, its movements,
168, 547. i

Axis, polar, and declination, of equa-

_ torials, 484-85.

Azimuth (samatha, Arabic, to go

. towards), the angular distance of a
celestial object from the north or
south point of the meridian, 329.

Base line, how measured, 570.

Belts of Jupiter, 263 ; of calms and
rains, 2o1.

Bissextile, 440.

Bode’s law. 280.

Bolides, sec Meteors, luminous.

Bond, 271. - -

Brilliancy, ofthe stars, 23; sun, 100;
moon, 218 ; minor planets, 284.

Calendar, 443. !

Calms of Cancer and Capricorn, 2o1.

Catalogues of stars, 529.

Cavendish experiment, the, 636.

Celestial sphere, 326 ¢f seg.; ap-
parent movements of, 330 ¢f seg.; two
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" methods of dividing, 362 ; meridian,

329.
Centre of gravity, 631.
Centrifugal tendency, 622.
Centripetal force, 622.
Chronograph, an instrument for
determining the times of transit of a
heavenly body across the field of
view of a transit circle, or other in-
strument, with the greatest accuracy,

533

Circle, Declination, the circle on the
declination axis of an equatorial, by
which the declinations of celestial
bodies are measured, 485; great, a
circle subdividing the celestial sphere
into two equal portions ; transit, an
instrument adapted for observing the
transit of heavenly bodies across the
meridian and their zenith distance,
524 ; of perpetual apparition, a circle
of polar distance equal to the lati-
tude of the place, the stars within
which never set, 335.

Circumpolar stars, 341.

Clepsydree, 393.

Clock, invention of, 404 ; principles
of construction, 403 ; sidereal clock,

528.

Clock-stars; stars the positions of
which have been accurately deter-
mined, used in regulating astrono-
mical clocks and determining the
time, 558.

Cloud-on Mars, 259.

Clusters of stars, 71-75.

Co-latitude of a place or a star is
the difference between its latitude
and go°.

Collimation (cx»:, with, and Zimes,
a limit}, line of the optical axis of a
telescope; error of, the distance of
the cross wires of a telescope from
the line of collimation, 518,

Collimator, a telescope used for
determining the line of collimation in
fixed astronomical instruments, 524.

Colours of stars, 60-63.

Colures («oAovew, I divide), great
circles passing through the equinoxes
and solstitial colures, called the equi-
noctial and solstitial colures.

Coma (Lat. Zai7) of a comet, 293.
Comes (Lat. companion), the smaller
component of a double star. .
Comets («ounrns, hairy) are pro-

bably masses of gas, 13, 293 ; orbits
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of, 288, 297; distances from snm,
288 ; long and short period comets,
289 ; numbers recorded, 292 ; forces
at work in, 293; velocity of, 293;
are probably harmless, 294 division

_ of Biela’s comet, 295 ; numbers cf,
in our own system, 2g6

Compression, polar, or polar flat-
tening, the amount by which the
polar diameter of a planet is less
than its equatorial one, 255.

Cone of shadow in eclipses, 242.

Conic sections, the, 624.

Conjuncti-n. Two ormore bodies
are said to be in conjunction when
theyare in the same longitudeor right
ascension. In inferior conjunction
the bodies are on the same side of
the sun ; in superior conjunction on
opposite sides, 378.

Constant of aberration, 539

Constellation (cuwm and stella, a
star), a group of stars supposed to
represent some figure, 35 classifi-
cation of, 36 ; zodiacal, 37 ; northern,
38 ; southern, 39 ; visible throughont
the year, 352 ef seq.; circumpolar,

1, 353

Cgtox?dgnates, transformation of
equatorial into ecliptic, 552.

Copernicus, lunar crater, 228

Corona (Lat crvwn). the halo of
light which surrounds the dark body
of the moon during a total eclipse
of the sun, 246.

Corrections applied to observed
places, 536 ¢f seq.; for refraction,
537 ; aberration, 539; parallax, 543 ;
funi-solar precession and nutation,
545 et seq.

Cosmical rising and setting of a
heavenly body = rising or setting
with the sun.

Craters of the moon, 223 ¢Z seyg.

Crust of the earth, 183 ef seg.;
temperature of, 193; thickness of,
194 ; density, 195.

Culmination (cx/men,the top), the
passage of a heavenly body across
the meridian when it is at the highest
point of -its diurnal path. Circum-
polar stars have two culminations,
upper and lower.

Curtate distance, the distance of
a celestial body from the sun or
earth projected upon the plane of
the ecliptic.

| Density of t
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Cusp lcuspis, a sharp point), the
extremities of the illuminated side
of the moon or inferior planets at
the crescent phase.

. Cycle of eclipses, a period after which

eclipses occur in the same order as -

before, 244.

Dawes discovers Saturn’s inner ring,
271. :

Day, apparent and mean solar, 419 ;
sidercal and solar, 358 ;- lengths of,
in the planets, 253 ; and night, 164,
169 ; how caused, 171; how to find
the lengths of, 369.

Declination, the angular distance
of a celestial body north or south
from the equator, 328; circle or
parallel of, 328 ; axis of equatorials,

485.

Degree, the 36oth part of any circle,
574 length of a, how determined in
different latitudes, 576.

De La Rue, Mr, his lunar, solar,
and planetar{ photographs, 507.

e earth, 195, 637 ; how
measured, 635; of the sun and
planets, 103, 147, 638 ez seg.

Descencing node, see Node.

Detcnating meteors, 313.

| Diameter of the earth, 153, 163;

moon, 211: sun, 1ol ; planets, 140;
true and apparent, 596.

Dimensions,of thesun, 101 earth,
153, 363; moon, 211 ; lunar craters,
224 ; the planets, 140; Saturn and
his rings, 272; how determined, 596.

Direct motion, see Motion.

Disc, the visible surface of the sun;
moon, or planets.

Dispersion of light, 455 ; varies in
different substances, 465. ’

Distances, of stars, z5; how deter-
mined, 594 ; of nebulz, go; of sun,
101; how determined, 585 ef seq. ;
old and new values of, 593; and
planets, 139, 282; how determined,
582; moon, 211, 212; how deter-
mined, s79: pelar, 329; how dis-
tances are measured, 567 ¢Z seg.

Double stars, see Stars.

Earth, the, is round, 150, 151 ; TOta-
tion proved by Foucault, 154, 157
poles, 153 ; equator, 6., diameters,

1b.; dimchsions, ‘163 ; how deter-
Z2
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mined, 573 et seg.; latitude and longi-
tude, 160, 161, 328 ; parallels and
meridians, 162, 328 ; tropics, circles,
and zones, 162; shape, 163, 196;

. shape of orbit, 167 ; changes, 445;
inclination of axis, 168; day and
night, 164:; how caused, 171; at
the poles, 172; length of day and
night, 173 ; how to determine, 369 ;
seasons, 175ef seg. 447 ; structure and
past history of, 181 e seq.; interior
temperature of, 193; once a star,
1go; why an oblate spheroid, 196;
atmosphere, 199 ¢# seg. 208; belts
of calms and rains, and trade
winds, 201 ; cause of the winds, 202;
elements in the earth’s crust, 2073
in the earth’s atmosphere, 208.

Apparent movements. The earthisthe
‘centre of the visible creation, 322 ;
apparent movements of the heavens
are due to the real movements of
the, 325 ; effects of rotation, 326, 343 ;
apparent movements of the stars as
seen from different points on the
surface, 331 ef seg.; effects of the
earth’s yearly motion, 344 ef seg. ;
effects of attraction of, 6o5; motions
of axis, 651 eZ seq.

Earth-shine, 217.

Bcecentricity of an crbit {ex, from,
and centrum, a centre), the distance
of a focus from the centre of an
ellipse. It is expressed by the
ratio the distance bears to the sun’s
axis major. An eccentricity of o1,
e.g., means that the focus is one-
tenth of the sun’s axis major from
the centre.

Eclipses (¢éxhet s, a disappearance),
233 el seq.

Eciliptic (so called because when
either sun or moon is eclipsed it is
in this circle), the great circle of the
heavens,’along which the sun per-
forms his annual path, 363 ; plane of
the, 105, 300. The plane of the sun’s
apparent, and of the earth’s real,
motion, 105, 136, -300; obliquity of,
the angle between the plane of the
ecliptic and of the celestial equator,

553- v

Egress, the passing of one bedy off
the disc of another; ¢ g. one of the
satellites off Jupiter, or Venus or
Mercury off the sun.

Elements, chemical, present in the

sun, 123; fixed stars, 69; earth’s
crust, 207 ; meteorites, 317.

Elements of an orbit are the quan-
tities the determination of which
enables us to know the form and .
position of the orbit of a comet or
planet,and to predict the positions of
the body, see Appendix, Tables I1.-V,

Ellipses, 165 ef seg. 624.

Elongatfc)u, the angular distance
of a planet from the sun : of Mercury
and .Venus, 380. 3

Emersion, the reappearance of a
body after” it has been eclipsed op
occulted by another; e.g the emer-
sion of Jupiter’s satellites from be-
hind Jupiter, or the emersion of a
star from behind the moon.

Enceladus, one of the satellites of
Saturn.

Envelopes of comets, 293. 3

Ephemeris (¢, for, nuépq, a day),
a statement of the positions of the
heavenly bodies for every day or
hour prepared some time before-
hand, 557.

Epoch, the time to which calcu-
lations: or positions of the heavenly
bodies are referred, s51, 555. )

Equation of the centre, the differ-
ence between the true and mean
anomalies of a planet or comet ; of the
equinoxes, the difference between
the mean and apparent equinox :.of
time, the difference between true
solar and-mean solar time, 415.

Equator, terrestrial, 153; celestial,

328. \

Equatorial telescope, 482 ; method
of using, s35; horizontal parallax,
see Parallax. %

Equinoxes (egxus, equal, and zox,
night, ; vernal or equinoctial, the
points of intersection of the ecliptie
and equator. When the sun occu-
pies these positions in Spring and
Autumn of the northern hemisphere,
there is equal day and night all
over the world, a . small circle near
each pole excepted, 171 ; precession
of the, sce Precession.

Errors, instrumental and clock, 530,

555.

Evection (evekere, to carry awayh
One of the lunar inequalities which
increases or diminishes her mean
longitude to the extent of 1° 20"
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- Ewening star, 380. ;

- Eye-pieces of telescopes, 471 ; their

~ various forms, 472-73; transit eye-
piece, 531.

Faculege (Lat. orckes), the brightest
parts of the solar photosphere, 119.
Field of view, the portion of the

heavens visible in a telescope. ;
Figure of the earth, see Earth,
Fixed stars, see Stars. ,
Focus (Lat. /eartk). the point at
which converging rays meet, 458.
Foci of an eclipse, 166
Foucault proves the earth’s rota-
tion, 154 ; determines the velocity of
light, 4s0.
Fraunhofer’s lines, 490.

Galaxy (yiraxros, of milk), the
Greek name for the Milky Way, or
Via Lactea.

Geocentric (v#, the earth, and «év-
Tpov, a centre), as viewed from the
centre of the earth; latitude and
longitude, 3€o.

Geography, physical, 182 ¢f seg.

Geology, 182.

