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PREFACE.

AvtHouaH this little Manual is quite elementary in its
character, my aim has been to make it precise rather
than popular in its language, and I have therefore
entered on certain points which will probably present
some difficulty to the beginner. I trust, however, that a
reader of intelligence will be able, with a little attention,
to follow the explanations given, brief though they are.
In order to avoid circumlocution, I have found it neces-
sary to introduce a few technical terms, which are ex-
plained in the text, and of which the reader will do well
to grasp the meaning thoroughly, as any confusion on
such points will add greatly to his difficulties afterwards.

In every case I have taken the numerical data given
in this little book from the latest original sources,
putting them into the form which appeared to me to
give the clearest idea of the relations of the Solar and
Sidereal Systems. With this object I have avoided, as
far as possible, the use of large numbers, which simply
bewilder theimagination ; and have endeavoured fo express
the proportions of the quantities involved, choosing the
unit best adapted to the immediate object in view, and
omitting all unnecessary figures. It is only by gradual
steps that man can rise to the conception of the distances
of the stars. ‘

Some of the questions discussed are still to a certain
extent open, but they are among the most interesting in
Astronomy ; and my aim has been not only to give facts
but also to suggest further enquiry-on the part of the
reader—and though some few results are not altogether
free from doubt, I trust that he may have but little to
unlearn when he enters more deeply into the subject.

W. H. M. CHRISTIE.
BLACKHEATH, May, 1875. )
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ELEMENTARY ASTRONOMY.

——

CHAPTER I.

Tae most casual observation suffices to show us that
the Sun rises in the east, gets gradually higher till it
reaches its greatest elevation in the south,* when -it
begins to sink, finally setting in the west only to rise
again in the east and perform the same round next day.
If we turn to the stars at night we shall find some-
thing similar, but on examining more closely it will be
seen that some of them are longer above the horizon
than others, and that certain stars never set but remain
constantly in view. If we watch these latter we shall
find that there is one star which hardly changes its
position, keeping constantly at nearly the same height,
whilst the other stars appear to circulate round it at
different distances. This star is called the Pole-star,
for a reason which will presently be apparent. Now
amidst all this diversity of movement there is one
feature which is common to all, it is that every star
returns to the same position after the lapse of twenty-
four hours, and in this interval it will have described a
circle. This latter fact may be rudely verified as
follows :—Joint two rods together like a pair of com-
8 and rest one of them in forks so placed that it
points to the Pole-star, then if the other rod be
pointed to any other star it may be made to follow the
star in its course by simply turning the first rod round
in its forks, without altering the opening of the joint.
* The reader is supposed to be in Europe, or other northern

countries. For southern countries it will be sufficient to substitute.
south for north,



APPARENT MOTIONS OF THE STARS. 5

The motion will be thus like that of g pair of compasses,
one leg of which is kept in an upright position as it
turns. The second leg will, under these circumstances,
describe a circle, a8 may be seen by running the upright
leg through a sheet of cardboard (or stiff paper) held
horizontally at such a height that the other leg, as it
sweeps round, just touches it. ,

If we look a little more closely we shall find that the
fixed rod will not continue to point exactly to the Pole-
star all through its course, and that if we direct the rod
in the forks to a point which is mid-way between the
highest and lowest and the most easterly and westerly
positions of the Pole-star, we shall get a point about
which this star (as well as all others) describes a eircle,
the other leg of our compasses following it exactly
in its motion by simply turning about the fixed leg.*
This point is called the Pole of the heavens, and the
daily motion of the stars may be represented almost .
exactly by supposing them (as the Ancients did) to be
fixed in & hollow globe which spins once in twenty-four
hours round an axis passing through the pole, so that
the stars would in that time describe circles of different
sizes, but all having their centres at the pole. But
though this represents the movements of the stars, such
a crystal sphere can have no real existence, for we shall
presently see that the Sun is more than ninety millions
of miles off, and the nearest of the stars are hundreds
of thousands of times that tremendous distance from
us, and a material sphere of that size spinning round
once a day is of course quite out of the question.
We are thus led to conclude that the diurnal motions
of the stars cannot be real, but are only apparent,
arising from our own movement in an opposite direc-
tion, just as when we spin rapidly round in one direction,

. e ol m; !
s to ullom any stk 1 1t dasly aotion by tmply. tovmivE sbons
the other leg (which is then the Polar Axis) is termed an
Equatorial. e turning of the axis may be effected by means of

clock-work, and the telescope will then continue to point to the
star for a length of time, during which it can be steadily gazed at.
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the - chairs, 'tables, and other objécts’ in the room all
d@ppear to ttrn round at the same rate but the opposite
way, the part of the ceiling directly overhead being the
onl 'point which appears stationary, just like the pole

e heavens. And this gives us some clue as to what
Our real movement and that of the earth, on which we
stand, must be. The earth must be’ spmnmg round an
imagmary axis, pomtmg nearly in the direction of the
Pole-star, and carrying us and all terrestrial objects
round - w1th it once in twenty-four hours. But if we
aceept this explanation, how will the shape of the earth
accord with such a motion ? The portion of the earth
which we can see at any one time appears a flat (or
undulating) plain, bounded by a line—the horizon—
where the sky seems to meet it; but we must not
hastily conclude from this that the whole earth is a flat
plain, for what we see is only a perspeetive view of a
very small portion. If we look out over an ge of
sea (which is free from the irregularities of the land)
it will be easy to assure ourselves that it is not really a
plane,* for ships appear to sink lower and lower as
they move away from us, so that first the hull and then
the lower sails are cut off by the sea between us and
the ship, whilst on ascending a cliff the Iower sails
and hull again’ come into sight. This shows that the
surface of the sea is really curved (convex), for we
know that objects disappear behind an undulation of
the ground in exactly the same way, and that by
acending a hill they come into view again. as soon ‘as
the 'visual line from the object to our eye clears the
top of the swell in the ground.

‘There is another circumstance which now helps us
matenally in finding the shape of the earth. Wherever
we are, whether on the top of a mountain or on board
a sh:.p at gea, the porhon of the-earth which we ean

* A plane is a flat surface, hkeanextremelythinsheetof papet,
or the surface of a table, but of unlimited extent. Thus the plane
of a circle is the flat surface in which the circle lies, boundlees in
every direction,
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806, always appears a.cirele ; though when we are at 4
considerable. height, this circle. seems much smaller,
whilst we really. see a larger portion of the earth’s
sarface. Now the only figure with which weé are ac:
quainted which appears circular from all points of view
and at all distances is a globe, and further, we know
that this seems to grow smaller as we remove the eye
from near its surface, whilst the actual portion of it
which we see is really