Gibbous (Lat. g#bbus, bunched)
nioon, 231.

Globes, use of the, 337; terrestrial,
159; celestial, 41; compass, 338;
brazen meridian, 338; wooden hori-
zon, 338 ; rectifying the globe, 330,
349 globe, celestial, explains sun’s
daily motion, 365 e/ seg.

Gnomon (yveuwr, an index), a sun-
dial, 398.

Granulations on the solar surface,

115.

Gravitation, Universal, 606 ¢f seg.;
the moon’s path, 612; Kepler’s laws,
614 ; results of, 642 ef seq. ; pertur-
bations, 643; nutation, 654; preces-
sion, 645; tides, 659.

Gravity (gravis, heavy), 6oz; mea-
sure of, on the earth, 603, 611 ; on the
sun and planets, 641 ; centre of, 631.

Gregorian calendar, style, 443.

Gyruscope, 157.

Harvest moon, 373.

Head of comets, 291, 293.

Heavens, how to observe the, 342.

Heliacal rising or setting of a
star is when it just becomes visible
in morning or evening twilight.
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Heliocentric (#Aws, the sun, and
kévrpoy, a centre), as seen from, or
referred to, the centre of the sun:
latitude and longitude, 360.

Heliometer (nAws and pérpov, a
measure), a telescope with a divided
object-glass designed to measure
small angular distances with great
accuracy. It is so called because it
was first used to measure the sun.

Hemispheres (nu:, half, and
o@aipu, a sphere), half the surface
of the celestial sphere. The sphere
is divided into hemispheres by great
circles such as the equator and
ecliptic.

Herschel, Sir W, discovers the
inner satellites of Saturn, 271; dis-
covers Uranus, 277.

Horizon (6pilw, I bound), true or
rational, 329; sensible, 152.

Horizontal parallax. see Parallax.

Hour angle, the angular distance
of a heavenly body from the meri-
dian.

Hour circle, the circle attached to
the equatorial telescope, by which
right ascensions are indicated, 533.

Huggins, Mr, his spectroscopic
observations, 499, 504

Hyperbola, the, one of the conic
sections, 624.

Immersion (immergere, to plunge
into), the disappearance of one
heavenly body behind another, or
in the shadow of another.

Inclinaticn of an orbit, the angle
between the plane of the orbit and
the plane ofp the ecliptic: of the
sun, 106; of the earth, 168; of the
axes of planets, 253.

Inequalities, Secular; perturba-
tions of the celestial bodies so small
that they only become important in a
long period of time, 643.

Inferior conjunction, see Conjunc-
tion ; planet, see Planet.

Instruments, astronomical, 518 e#

seq.
Irradiation, 217

Jets in comets, 293.

Jovicentric (Jow:s, of Jupiter, and
xévToov, a centre), as seen from, or
referred to, the centre of Jupiter..
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.

Julian period, calendar and style, | Luni-solar precession, see Preces

sion.

443: ,

Jupiter, distance from the sun and
period of revolution, 134, 139;
diameter, 140: volume, mass, and
density, 147: polar compression,
255 ; description of, 263 ¢ seq.;
satellites, 267.

Magellanic clouds, 33. 3
Magnitudes of stars, 22, 23.
Major axis, see Axis. )
Maps of countries, how constructed,

572. -
Mars, 134; distance from the sun

Kevler’s laws, 614; proofs of, 619 and. period of revolution, 139 ;

et seq. =y diameter, 140; volume, mass, and
Kirchhoff’s investigations on spec- density, 147; polar compression,
tra, 492. 255; description of, 256; seasons,

262 ; how presented to the earth in
different parts of its orbit, 393; how
its distance from the earth is deter-
mined, 583.

Mass. The mass of a heavenly body
is the quantity of matter it coutains:
of sun, 103; of planets, 147.

Mean distance of a planet, &ec. is
half the sum of the aphelion and peri-
helion distances. This is equal to
the semi-axis major of an elliptic
orbit, 13 ; mean anomaly, see Ano-
maly ; mean obliquity is the obliquity
unaffected by nutation ; mean time,
see Time ; mean sun, 405.

Medium, resisting, 297.

Mercury, 134; distance from sun
and period of revolution, 139: dia-
meter, 140; volume, mass, and den-
sity, 147; polar compression, 255 ;
elongation of, 380.

Meridian (meridies, midday), the
great circle of the heavens passing
through the zenith of any place and
the poles of the celestial sphere, 162.

Metals and metalloids, list of, 207;
present in the sun and stars, 10.

Meteors, luminous, their position in
the system, 134; divisions of, 298;
numbers seen in a star-shower, 75. ;
explanation of star-showers, 3or ef
seg.; the November ring, 308;
radiant point, 305; cause of bril-
liancy, 3to; shape of orbits, 308,

Latitude (/at/tudo, breadth), terres-
trial, 160; how obtained, 560 ; celes-
tial, 360 : how obtained, 554 ; latitude
of a place is equal to the altitude of
the pole, 336; Geoceatric, Helio-
centric, Jovicentric, Saturnicentric,
latitude as reckoned from the centres
of the planets named.

Lens, its action on a ray of light,
458 ; convex and concave, 462 : bi-
convex and bi-concave, &c. 463 ;
axis of a, 458; achromatic lenses,
464 ; chromatic and spherical aberra-
tion of, 46s.

Le Verrier discovers Neptune, 277.

Libration of the moon, 214.

Light, what it is, 448; velocity of,
16, 449; aberration of, 449 ; refrac-
tion and reflection, 450 ef seg.; dis-
persion, 465.

Limb, the edge of the divc of the
moon, sun, or a planet.

Line, of collimation, 518; of nodes,
the Imaginary line between the as-
cending and descending node of an

orbit.

Longitude (longitudo, length), ter-
restrial, 161 ; how determined, 5=4;
celestial, 360; how determined, 563
ef seg.; mean, the angular distance
from the first point of Aries of a
planet or comet, supposed to move
with a mean rate of motion; Geo-

centric, Heliocentric, Jovicentric, or
Saturniceutric, longitude as reckoned
from the centres of the planets
named.

312; weight of, 311; velocity of,
10; detonating meteors, meteoric
ons and stones, 313; meteorites,
aérolites, aérosiderites, and aéroside-

Lumiére cendrée, 217. rolites, 314 ; sporadic meteors, 315 ;

Lunar distances, used to deter- remarkable r.nete.oric falls, 316;
mine terrestrial longitudes, 56s. chemical constitution, 317 eZ seq.
Lunation (lzzatio), the period of | Micrometer (u.«pés, small, and

uétpov, measure), an instrument with

the moon’s journey round the earth, )
: fine moveable wires attached to eye-

434
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pieces to measure small angular dis-
tances, 473, 519.

Microscopes, 518

Midnight Sun, 171

Milky Way, 28; stars increase in
number as they approach, 29; ne-
bule do not, gs.

Miiler, Dr. W. A, his spectroscopic
observations, 504.

Minor axis, see Axis.

Minor planets, how discovered,
280, 284 ; sizes, 281; orbits and
distances from the sun, 282 ; eccen-
tricity of -orbits, 283; brilliancy,
284 ; atmospheres, 286.

Month, the, 434.

Moon, why its shape changes, 12;

dimension and distance of, 211-12; line

of revolution, 213; libration, 214;

nodes, 215, 244; moon’s path con-

cave with respect to the earth, 216;

earth-shine, 217 ; brightness of, 218 ;

description of surface, 221 ef seq. ;

rotation, 228; no atmosphere, 227;

phases, 229; eclipses, 233 e seg. ;

apparent motions, 370 eZ seg.; har-
vest moon, 372; how the distance of
the moon 1s determined, §79; ele-
ments of the moon, see Appendix,

Table V.

Morning star, 380.

Motion, proper, of stars, 43; appa-
rent, ofjplanets, 374 et scg.; direct,
381 ; retrograde, 381; laws of, 399
et seq. ; circular, 622.

Mountains, lunar, heights of, 224.

Naadir (zatara, to correspond), 328.

Neap tides, 66o.

Nebulse, why so called, 6, 76 ; zre
probably masses of gas, 13, ¢6;
classification of, 81; light of, g2;
variability of, 94; spectrum analysis
of the, 498, so1 e seq.

Nebular hypothesis, 98, 210.

Nebulous stars, see Stars.

Neptune, distance from the sun
and period of revolution, 134, 139 ;
diameter, 140; volume, mass, and
density, 147 ; discovery of, 277 ef

seq.
Node (nodus, a knot), the points at
which a comet’s or planet’s orbit in-
tersects the plane of the ecliptic : one
is termed the ascending, the other
the descending node, 215. Longitude
of the, one of the elements of an
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orbit. It is the angular distance of
the node from the first point of
Aries.

.Nubeculse, 33.

Nucleus (f,at. kernel), of a comet,
291, 293 ; of sun-spots, 110.

Nutation (nzxfatio, a nodding), an
oscillatory movement of the earth’s
axis due to the moon’s attraction on
the equatorial prctuberance, 654 e#
seq.

Object-glass of telescopes, con-
struction of, 466 ; aperture and illu-
minating power of, 470; accuracy
required in constructing, 480 ; largest
object-glass, 481.

Obliquity of the ecliptic, see Ecliptic,

Occulation (occultare, to hide),
the eclipsing of a star or planet by
the moon or another planet.

Opposition. A superior planet is
in opposition when the sun, earth,
and the planet are on the same
straight line and the earth in the
middle, 378.

Optical double stars, see Stars.

Orbit (oréss, a circle), the path of
a planet or comet round the sun, or
of a satellite round a primary, 282.

Ordnance Survey of England, s70.

Orion, 353.

Parabola, a section of a cone
parallel to one of its sides, 624. .

Parabolic orbits of comets, 288.

Parallactic inequality, an irregu-
larity in the moen’s motion, arising
from the difference of the sun’s
attraction at aphelion and peri-
helion.

Parallax (wapdAAafis, a change),
542 ; corrections for, 543, 544 ; equa-
torial horizental, 543 ; of the moon,
580 ; of Mars, 583 ; of the sun, 585 e
seg. ; old and new values of, 593 ;
of the stars, 504.

Parallels of latitude, 162; of de-
clination, 328.

Penumbra (pere, almost, and
umbra, a shadow), the half-shadow
which surrounds the deeper shadow
of the earth, 237; of sun -spots,
110.

Perigee (mepi, near, and 7, the
earth). (1} The point in the moon’s
orbit” nearest the earth, 212; (3) the
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position in which the sun or other
body is nearest the earth.
Perihelion (wep:, near, and nAwos),
the point in an orbit nearest the sun,
167 ; distance, the distance of a
heaveuly body from the sun at its
nearest approach: longitude of, one
of the elements of an orbit; it
is the angular distance of the peri-
helion point from the first point of
Aries: passage, the time at which
a heavenly body makes its nearest
approach to the sun, 3.
Peri-Jove, Saturnium, &c., the
nearest approach of a satellite to
tsl:e primary named, Jupiter, Saturn,
xc.

Period (mepi, round, and o6dés, a
path), or periodic time, the time of
a planet’s, comet’s, or satellite’s
revolution; synodic, the time in
which a planet returns to the same
position with regard to the sun and
earth, 384.

Perturgations (perturbare, to in-
terfere with), the effects of the
attractions of the planets, comets,
and satellites upon each other, con-
sisting of variations in their motions
and orbits described round the sun,

633.

Ph%l?ses (pdots, an appearance), the
various appearances presented by
the illuminated portions of the moon,
(229) and inferior planets (377) in
various parts of their orbit with regard
to the earth and sun, .

Photography, solar, 114; celestial,

507.
Pho7tospheres of the stars, 65;
sunm, 110.

Physical constitution of the stars,
65, 63 ; of the sun, 119 ef seg.
Plane of the ecliptic, 105, 136, 300.
Planct (xAavirne, a wanderer), a
cool body revolving round a central
incandescent one.

Planets change their positions with
regard to the stars, 4; what they
are, 11; names of, 134 ; travel round
the sun in elliptical orbits, 135, 377;
and in one direction, 138 ; distances
of, from the sun, 139; periods of
revolution, 139; real sizes of, 140;
comparative sizes of, 141; mass,
volume, and density, 144—47; com-
pared with the ecarth, 251 ¢# seg. ;

INDEX,

apparent movements of, 374 ef seg.;
varying distances from the earth,
376; brilliancy and phases, 377;
inferior and superior, 378 ; conjunc-
tion and opposition, 378; elonga-
tions, 380; direct and retrograde
motion, 381 ; stationary points, 382 ;
synodic periods, 384; inclinations
and nodes of orbits, 388; apparent
paths among the stars, 391 ef seg.;
elements of the, see Appendix,
Table II.

Planetary nebulz, sec Nebulz.

Piateau’s experiment, 197.

Pointers, the, 341.

Polar axis of the earth, 153, 163;
compression (see Comvression), 255 ;
distance, 329.

Polaris {Lat.), the pole-star, 341; is
not always the same, 547.

Poles (moAéw, I turn), the extremi-
ties of the imaginary axis on which
the celestial bodies rotate, 153, 261 ;
the poles of the heavens, 328 ; are
the extremities of the axis of the
celestial sphere which is parallel to
the earth’s axis; the poles of the
ecliptic are the extremities of the
axis at right angles to the plane of
the ecliptic, 360; of the earth,

153.
Position-circle (of micrometers),

519.
Precession (precedere, to precede)
of the equinoxes, or luni-solar pre-
cession, a slow retrograde motion
of the equinoctial points upon the
ecliptic, 361, 548 ; cause of, explained,
645 et seq.
Prime, vertical, see Vertical.
Prisms refract light, 453
Prominences, red, of the sun, 118.
Proper motion, see Motion.

Quadrant {gxadrans, a fourth part},
the fourth part of the circumference
of a circle or go® of altitude, a
flexible strip of brass graduated into
9o°, attached to the celestial globe
for determining celestial latitudes,
declinations being determined by the
brass meridian.

Quadrature. Two heavenly bodies
are said to be in quadrature when
there is a difference of longitude:of
go° between them. Thus the moon -



is in quadrature with respect to the
sun at the first and last quarters.
Quarters of the moon, 231.

Radiant point of shooting stars,

305.

Radiation, solar, 124 ¢# seg.

Radius (Lat. a spoke of a wheel)
vector, an imaginary line joining
the sun and a planet or comet in any
point of its orbit, 615.

Red prominences and flames, 118,

248.
Reflecting telescope, or reflector,

481.

Reflection, 4s51.

Refracting telescope, or refractor,
see Telescope.

Refraction (refrangere, to bend),
atmospheric, 450, 453; of light by
prisms, 453; index of, 453.

Resisting medium, see Medium.

Retrogradation, arc of. The arc
apparently traversed by planets
while their motion is retrograde,
381.

Retrograde motion, see Motion.

Revolution, the motion of one

body round another, 12; time of,

the period in which a heavenly body
returns to the same point of its
orbit ; the revolution may either be
anomalistic if measured from the
aphelion or perihelion points, sidereal
with reference to a star, synodical
with reference to a node, or tropical
with reference to an equinox or
tropic.

Right
Right.

Rilles on the moon, 226.

Rings of Saturn, see Saturn.

Rocks, list of terrestrial, 183.

Rotation, the motion of a body
round a central axis: of sun, 104;
of earth, 153 ; of moon, 214 ; possibly
slackening, 667

Rutherford, Mr., his lunar. photo-
graph, s507.

Saros, a term applied by the Chal-
deans to the cycle of eclipses, 244.
Satellite (sate/les, a companion),

a term applied to the smaller bodies
revolving round planets and stars,
137, 142, 267 ; elements of the, see

Appendix, Table ITI.

ascension, see Ascension,

INDEX,
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Saturn, distance from the sun and
period of revolution, 134, 139;
diameter, 140; volume, mass, and
density, 147; polar compression,
255 ; the rings, 270 ef seg.; dimen-
sion of, 272; of what composed,
273 ; appearance of, 274; atmo-
sphere, 7.; solar eclipses due to the
rings, 276; how presented to the
earth in different parts of its orbit,

5

Sg?ntillation (scintilla, a spark),
the “twinkling” of the stars.

Seasons of the earth, 169, 175 &#
seg. ; of Mars, 254, 262 ; of Jupiter,

254.

Secular (seculum, an age) inequa-
lities, see Inequalities; acceleration
of the moon’s mean motion, see
Acceleration.

Selenography (celsvn, the moon!,
the geography of the moon.

Semi-diurnal arc, see Arc.

Sextant, an instrument consisting
of the sixth part of a circle, finely
graduated, by which, by means of
reflection, the angular distances of
celestial bodies are measured, 520.

Shooting stars, see Meteors, lumi-
nous.

Sicereal (sidus, a star), relating to
the stars ; clock, see Clock ; day, 358 ;
time, see Time.

Signs of the zodiac, see Zodiac.

Snow on Mars, 2

Solar spectrum, see Spectrum.

Solar system, 133 e seg.

Solstices, or solstitial points (so/,
the sun, and sfare, to stand still),
the points in the sun’s path at which
the extreme north and south dech-
nations are reached, and at which
the motion is apparently arrested
before the direction of motion is
changed, 171.

Solstitial colure, see Colure.

Sorby’s researches on meteorites,

320.

Spectroscope, 491 ; star spectro-
scope, 505; the Kew spectroscope,
506; direct vision, 506.

Spectrum, 454 ; irrationality of the,
458 ; the solar, 487 ; description of,
488; dark lines and bright lines, 490,
491 ; spectrum analysis, 489 ef seq.;
general laws of, 493 ; general results
of, 4 5



346

Sphere (spatpa), celestial, the sphere
of stars which apparently incloses
the earth, 1, 326; of observation,

329.

Spherical trigonometry, see Trigo-
nometry.

Spheroid, the solid formed by the
rotation of an eclipse on one of its
axes: it is oblate if it rotates on the
minor axis, and prolate if it rotates
on the major axis.

Spriung tides, 660.

Star-showers, see Meteors.

Stars, why invisible in daytime, 2;
why they appear at rest, 8; why
they shine, 10; distance of nearest,
16 ; their distance generally, 25-27 ;
magnitudes of|, 22, 23 ; telescopic, 22 :
comparative brightnessof, 23 ; divided
into constellations, 35-41 ; brightest,
42 ; double and multiple, 47-50 ; vari-

able and temporary, 51-59; the sun.

a variable star, 121; coloured, 60~
63; size of, 64; physical constitution
of, 6569 ; clusters of, 71, 75; appa-
rent movements of, 326 ; positions of,
on celestial sphere, 326 ¢f seq. ; appa-
rent daily movement, 331 ef seg.;
apparent yearly movement, 344 ¢#
seg.; pole-star, 341; zone of, 335;
how to observe the, 342, 349;
those seen at midnight are opposite
to the sun. 344 ef seg. ; constellations
visible throughout the year, 3:=2 e
seg. ; circumpolar, 335; sidereal day,
358 ; how the elements in the stars
are determined, 493, 495, 497 ; paral-
lax of the stars, 594~95.

Stationary points, tiose points in
a planet’s orbit at which it appears
to have no motion among the stars,
382.

Stellar parallax, see Parallax.

‘Stones, meteoric, 313.

Styles, old and new, 443; of sun-
dials, 402.

Sun, is a star, g: why it shines, 10;
its relative brilliancy, 23, 100; dis-
tance, 1or; diameter, 1or; volume,
103 ; mass, 103 ; rotation, 104 ; posi-
tion of axis, 106; sun-spots, proper
motion of, 107 ; description of, 110;
size of, 120; period of, 120; tele-
scopic appearance of, 109 ef seg.;
photosphere, 110, 119 ; atmosphere,
119, 123; facule, 113 ; willow leaves
and granules, 115, 116 ; red flames,

INDEX.,

118; elements in the photosphere,
123; how determined by spectrum
analysis, 494-96; amount of light,
125 ; heat, 126 ; chemical force, 128 ;
solar radiation, 205 ; eclipses of, 234
et seq; their phenomena, 240 ef seq. ;
apparent motions, 357; solar day,
358; motion in the ecliptic, 363;
rising and setting and apparent daily
path, 364; mean sun, motion of
the, 405; how the sun’s distance is
determined, 585 ¢f seg.; old and
new values of the solar parallax,
503 ; solar elements, see Appendix,
able IV,

Sun-dial, the, 399, 400.

Superior conjunction, see Con-
junction.

Superior planets, ses Planets.

Symbols (cvupBerov), the name
given to certain signs, used as abbre-
viations, sec Appendix, Table I.

Synodic period, see Period.

Syzigies (sdv, with, and Cvydv, a
yoke), the points in the moon’s orbit
at which it is in a line with the earth
and sun, or when it is in conjunction
or opposition. i

‘Tails of comets, 291, 293.

Telescope (e, afar, and oxonéw,
I see), construction of, 467; illumi-
nating or space-penetrating power,
9o, 469; magnuifying power, 470;
eye-pieces, 471-73 ; object-glass, 466,
470 ; tube, 474 ; powers of, 475; how
to use the, 476~79; largest, 481;
various mountings, 482; equatorial,
482; altazimuth, 486, 521 f seg.:
transit circle, 486, 524 ¢ seq.; transit
instrument, 486, 558

Temperature of the sun, 126; of
the earth’s crust, 193.

Temporary star, see Star.

Terminator, 222,

Tides (#dar, to happen, Saxon), 659
et seq.

Time, how measured, 405 ; the mean
sun, motion of, 408; equation of
time, 415 ; apparent and mean solar
day, 41?: Greenwich mean time,
421; rules for converting solar into
sidereal time, and wice zersd, 427,
see Appendix, Tables VII.and VIII.;
civil, 369; week, 432; month, 434;
year, 436; bissextile, 440; Julian
and Gregorian calendars (new style
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and old style), 443; time required
by light to reach us from the stars,
27; from the nebul®, g91; how ob-
tained, 558, se¢ Appendix, Tables
VI. VII. and VIII.

Total eclipse, see Eclipses.

Trade winds, 201.

Transit (#rans, across, and re, to
go), the passage (1) of a heavenly
body across the meridian of a place
(in the case of circumpolar stars
there is an upperand a lower transit,
the latter sometimes called the tran-

sit sub polo); (2) of one heavenly |

body across the disc of another, e.g.
the transit of Venus across the sun,
586; of a satellite of Jupiter across
the planet’s disc, 267.

Transit circle, 486 ; when used
and general description of; 524 ; how
used, 525 ef seq.

Transit instrument, 486, 558.

Trigonometry, plane and spheri-
cal, s15.

Trigonometrical ratios, 516.

Tropical revolution, see Revolution.

Tropics (rpénw, I change) of Can-
cer and Capricorn respectively,
the circles of declination which mark
the most northerly and southerly
points in the ecliptic, in which the
sun occupies the signs named, 162.

Ultra-zodiacal planets, a name
sometimes given to the minor planets,
because their orbits exceed the limits
of the zodiac.

Umbra (Lat. 2 sZadow), the darkest
central portion of the shadow cast
by a heavenly body, such as the
moon or earth, is so called : it is sur-
rounded by the penumbra, 237;
umbra of sun-spots, 110.

Universe, our, one of many, 8;
shape of, 30-32.

Uranus, 134; distance from the
sun and period of revolution, 139;
diameter, 140; volume, mass, and
density, 147; inclination of axis,
254 ; discovery of, 277.

Vapour, aqueous, 209.
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Variable star, see Stars; nebulz,
see Nebulz.

Variation of the moon, one of the
lunar inequalities.

Venus, 134; distance from the sun
and period of revolution, 139; dia-
meter, 140 ; volume, mass, and den-
sity, 147; polar compression, 255 ;
a morning and evening star by turns,
380; transits of, across the sun’s
disc, 582, 586 ¢# seg.; the transit of
1882, s91.

Vernmier, si8.

Vertical (zertex, the top). A vertical
line (320) 1s a line perpendicular to
the surface of the earth at any place,
and is directed therefore to the
zenith ; a vertical circle is one that
passes through the zenith and nadir
of the celestial sphere, 329; the
prime vertical (329) is the vertical
circle passing through the east and
west points of the horizon.

Via Lactea, see Milky Way.

Volume (volusren, bulk) is the cubi-
cal contents of a celestial body ; of
the sun, 103; of the planets, 147.

Week, names of the days of the, 482.

Weight, what it is, 6o2.

Willow leaves in the penumbra
ot sun-spots, 116,

Winds, 202.

Wire micrometer, see Micrometer.

Year, 164, 436; length of the planets’
years, 253.

Zenith, the point of the celestial
sphere over head, 328 ; distance, 329.

Zodiac, the portion of the heavens
extending g° on either side of the
ecliptic, in which the sun and major
planets appear to perform their
annual revolutions, 37, 361. It is
divided into twelve parts, termed
signs of the zodiac. These signs
were named after the constellations
which occupied them in the time of
Hipparchus. ’

Zodiacatl light,134; constellations, 37.

Zones, torrid, frigid, and temperate,
of the earth, 162 ; of stars, 335.
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LESSONS IN ELEMENTARY CHEMISTRY,

INORGANIC AND ORGANIC.

By HENRY ROSCOE, F.R.S,

Professor of Chemistry in Owens College, Manchester,

With numerous Illustrations and Chromo-Litho. of the Solar
Spectra.

Seventh Thousand. 18mo. cloth. 4. 6d.

It has been the endeavour of the author to arrange the most important
facts and principles of Modern Chemistry in a plain but concise and
scientific form; suited to the present requirements of elementary in-
struction. For the purpose of facilitating the attainment of exactitude
in the knowledge of the subject, a series of exercises and questions
upon the lessons have been added. The metric system of weights and
measures, and the centigrade thermometric scale, are used throughout
the work.

““A small, compact, carefully elaborated, and well-arranged manual of
hlememary Chemistry in all its branches. For the correctness and
accuracy of its contents, the name of the writer is a sufficient guarantee,
holding as he does no mean rank amongst English chemists, and having
given close attention, not to one only, but to many branches of his subject.
Small as it is, as a standard general text-book it deserves to take a
leading place. A carefully-prepared series of questions added in an
appendix is a most useful addition to the bnok, and will be fully appre-
ciated by those who wish to have their knowledge of the subject ‘in a
precise and readily producible form.”—Spectator.

 Mr. Roscoe is well known as an excellent chemist, and as one of the
best laboratory teachers of his science in this countr; ‘We commiend his

. work to the attention of young men preparing fgr the matriculation
examination in the London University as an efficient guide along the
chemical course which that examination requires them to follow.”
Londorn Quarterly Review.

“¢It has no rival in its field, and it can scarcely fail to take its place as the
ext-book at all schools where chemistry is now studied.”—Chemical News.

“We regard Dr. Roscoe’s as beiug by far the best book from which a
student can obtain a sound and accurate knowledge of the facts and
principles of rudimentary chemistry.”—7%e Veterinarian.
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CATULLI VERONENSIS LIBER, edited by R. ELLIS, Fellow of
Trinity College, Oxford. 18mo. 3s. 6d.

“ It is little to say that no edition of Catullus at once so scholarlike has ever
appeared in England.”—A4 ¢kenaum.

¢ Rarely have we read a classic author with so reliable, acute, and safe a
guide.”—Saturday Review.

CICERO.—THE SECOND PHILIPPIC ORATION. With an
Introduction and Notes, translated from the German of KARL
HarM. Edited, with Corrections and Additions, by JoHN E. B.
MAYOR, M.A., Fellow and Classical Lecturer of St. John’s Col-
lege, Cambridge. Third Edition, revised. Fcap. 8vo. 35s.

¢ A very valuable edition, from which the student may gather much both in
the way of information directly communicated, and directions to other
sources of knowledge.”—A tzencemn.

DEMOSTHENES ON THE CROWN. The Greek Text with
English Notes. By B. DRAKE, M.A,; late Fellow of King’s
College, Cambridge. Third Edition, to which is prefixed
ZESCHINES AGAINST CTESIPHON, with English Notes. Fcap.
8vo. 55

The terseness and felicity of Mr. Drake’s translations constitute perhaps
the chief value of his edition, and the historical and archzological details
necessary to understanding the De Corond have in some measure been
anticipated in the notes on the Oration of Aschines. In both, the text
adopted in the Zurich edition of 1851, and taken from the Parisian MS.,
has been adhered to without any variation. Where the readings of
Bekker, Dissen, and others appear preferable, they are subjoined in the
notes.

HODGSON.—MYTHOLOGY FOR LATIN VERSIFICATION.
A Brief Sketch of the Fables of the Ancients, prepared to be
rendered into Latin Verse for Schools. By F. HobgsoN, B.D.,
late Provost of Eton. New Edition, revised by F. C. HODGSON,

M.A. 18mo. 3s %

Intending the little book to be entirely elementary, the Author has made it
as easy as he could, without too largely superseding the use of the Dic-
tionary and Gradus. By the facilities here afforded, it will be possible, in
many cases, for a boy to get rapidly through these preparatory exercises ;
and thus, having mastered the first difficulties, he may advance with better
hopes of improvement to subjects of higher character, and verses of more
difficult composition.
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SALLUST.—CAITI SALLUSTII CRISPI Catilina et Jugurtha.
For use in Schools (with copious Notes). By C. MERIVALE, B.D.
(In the present Edition the Notes have been carefully revised, and
a few remarks and explanations added.) Second Edition. Fcap.
8vo. 4s. 6d.

The Jugurtha and the Catilina may be had separately, price 2s. 6d.
each.

TACITUS.—THE HISTORY OF TACITUS translated into ENG-
LISH. By A.]J. CHURCH, M.A., and W. J. BRODRIBB, M.A.
With Notes and a Map. 8vo. 10s. 64.

The translators have endeavoured to adhere as closely to the original as was
thought consistent with a proper observance of English idiom. At the
same time it has been their aim to reproduce the precise expressions of the
author. The campaign of Civilis is elucidated in a note of some length
which is illustrated by a map, containing only the names of places and of
tribes occurring in the work.

— THE AGRICOLA and GERMANY. By the same translators.
With Maps and Notes. Extra fcap. 8vo. 2s. 6d.

THRING.—Works by Edward Thring, M.A., Head Master of
Uppingham School :—

— A CONSTRUING BOOK. Fecap. 8vo. 2s. 6d.

This Construing Book is drawn up on the same sort of graduated scale as the
Author’s English Grammar. Passages out of the best Latin Poets are
gradually built up into their perfect shape. The few words altered, or in-
serted as the passages go on, are printed in Italics. It is hoped by this
plan that the learner, whilst acquiring the rudiments of language, may
store his mind with good poetry and a good vocabulary.

— A LATIN GRADUAL. A First Latin Construing Book for
Beginners. Fcap. 8vo. 2s. 64.

The main plan of this little work has been well tested. &

The intention is to supply by easy steps a knowledge of Grammar, combined
with a good vocabulary; in a word, a book which will not require to be
forgotten again as the learner advances. ! h y

A short practical manual of common Mood constructions, with their English
equivalents, form the second part.

— A MANUAL of MOOD CONSTRUCTIONS. Extra fcap.
8vo. 1. 6d.

THUCYDIDES.—THE SICILIAN EXPEDITION. Being Books
VI. and VIL. of Thucydides, with Notes. A New Edition, revised
and enlarged, with a Map. By the Rev. PERCIVAL FrosT, M.A.,
late Fellow of St. John’s College, Cambridge. Fcap. 8vo. 5s.

This edition is mainly a grammatical one. Attention is called to the force
of compound verbs, and the exact meaning of the various tenses employed.
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WRIGHT.—Works by J. Wright, M.A., late Head Master of
Sutton Coldfield School : —

— HELLENICA; Or, a HISTORY of GREECE in GREEK,
as related by Diodorus and Thucydides, being a First Greek
Reading Book, with Explanatory Notes Critical and Historical.
Second Edition, with a Vocabulary. 12mo. 3s. 64.

In the last twenty chapters of this volume, Thucydides sketches the rise and
progress of the Athenian Empire in so clear a style and in such simple
language, that the author doubts whether any easier or more instructive
passaﬁges can be selected for the use of the pupil who is commencing
Greek.

— A HELP TO LATIN GRAMMAR; Or, the Form and Use
of Words in Latin, with Progressive Exercises. Crown 8vo.
4s. 6d.

‘ Never was there a better aid offered alike to teacher and scholar in that
arduous pass. The style is at once familiar and strikingly simple and
lucid ; and the explanations precisely hit the difficulties, and thoroughly
explain-them.”—ZEnglish Fournal of Education.

— THE SEVEN KINGS OF ROME. An Easy Narrative,
abridged from the First Book of Livy by the omission of difficult
passages, being a First Latin Reading Book, with Grammatical
Notes. Fcap. 8vo. 3

This work is intended to supply the pupil with an easy Construing-book,
which may at the same time be made the vehicle for instructing him in
the rules of grammar and principles of composition. Here Livy tells his
own pleasant stories in his own pleasant words. Let Livy be the master
to teach a boy Latin, not some English collector of sentences, and he will
not be found a dull one.

— A VOCABULARY AND EXERCISES on the ‘“SEVEN
KINGS OF ROME.” Fcap. 8vo. 2s. 6d.

The Vocabulary and Exercises may also be had bound up with
“The Seven Kings of Rome,” price §s.
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AIRY.—Works by G. B. Airy, Astronomer Royal :—

— ELEMENTARY TREATISE ON PARTIAL DIFFEREN-
TIAL EQUATIONS. Designed for the use of Students in the
University. With Diagrams. Crown 8vo. cloth, 5s. 64.

It is hoped that the methods of solution here explained, and the instances
exhibited, will be found sufficient for application to nearly all the important
problems of Physical Science, which require for their complete investiga-
tion the aid of partial differential equations.
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AIRY.—Works by G. B. Airy—Continued.

— ON THE ALGEBRAICAL AND NUMERICAL THEORY
of ERRORS of OBSERVATIONS, and the COMBINATION
of OBSERVATIONS. Crown 8vo. cloth, 6s. 64,

— UNDULATORY THEORY OF OPTICS. Designed for the
use of Students in the University, New Edition. Crown 8vo.
cloth, 6s. 64.

— ON SOUND and ATMOSPHERIC VIBRATIONS. With
the Mathematical Elements of Music. Designed for the use of
Students of the University. Crown 8vo. gs.

BAYMA.—THE ELEMENTS of MOLECULAR MECHANICS.
By JosepH Bayma, S.J., Professor of Philosophy, Stonyhurst
College. = Demy 8vo. cloth, 10s. 6d.

BOOLE.—Works by G. Boole, D.C.L., F.R.S., Professor of
Mathematics in the Queen’s University, Ireland :—

— A TREATISE ON DIFFERENTIAL EQUATIONS. New
and Revised Edition, Edited by I. TODHUNTER. Crown 8vo.
cloth, 14s.

The author has endeavoured in this Treatise to convey as complete an ac-
count of the present state of knowledge on the subject of Differential
Equations, as was consistent with the idea of a work intended primarily
for elementary instruction. :-The earlier sections of each chapter contain
that kind of matter which has usually been thought suitable to the beginner,
while the later ones are devoted either to an account of recent discovery,
or the discussion of such deeper questions of principle as are likely to pre-
sent themselves to the reflective student in connexion with the methods
and processes of his previous course.

— A TREATISE ON DIFFERENTIAL EQUATIONS. Sup-
plementary Volume. Edited by I. TODHUNTER. Crown 8vo.
cloth, 8s. 6d.

— THE CALCULUS OF FINITE DIFFERENCES. Crown
8vo. cloth, 10s. 64,

This work is in some measure designed as a sequel to the ZTreatise on
Differential Equations, and is composed on the same plan.
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BEASLEY.—AN ELEMENTARY TREATISE ON PLANE
TRIGONOMETRY. With Examples. By R. D. BEASLEY,
"M.A., Head Master of Grantham Grammar School. Second
Edition, revised and enlarged. Crown 8vo. cloth, 3s. 64.

This Treatise is specially intended for use in Schools. The choice of matter
has been chiefly guided by the requirements of the three days’ Examina-
tion at Cambridge, with the exception of proportional parts in Logarithms,
which have been omitted. About Fowur kundred Examples have been
added, mainly collected from the Examination Papers of the last ten years,
and great pains have been taken to exclude from the body of the work any
which might dishearten a beginner by their difficulty.

CAMBRIDGE SENATE-HOUSE PROBLEMS and RIDERS,
WITH SOLUTIONS :—

1848—1851.—PROBLEMS. By FERRERS and JACKSON. 8vo. cloth.
15s. 6d.

1848—1851.—RIDERS. By JAMESON. 8vo. cloth. 7. 6d.

1854.—PROBLEMS and RIDERS. By WALTON and MACKENZIE,
8vo. cloth. 10s. 64,

1857.—PROBLEMS and RIDERS. By CAMPION and WALTON.
8vo. cloth. 8&s. 6d.

1860.—PROBLEMS and RIDERS. By WarsoN and ROUTH.
Crown 8vo. cloth. 7s. 6d.

1864.—PROBLEMS and RIDERS. By WALTON and WILKINSON.
8vo. cloth. 10s. 6.

CAMBRIDGE COURSE OF ELEMENTARY NATURAL PHI-
LOSOPHY, for the Degree of B.A. Originally compiled by
J. C. SNowsaLL, M.A., late Fellow of St. John’s College. Fifth
Edition, revised and enlarged, and adapted for the Middle-Class
Examinations by THoOMAS LUND, B.D., Late Fellow and Lecturer
of St. John’s College; Editor of Wood’s Algebra, &c. Crown
8vo. cloth. 35s.

This work will be found suited to the wants, not only of University Students,
but also of many others who require a short course of Mechanics and
Hydrostatics, and especially of the Candidates at our Middle-Class Ex-
aminations.

CAMBRIDGE AND DUBLIN MATHEMATICAL FOURNAL.
THE COMPLETE WORK, in Nine Vols. 8vo. cloth. £7 4s.
(Only a few copies remain on hand.)

CHEYNE.—AN ELEMENTARY TREATISE on the PLANET-

ARY THEORY. With a Collection of Problems. By C. H. H.
CHEYNE, B.A. Crown 8vo. cloth, 6s. 64.

— THE EARTH’S MOTION of ROTATION. By C. H. H.
CHEYNE, M.A. Crown 8vo. 3s. 6d.



10 EDUCATIONAL BOOKS.

CHILDE.—THE SINGULAR PROPERTIES of the ELLIPSOID
and ASSOCIATED SURFACES of the Nth DEGREE. By
the Rev. G. F. CHILDE, M.A., Author of ‘Ray Surfaces,”
‘‘ Related Caustics,” &c. 8vo. 10s. 64,

CHRIST/IE.—A COLLECTION OF ELEMENTARY TEST-
QUESTIONS in PURE and MIXED MATHEMATICS ; with
Answers and- Appendices on Synthetic Division, and on the
Solution of Numerical Equations by Horner’s Method. By JAMES
R. CHriIsTIE, F.R.S., late First Mathematical Master at the
Royal Military Academy, Woolwich. Crown 8vo. cloth, 8s. 64.

DALTON.—ARITHMETICAL EXAMPLES. Progressively ar-
ranged, with Exercises and Examination Papers. By the Rev.
T. DALTON, M.A., Assistant Master of Eton College. 18mo.
cloth. 2s. 6d.

DAY.—PROPERTIES OF CONIC SECTIONS PROVED
GEOMETRICALLY. Part I.,, THE ELLIPSE, with Problems.
By the Rev. H. G. DAy, M. A., Head Master of Sedbergh Grammar
School. Crown 8vo. 3s. 6d.

DODGSON.—AN ELEMENTARY TREATISE ON DETER-
MINANTS, with their Application to Simultaneous Linear Equa-
tions and Algebraical Geometry. By C. L. DobGsoN, M.A.,
Mathematical Lecturer of Christ Church, Oxford. Small 4to.
cloth, 10s. 64.

DREW.—GEOMETRICAL TREATISE on CONIC SECTIONS.
By W. H. DrEw, M.A., St. John’s College, Cambridge. Third
Edition. Crown 8vo. cloth, 4s. 64.

In this work the subject of Conic Sections has been placed before the student
in such a form that, it is hoped, after mastering the elements of Euclid, he
may find it an easy and interesting continuation of his geometrical studies.
‘With a view also of rendering the work a complete Manual of what is re-
quired at the Universities, there have been either embodied into the text,
or inserted among the examples, every book-work question, problem, and
rider, which has been proposed in the Cambridge examinations up to the
present time. .

— SOLUTIONS TO THE PROBLEMS IN DREW’S CONIC
SECTIONS. Crown 8vo. cloth, 4s. 6d.

FERRERS.—AN ELEMENTARY TREATISE on TRILINEAR
CO-ORDINATES, the Method of Reciprocal Polars, and the
Theory of Projections.- By the Rev. N. M. FERRERS, M.A.,
Fellow and Tutor of Gonville and Caius College, Cambridge.
Second Edition. Crown 8vo. 6s. 6d.

The object of the author in writing on this subject has mainly been to place
it on a basis altogether independent of the ordinary Cartesian system, in-
stead of regarding it as only a special form of Abridged Notation. A short
chapter on Determinants has been introduced.
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FROST.—THE FIRST THREE SECTIONS of NEWTON’S
PRINCIPIA. With Notes and Illustrations. Also a Collection
of Problems, principally intended as Examples of Newton’s
Methods. By PErCIVAL FrosT, M. A., late Fellow of St. John’s
College, Mathematical Lecturer of King’s College, Cambridge.
Second Edition. 8vo. cloth, 10s. 64.

The author’s principal intention is to explain difficulties which may be en-
countered by the student on first reading the Principia, and to illustrate
the advantages of a careful study of the methods employed by Newton, by
showing the extent to which they may be applied in the solution of prob-
lems; he has also endeavoured to give assistance to the student who is
engaged in the study of the higher branches of Mathematics, by repre-
senting in a geometrical form several of the processes employed in the
Differential and Integral Calculus, and in the analytical investigations of
Dynamics.

FROST and WOLSTENHOLME.—A TREATISE ON SOLID
GEOMETRY. By PercivaL FrosT, M.A., and the Rev. J.
WOLSTENHOLME, M.A., Fellow and Assistant Tutor of Christ’s
College. 8vo. cloth, 18s.

The authors have endeavoured to present before students as comprehensive
a view of the subject as possible. Intending as they have done to make
the subject accessible, at least in the earlier portion, to all classes of
students, they have endeavoured to explain fully all the processes which
are most useful in dealing with ordinary theorems and problems, thus di-
recting the student to the selection of methods which are best adapted to
the exigencies of each problem. In the more difficult portions of the sub-
ject, they have considered themselves to be addressing a higher class of
students ; there they have tried to lay a good foundation on which to build,
if any reader should wish to pursue the science beyond the limits to which
the work extends.

GODFRAY.—A TREATISE on ASTRONOMY, for the use of
Colleges and Schools. By HuGH GODFRAY, M.A., Mathematical
Lecturer at Pembroke College, Cambridge. 8vo. cloth. 12s. 64,

“We can recommend for its purpose a very good 7'»eatise on Astronomy
by Mr. Godfray. It is a working book, taking astronomy in its proper
place in mathematical science. But it begins with the elemen de-
finitions, and connects the mathematical formule very clearly with the
visible aspect of the heavens and the instruments which are used for ob-
serving it.”—Guardian.

- - AN ELEMENTARY TREATISE on the LUNAR THEORY.
With a brief Sketch of the Problem up to the time of Newton.
By HugH GopnFrAy, M.A. Second Edition, revised. Crown
8vo. cloth. gs. 6.

HEMMING.—AN ELEMENTARY TREATISE on the DIF-
FERENTIAL AND INTEGRAL CALCULUS, for the use
of Colleges and Schools. By G. W. HEMMING, M.A., Fellow
of St. John’s College, Cambridge. Second Edition, with Cor-
rections and Additions. 8vo, cloth. gs.
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FONES and CHEVNE.—ALGEBRAICAL EXERCISES. Pro-
gressively arranged. ' By the Rev. C. A. JoNEs, M.A., and C. H.
CHEYNE, M.A., Mathematical Masters of Westminster School.
New Edition. 18mo. cloth, 2s. 6.

This little book is intended to meet a difficulty which is probably felt more
or less by all engaged in teaching Algebra to beginners. It is that while
new ideas are being acquired, old ones are forgotten. In the belief that
constant practice is the only remedy for this, the present series of miscel-
laneous exercises has been prepared. Their peculiarity consists in this,
that though miscellaneous they are yet progressive, and may be used by
the pupil almost from the commencement of his studies. They are not in-
tended to supersede the systematically arranged examples to be found in
ordinary treatises on Algebra, but rather to supplement them.

The book being intended chiefly for Schools and Junior Students, the higher
parts of Algebra have not been included.

KITCHENER.—A GEOMETRICAL NOTE-BOOK, containing
Easy Problems in Geometrical Drawing preparatory to the Study
of Geometry. For the use of Schools. By F. E. KITCHENER,
M.A., Mathematical Master at Rugby. 4to. 2s.

MORGAN.—A COLLECTION of PROBLEMS and EXAMPLES
in Mathematics. With Answers. By, H. A. MorRGAN, M.A.,
Sadlerian and Mathematical Lecturer of Jesus College, Cambridge.
Crown 8vo. cloth. 6s. 64.

This book contains a number of problems, chiefly elementary, in the Mathe-
matical subjects usually read at Cambridge. They have been selected
from the papers set during late years at Jesus college. Very few of them
are to be met with in other collections, and by far the larger number are
due to some of the most distinguished Mathematicians in the University.

PARKINSON.—Works by S. Parkinson, B.D., Fellow and Pre-
lector of St. John’s College, Cambridge :—

— AN ELEMENTARY TREATISE ON MECHANICS. For
the use of the Junior Classes at the University and the Higher
Classes in Schools. With a Collection of Examples., Third
Edition, revised. Crown 8vo. cloth, 9s. 64.

The author has endeavoured to render the present volume suitable as a
Manual for the junior classes in Universities and the higher classes in
Schools. In the Third Edition several additional propositions have been
incorporated in the work for the purpose of rendering it more complete,
and the Collection of Examples and Problems has been largely increased.

— A TREATISE on OPTICS. Second Edition, revised. Crown
8vo. cloth, 105 64.

A collection of Examples and Problems has been appended to this work
which are sufficiently numerous and varied in character to afford useful
exercise for the student: for the greater part of them recourse has been
had to the Examination Papers set in the University and the several Col-
leges during the last twenty years.
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PHEAR.—ELEMENTARY HYDROSTATICS. With numerous
Examples. By J. B. PHEAR, M.A., Fellow and late Assistant
Tutor of Clare College, Cambridge. Fourth Edition. Crown 8vo.
cloth, 5s. 64.

¢¢ An excellent Introductory Book. The definitions are very clear; the de-
scriptions and explanations are sufficiently full and intelligible ; the in-
vestigations are simple and scientific. The examples greatly enhance its
value.”—Englisk Fournal of Education.

PRATT.—A TREATISE on ATTRACTIONS, LAPLACE’S
FUNCTIONS, and the FIGURE of the EARTH. By Joun
H. PraTT, M.A., Archdeacon of Calcutta, Author of ¢ The
Mathematical Principles of Mechanical Philosophy.”  Third
Edition. Crown 8vo. cloth, 6s. 6d.

PUCKLE.—AN ELEMENTARY TREATISE on CONIC SECT-
IONS and ALGEBRAIC GEOMETRY. With numerous Ex-
amples and hints for their Solution ; especially designed for the use
of Beginners. By G. H. PuckLE, M.A., St. John’s College,
Cambridge, Head Master of Windermere College. Third Edition,
enlarged and improved. Crown 8vo. cloth, 7s. 64.

The work has been completely re-written, and a considerable amount of new
matter has been added, to suit the requirements of the present time.

RAWLINSON.—ELEMENTARY STATICS. By G. RAWLIN-
soN, M.A. Edited by EDWARD STURGES, M. A., of Emmanuel
College, Cambridge, and late Professor of the Applied Sciences,
Elphinstone College, Bombay. Crown 8vo. cloth. 4s. 6d.

Published under the authority of H. M. Secretary of State for use in the
Government Schools and Colleges in India.

¢ This Manual may take its place among the most exhaustive, yet clear and
simple, we have met with, upon the composition and resolution of forces,
equilibrium, and the mechanical powers.”—Oriental Budget.

REVNOLDS. —MODERN METHODS IN ELEMENTARY
GEOMETRY. By E. M. REyNoLDs, M.A., Mathematical
Master in Clifton College. Crown 8vo. 3s. 6d.

ROUTH.—AN ELEMENTARY TREATISE on the DYNAMICS
of a SYSTEM of RIGID BODIES. With Examples. By
EDpwWARD JoHN RouTH, M.A., Fellow and Assistant Tutor of
St. Peter’s College, Cambridge ; Examiner in the University of
London, Crown 8vo. cloth, 10s. 64,

SMITH.—A TREATISE on ELEMENTARY STATICS. By
J. H. SmitH, M.A., Gonville and Caius College, Cambridge.
8vo. 5s. 6d.
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SMITH.—Works by Barnard Smith, M.A., Rector of Glaston,
Rutlandshire, late Fellow and Senior Bursar of St. Peter’s College,
Cambridge :—

— ARITHMETIC and ALGEBRA, in their Principles and Ap-
plication, with numerous Systematically arranged Examples, taken
from the Cambridge Examination Papers, with especial reference
to the Ordinary Examination for B.A. Degree. Tenth Edition.
Crown 8vo. cloth, 10s. 64.

This work is now extensively used in Sckools and Colleges both at Zome and
in the Colonies. It has also been found of great service for students pre-
paring for the MIDDLE-CLASS AND CiviL AND MILITARY SERVICE Ex-
AMINATIONS, from the care that has been taken to elucidate the principles
of all the Rules.

— ARITHMETIC FOR SCHOOLS. New Edition. Crown
8vo. cloth, 4s. 6d.

— COMPANION to ARITHMETIC for SCHOOLS. [Pregaring.

— A KEY to the ARITHMETIC for SCHOOLS. Seventh
Edition. Crown 8vo., cloth, 8s. 64.

— EXERCISES in ARITHMETIC. With Answers. Crown
8vo. limp cloth, 2s. 64. Or sold separately, as follows :—Part 1.
1s.; Part IL. 1. ANSWERS, 64. :

These Exercises have been published in order to give the pupil examples in
every rule of Arithmetic. The greater number have been carefully com-
piled from the latest University and School Examination Papers.

— SCHOOL CLASS-BOOK of ARITHMETIC. 18mo. cloth,
35, Or sold separately, Parts I. and II. 10d. each; Part IIL. 1s.

— KEYS to SCHOOL CLASS-BOOK of ARITHMETIC. Com-
plete in one Volume, 18mo., cloth, 6s. 6d. ; or Parts I., II., and
ITI. 2s. 6d. each.

— SHILLING BOOK of ARITHMETIC for NATIONAL
and ELEMENTARY SCHOOLS. 18mo. cloth. Or separately,
Part 1. 24.; Part II. 34.; Part III. 7d. ANSWERS, 6d.

THE SAME, with Answers complete. 18mo. cloth, Is. 6.
— KEY to SHILLING BOOK of ARITHMETIC. 18mo. cloth,
4s. 6d.

— EXAMINATION PAPERS in ARITHMETIC. In Four
Parts. 18mo. cloth, Is. 64. THE SAME, with Answers, 18mo.
1s. 9d.

— KEY to EXAMINATION PAPERS in ARITHMETIC.
18mo. cloth, 4s. 6d.
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SNOWBALL.—PLANE and SPHERICAL TRIGONOMETRY.
With the Construction and Use of Tables of Logarithms. By
J. C. SNowBALL. Tenth Edition. Crown 8vo. cloth, 7s. 64.

TAIT and STEELE.—DYNAMICS of a PARTICLE. With
Examples. By Professor TAIT and Mr. STEELE. New Edition.
Crown 8vo. cloth, 10s. 6d.

In this Treatise will be found all the ordinary propositions connected with
the Dynamics of Particles which can be conveniently deduced without the
use of D’Alembert’s Principles. Throughout the book will be found a
number of illustrative Examples introduced in the text, and for the most

part completely worked out ; others, with occasional solutions or hints to
assist the student, are appended to each Chapter.

7AYLOR.—GEOMETRICAL CONICS; including Anharmonic
Ratio and Projection, with numerous Examples. By C. TAYLOR,
B.A., Scholar of St. John’s College, Cambridge. Crown 8vo.
cloth, 7s. 6d.

TEBAY.—ELEMENTARY MENSURATION for SCHOOLS.
With numerous Examples. By SEpTiMUs TEBAY, B.A., Head
Master of Queen Elizabeth’s Grammar School, Rivington. Extra
fcap. 8vo. 3s. 6d.

TODHUNTER.—Works by I. Todhunter, M.A., F.R.S., Fellow
and Principal Mathematical Lecturer of St. John’s College, Cam-
bridge :—

— THE ELEMENTS of EUCLID for the use of COLLEGES
and SCHOOLS. New Edition. 18mo. cloth, 3s. 6d.

— ALGEBRA for BEGINNERS. With numerous Examples.
New Edition. 18mo. cloth, 2s. 64.

— KEY to ALGEBRA for BEGINNERS. Crown 8vo., cl., 6s. 6d.

— TRIGONOMETRY for BEGINNERS. With numerous
Examples. New Edition. 18mo. cloth, 2s 6d.

Intended to serve as an introduction to the larger treatise on Plane Trigo-
nometry, published by the author. The same plan has been adopted as in
the Algebra for Beginners: the subject is discussed in short chapters, and
a collection of examples is attached to each chapter.

— MECHANICS for BEGINNERS. With numerous Examples.
18mo. cloth, 4s. 64.

Intended as a companion to the two preceding books. The work forms an
elementary treatise on Demonstrative Mechanics. It may be true that
this part of mixed mathematics has been sometimes made too abstract and
speculative ; but it can hardly be doubted that a knowledge of the elements
at least of the theory of the subject is extremely valuable even for those
who are mainly concerned with practical results. The author has accord-
ingly endeavoured to provide a suitable introduction to the study of applied
as well as of theoretical Mechanics.
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TODHUNTER.—Works by I. Todhunter, M.A.—Continued.
— A TREATISE on the DIFFERENTIAL CALCULUS.

With Examples. Fourth Edition. Crown 8vo. cloth, 10s. 64.

— A TREATISE on the INTEGRAL CALCULUS. Third

Edition, revised and enlarged. With Examples. Crown 8vo.
cloth, 10s. 64.

— A TREATISE on ANALYTICAL STATICS. With Ex-

amples. Third Edition, revised and enlarged. Crown 8vo. cloth,
10s. 6d.

— PLANE CO-ORDINATE GEOMETRY, as applied to the

Straight Line and the CONIC SECTIONS. With numerous
Examples. Fourth Edition. Crown 8vo. cloth, %s. 6d.

— ALGEBRA. TFor the use of Colleges and Schools.  Fourth

Edition. Crown 8vo. cloth, 7s. 6d.

This work contains all the propositions which are usually included in ele-

mentary treatises on Algebra, and a large number of Zxamples for Ex-
ercise. The author has sought to render the work easily intelligible to
students without impairing the accuracy of the demonstrations, or contract-
ing the limits of the subject. The Examples have been selected with a
view to illustrate every part of the subject, and as the number of them is
about Sirteen hundred and fifty, it is hoped they will supply ample exer-
cise for the student. Each set of Examples has been carefully arranged,
commencing with very simple exercises, and proceeding gradually to those
which are less obvious.

— PLANE TRIGONOMETRY. For Schools and Colleges.

Third Edition. Crown 8vo. cloth, 5s.
The design of this work has been to render the subject intelligible to be-

ginners, and at the same time to afford the student the opportunity of ob-
taining all the information which he will require on this branch of Mathe-
matics. Each chapter is followed by a set of Examples ; those which are
entitled Miscellaneous Examples, together with a few in some of the other
sets, may be advantageously reserved by the student for exercise after he
has made some progress in the subject. In the Second Edition the
hints for the solution of the Examples have been considerably increased.

— A TREATISE ON SPHERICAL TRIGONOMETRY.

Second Edition, enlarged. Crown 8vo. cloth, 4s. 6d.

This work is constructed on the same plan as the Treatise on Plane Trigo-

snometry, to which it is intended as a sequel. Considerable labour has
been expended on the text in order to render it comprehensive and ac-
curate, and the Examples, which have been chiefly selected from Uni-
versity and College Papers, have all been carefully verified.

— EXAMPLES of ANALYTICAL GEOMETRY of THREE

DIMENSIONS. Second Edition, revised. Crown 8vo. cloth, 4s.

— AN ELEMENTARY TREATISE on the THEORY of

EQUATIONS. Second Edition, revised. Crown 8vo. cloth,
7s. 6d.
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WILSON.—ELEMENTARY GEOMETRY. PArT I. Angles,
Triangles, Parallels, and Equivalent Figures, with the Application
to Problems. By J. M. WiLsoN, .M. A., Fellow of St. John’s
College, Cambridge, and Mathematical Master in Rugby School.
Extra fcap. 8vo. 2s. 6d.

— A TREATISE on DYNAMICS. By W. P. WiLsoN, M.A.,
Fellow of St. John’s College, Cambridge ; and Professor of
Mathematics in Queen’s College, Belfast. 8vo. 9s. 6d.

WOLSTENHOLME.—A BOOK of MATHEMATICAL PROB-
LEMS on subjects included in the Cambridge Course. By JOSEPH
WOLSTENHOLME, Fellow of Christ’s College, sometime Fellow of
St. John’s College, and lately Lecturer in Mathematics at Christ’s
College. Crown 8vo. cloth. 8s, 6d.

CoNTENTs: Geometry (Euclid).—Algebra.—Plane Trigonometry.—Conic
Sections, Geometrical. —Conic Sections, Analytical. —Theory of Equations.
. —Differential Calculus.—Integral Calculus.—Solid Geometry —Statics.—
Dynamics, Elementary.—Newton.—Dynamics of a Point.—Dynamics of
a Rigid Body.—Hydrostatics.—Geometrical Optics.—Spherical Trigono-
metry and Plane Astronomy.

In each subject the order of the Text-Books in general use in the University
of Cambridge has been followed, and to some extent the questions have
been arranged in order of difficulty. The collection will be found to be
unusually copious in problems in the earlier subjects, by which it is de-
signed to make the work useful to mathematical students, not only in the
Universities, but in the higher classes of public schools.

SCIENCE.

A/RY.—POPULAR ASTRONOMY. With Illustrations. By G. B.
AIRY, Astronomer Royal. Sixth and Cheaper Edition. 18mo.
cloth, 4s. 62.

‘‘ Popular Astronomy in general has many manuals ; but none of them super-
sede the Six Lectures of the Astronomer Royal under that title. Its
speciality is the direct way in which every step isreferred to the observatory,
and in which the methods and instruments by which every observation is
made are fully described. This gives a sense of solidity and substance to

astronomical statements which is obtainable in no other way.”—Guardian.

GEJK7TE.—ELEMENTARY LESSONS in PHYSICAL GEO-
LOGY. By ArcHIBALD GEIKIE, F.R.S., Director of the Geo-
logical Survey of Scotland. [Preparing.
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HUXLEY.—LESSONS in ELEMENTARY PHYSIOLOGY.
With numerous Illustrations, By T. H. HuxLEY, F.R.S., Pro-
fessor of Natural History in the Royal School of Mines. Second
Edition. 18mo. cloth, 4s. 64.

“Itis a very small book, but pure gold throughout. There is not a waste
sentence, or a superfluous word, and yet it is all clear as daylight. It
exacts close attention from the reader, but the attention will be repaid by
a real acquisition of knowledge. And though the book is so small, it
manages to touch on some of the very highest problems. . . .. The whole
book shows how true it is that the most elementary instruction is best
given by the highest masters in any science.”—Guardzarn.

‘“ The very best descriptions and explanations of the principles of human

physiology which have yet been written by an Englishman.”—Saturday
Review.

LOCKYER.—ELEMENTARY LESSONS in ASTRONOMY.
With Coloured Diagram of the Spectra of the Sun, Stars, and
Nebulz, and numerous Illustrations, By J. NORMAN LOCKYER,
F.R.A.S. 18mo. 5s. 6d.

OLIVER.—LESSONS IN ELEMENTARY BOTANY. With
nearly Two Hundred Illustrations. By DANIEL OLIVER, F.R.S.,
F.L.S. Third Thousand. 18mo. cloth, -4s. 64.

‘“ The manner is most fascinating, and if it does not succeed in making this
division of science interesting to every one, we do not think anything can.
. «. . Nearly 200 well executed woodcuts are scattered through the text,
and a valuable and copious index completes a volume which we cannot
praise too highly, and which we trust all our botanical readers, young and
old, will possess themselves of ."—Popular Science Review.

“To this system we now wish to direct the attention of teachers, feeling
satisfied that by some such course alone can any substantial knowledge of
plants be conveyed with certainty to young men educated as the mass of
our medical students have been. We know of no work so well suited to
direct the botanical pupil’s efforts as that of Professor Oliver’s, who, with
views so practical and with great knowledge too, can write so accurately -
and clearly.”—Natural History Review.

ROSCOE.—LESSONS in ELEMENTARY CHEMISTRY, In-
" organic and Organic. By HENRY Roscog, F.R.S., Professor
of Chemistry in Owen’s College, Manchester. ~With numerous
Illustrations and Chromo-Litho. of the Solar Spectra. Ninth
Thousand. 18mo. cloth, 4s. 64.

It has been the endeavour of the author to arrange the most important facts
and principles of Modern Chemistry in a plain but concise and scientific
form, suited to the present requirements of elementary instruction. For
the purpose of facilitating the attainment of exactitude n the knowledge of
the subject, a series of exercises and questions upon the lessons have been
added.” The metric system of weights and measures, and the centigrade
thermometric scale, are used throughout the work.

““ A small, compact, carefully elaborated and well arranged manual.”—
Spectator.
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MISCELLANEOUS,

ATLAS of EUROPE. GrLoBe EpIiTioN. Uniform in size with
Macmillan’s Globe Series, containing 48 Coloured Maps, on the
same scale Plans of London and Paris, and a copious Index,
strongly bound in half-morocco, with flexible back. 9s.

NoTice.—This Atlas includes all the Countries of Europe in a Series of
Forty-eight Maps, drawn on the same scale, with an Alphabetical Index to
the situation of more than 10,000 Places; and the relation of the various
Maps and Countries to each other is defined in a general Key-Map.

The identity of scale in all the Maps facilitates the comparison of extent and
distance, and conveys a just impression of the magnitude of different
Countries. The size suffices to show the Provincial Divisions, the Rail-
ways and Main Roads, the Principal Rivers and Mountain Ranges. As
a book it can be opened without the inconvenience which attends the use
of a folding map.

“In the series of works which Messrs. Macmillan and Co. are publishing
under this general title (Globe Series) they have combined portableness
with scholarly accuracy and typographical beauty, to a degree that is
almost unprecedented.” Happily they are not alone in employing the
highest available scholarship in the preparation of the most elementary
educational works ; but their exquisite taste and large resources secure an
artistic result which puts them almost beyond competition. This little
atlas will be an invaluable boon for the school, the desk, or the traveller’s
portmanteau.”—British Quarterly Review.

BATES and LOCKYER.—A CLASS BOOK of GEOGRAPHY,
adapted to the recent Programme of the Royal Geographical
Society. By H. W. BATES and J. N. LoCcKYER, F.R.A.S.

[ 77 the Press.

CAMEDOS from ENGLISH HISTORY. From Rollo to Edward II.
By the Author of ‘‘ The Heir of Redclyffe.” Extra fcap. 8vo. 5s.

“Contains a large amount of information in a concentrated form, and so
skilfully and well is the adventurous, personal, and dramatic element
brought out, that any boy of intelligence will find these narratives as
fascinating as the most exciting fiction ever penned.”—London Review.

EARLY EGYPTIAN HISTORY for the Young. With Descriptions
of the Tombs and Monuments. New Edition, with Frontispiece.
Fcap. 8vo. 35s.

‘“ Written with liveliness and perspicuity.”—Guardian.
persp

‘ Artistic appreciation of the picturesque, lively humour, unusual aptitude for
handling the childish intellect, a pleasant style, and sufficient learning,
altogether free from pedantic parade, are among the good qualities of this
volume, which we cordially recommend to the parents of inquiring and
book-loving boys and girls.”—A tkeneum.

““ This 1s one of the most perfect books for the young that we have ever seen.
We know something of Herodotus and Rawﬁnson, and the subject is cer-
tainly not new to us; yet we read on, not because it is our duty, but for very
pleasure. The author has hit the best possible way of interesting any one,
young or old.”—Literary Churchman.
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HOLE.—A GENEALOGICAL STEMMA of the KINGS of ENG-
LAND and FRANCE. By the Rev. C. HOoLE. In One Sheet.
Is.

— A BRIEF BIOGRAPHICAL DICTIONARY. Compiled and
Arranged by CHARLES HoLE, M. A., Trinity College, Cambridge.
Second Edition, 18mo., neatly and strongly bound in cloth,
4s. 6d.

The most comprehensive Biographical Dictionary in English,—containing

more than 18,000 names of persons of all countries, with dates of birth and
death, and what they were distinguished for. i

¢ An invaluable addjtion to our manuals of reference, and from its moderate
price, it cannot fail to become as popular as it is useful.”—ZZszes.

¢ Supplies a universal want among students of all kinds. It is a neat, com-
act, well printed little volume, which may go into the pocket, and should
on every student’s table, at hand, for reference.”—G/lobe.

HOUSEHOLD (A) BOOK OF ENGLISH POETRY. Selected
and arranged, with Notes, by R. C. TRENCH, D.D., Archbishop of
Dublin. Extra fcap. 8vo. 5s. 6d.

‘“ Remarkable for the number of fine poems it contains that are not found in
other collections.”—ZE xpress. ’

‘“The selection is made with the most refined taste, and with excellent
judgment.”—Birmingham Gazetle.

FEPHSON.—SHAKESPEARE’S TEMPEST. With Glossary and
Explanatory Notes. By the Rev. J. M. JEPHSON. 18mo. I1s. 64,

¢ His notes display a thorough familiarity with our older English literature,

and his preface is so full of intelligent critical remark, that many readers

will wish that it were longer.” ?

—Guardian.

OPPEN.—FRENCH READER. For the use of Colleges and
Schools. Containing a Graduated Selection from Modern Authors
in Prose and Verse; and copious Notes, chiefly Etymological.
By EbwARD A. OPPEN. Fcap. 8vo. cloth, 4s. 64.

“ Mr. Oppen has produced a French Reader, which is at once moderate yet
full, informing yet interesting, which in its selections balances the moderns
fairly against the ancients. . . . . The examples are chosen with taste and
skill, and are so arranged as to form a most agreeable course of French
reading. An etymological and biographical appendix constitutes a very
valuable feature of the work.”—Birmingham Daily Post.

A SHILLING BOOK of GOLDEN DEEDS. A Reading-Book for
Schools and General Readers. By the Author of ‘“The Heir of
Redclyffe.” 18mo. cloth.

““To collect in a small handy volume some of the most conspicuous of these
(examples) told in a graphic and spirited style, was a happy idea, and the
result 1s a little book that we are sure will be in almost constant demand in
the parochial libraries and schools for which it is avowedly intended.”—
Educational Times.
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A SHILLING BOOK of WORDS from the POETS. By C. M.
VAUGHAN. 18mo. cloth.

THRING.—Works by Edward Thring, M.A., Head Master of
Uppingham :—

& THE ELEMENTS of GRAMMAR taught in ENGLISH.
With Questions. Fourth Edition. 18mo. 2s.

— THE CHILD’S GRAMMAR. Being the substance of ¢“The
Elements of Grammar taught in English,” adapted for the use of
Junior Classes. A New Edition. 18mo. 1Is.

The author’s effort in these two books has been to point out the broad,
beaten, every-day path, carefully avoiding digressions into the bye-ways
and eccentricities of language. This work took its rise from questionings
in National Schools, and the whole of the first part is merely the writing
out in order the answers to questions which have been used already with
success. Its success, not only in National Schools, from practical work
in which it took its rise, but also in classical schools, is full of encourage-
ment.

— SCHOOL SONGS. A collection of Songs for Schools. With
the Music. arranged for Four Voices. Edited by the Rev. E.
THRING and H. Riccius. Folio. 7s. 6d.

DIVINITY.

EASTWOOD.—THE BIBLE WORD BOOK. A Glossary of Old
English Bible Words. By J. Eastwoop, M.A., of St. John’s
College, and W. ALDIS WRIGHT, M. A., Tnmty College, Cam-
bridge. 18mo. §5s. 6.

HARDWICK.—A HISTORY of the CHRISTIAN CHURCH.
MIDDLE AGE. From Gregory the Great to the Excommunication
of Luther. By ArRcHDEACON HArRDWICK. Edited by FrRANCIS
ProcTER, M.A. With Four Maps constructed for this work by
A. KEITH JoHNSTON. Second Edition. Crown 8vo. 1os. 6d.

— A HISTORY of the CHRISTIAN CHURCH during the
REFORMATION. By ArRCHDEACON HARDWICK. Revised by
FrANcIS PROCTER, M. A. Second Edition. Crown 8vo. 10s. 64.



22 EDUCATIONAL BOOKS.

MACLEAR.—Works by the Rev. G. F. Maclear, B.D., Head
Master of King’s College School, and Preacher at the Temple
Church :—

— A CLASS-BOOK of OLD TESTAMENT HISTORY. Fourth
Edition, with Four Maps. 18mo. cloth, 4s. 64.

‘A work which for fulness and accuracy of information may be confidently
recommended to teachers as one of the best text-books of Scripture History
which can be put into a pupil’s hands.”—Educational Times.

— A CLASS-BOOK of NEW TESTAMENT HISTORY : in-
cluding the Connection of the Old and New Testament. With
Four Maps. Second Edition. 18mo. cloth. 5. 6.

¢ Mr. Maclear has produced in this handy little volume a singularly clear
and orderly arrangement of the Sacred Story. .. . His work is solidly and
completely done.”—A theneum.

— A SHILLING BOOK of OLD TESTAMENT HISTORY,
for National and Elementary Schools. With Map. 18mo. cloth.

— A SHILLING BOOK of NEW TESTAMENT HISTORY,
for National and Elementary Schools. With Map. 18mo. cloth.

— CLASS BOOK of the CATECHISM: of the CHURCH of
ENGLAND. Second Edition. 18mo. cloth, 2s. 64. A Sixpenny
Edition in the Press.

PROCTER.—A HISTORY of the BOOK of COMMON PRAYER::
with a Rationale of its Offices. By FRANCIS PROCTER, M.A.
Seventh Edition, revised and enlarged. Crown 8vo. 10s. 64.

In the course of the last twenty years the whole question of Liturgical know-
ledge has been reopened with great learning and accurate research, and it
is mainly with the view of epitomizing their extensive publications, and
correcting by their help the errors and misconceptions which had obtained
currency, that the present volume has been put together.

— AN ELEMENTARY HISTORY of the BOOK of COMMON °
PRAYER. By Francis PROCTER, M.A. Second Edition.
18mo. 2s. 6d.

The author having been frequently urged to give a popular abridgment of
his larger work in a form which should be suited for use in schools and for
general readers, has attempted in_this book to trace the History of the
Prayer-Book, and to supply to the English reader the general results which
in the larger work are accompanied by elaborate discussions and references
to authorities indispensable to the student. Itis hoped that this book may
form a useful manual to assist people generally to a more intelligent use of
the Forms of our Common Prayer.

PSALMS of DAVID Chronologically Arranged. By FOUR FRIENDS.
An amended version, with Historical Introduction and Explanatory
Notes. Crown 8vo., 10s. 64.

“It is a work of choice scholarship and rare delicacy of touch and feeling.”
—Britisk Quarterly. :
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RAMSAY.—THE CATECHISER’'S MANUAL; or, the Church
Catechism illustrated and explained, for the use of Clergymen,
Schoolmasters, and Teachers. By ARTHUR RamsAy, M.A.
Second Edition. 18mo. Is. 6.

SIMPSON.—AN EPITOME of the HISTORY of the CHRIST-
IAN CHURCH. By WiLLiam SiMPsoN, M.A. Fourth -
Edition. Fcap. 8vo. 3s. 6d.

SWAINSON.—A HAND-BOOK to BUTLER’'S ANALOGY.
By C. A, SwaiNsoN, D.D., Norrisian Professor of Divinity at
Cambridge. Crown 8vo. Is. 6d.

WESTCOTT.—A GENERAL SURVEY of the HISTORY of the
CANON of the NEW TESTAMENT during the First Four
Centuries. By BrROOKE Foss WESTCOTT, B.D., Assistant Master
at Harrow. Second Edition, revised. Crown 8vo. 10s. 6d.

The Author has endeavoured to connect the history of the New Testament
Canon with the growth and consolidation of the Church, and to point out
the relation existing between the amount of evidence for the authenticity
of its component parts and the whole mass of Christian literature. Such a
method of inquiry will convey both the truest notion of the connexion ot
the written Word with the living Body of Christ, and the surest conviction
of its divine authority.

— INTRODUCTION to the STUDY of the FOUR GOSPELS.
By BrookxE Foss WEestcort, B.D. Third Edition. Crown
8vo. 10s. 64.

This book is intended to be an Introduction to the S#xdy of the Gospels. In
a subject which involves so vast a literature much must have been over-
looked ; but the author has made it a point at least to study the researches
of the great writers, and consciously to neglect none.

— THE BIBLE in the CHURCH. A Popular Account of the
Collection and Reception of the Holy Scriptures in the Christian
Churches. Second Edition. By Brooxk Foss WEesTcorT, B.D.
18mo. cloth, 4s. 64.

¢ Mr. Westcott has collected and set out in a popular form the principal facts
concerning the history of the Canon of Scripture. The work is executed
with Mr. Westcott’s c! cteristic ability.”— Yowurnal of Sacred Literature.

WILSON.—AN ENGLISH HEBREW and CHALDEE LEXI-
CON and CONCORDANCE to the more Correct Understanding
of the English translation of the Old Testament, by reference to
the Original Hebrew. By WiLLiam Wirson, D.D., Canon of
Winchester, late Fellow of Queen’s College, Oxford. Second
Edition, carefully Revised. 4to. cloth, 25s.

The aim of this work is, that it should be useful to Clergymen and all per-
sons engaged in the study of the Bible, even when they do not possess a

knowledge of Hebrew ; while able Hebrew scholars have borne testimony
to the help that they themselves have found in it.
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ARNOLD.—A FRENCH ETON ; or, Middle-Class Education and
the State. By MATTHEW ARNOLD. Fcap. 8vo. cloth. 2s. 64,

A very interesting dissertation on the system of secondary instruction in
France, and on the advisability of copying the system in England.”—
Saturday Review.

— SCHOOLS and UNIVERSITIES on the CONTINENT. 8vo.
10s. 64,

BLAKE.—A VISIT to some AMERICAN SCHOOLS and COL-
LEGES. By SoPHIA JEX BLAKE. Crown 8vo. cloth. 6.

¢ Miss Blake gives a living picture of the schools and colleges themselvcs,‘in
which that education is carried on.”—Pall-Mall Gazette.

¢¢ Miss Blake has written an entertaining book upon an important subject ;
and while we thank her for some valuable information, we venture to
thank her also for the very agreeable manner in which she imparts it.”—
Athenwum.

‘“We have not often met with a more interesting work on education than
that before us.”—Educational Times.

ESSAYS ON A LIBERAL EDUCATION." By CHARLES STUART
PARKER, M.A., HENRY SIDGWICK, M.A., LorD HOUGHTON,
Joun SEELEY, M.A., REV. F. W. FARRAR, M.A., F.R.S., &c.,
E. E. BoweN, M.A., F.R.A.S., J. W. HaLes, M.A,, J. M.
WiLsoN, M.A., F.G.S,, F.R.A.S., W. JounsoN, M.A. Edited
by the Rev. F. W. FARRAR, M.A,, F.R.S,, late Fellow of Trinity
College, Cambridge ; Fellow of King’s College, London ; Assist-
ant Master at Harrow ; Author of ‘‘Chapters on Language,” &c.,
&c. Second Edition. 8vo. cloth, 10s. 64.

FARRAR.—ON SOME DEFECTS IN PUBLIC SCHOOL
EDUCATION. A Lecture delivered at the Royal Institution.
With Notes and Appendices. Crown 8vo. Is.

THRING.—EDUCATION AND SCHOOL. By the Rev. EDWARD
THRING, M.A., Head Master of Uppingham. Second Edition.
Crown 8vo. cloth. 6s.

YOUMANS.—MODERN CULTURE: its True Aims and Require-

~ ments. A Series of Addresses and Arguments on the Claims of
Scientific Education. Edited by EDWARD L. YoumaNns, M.D.
Crown 8vo. 8s. 6d.

CAMBRIDGE (—PRINTED BY JONATHAN PALMER.
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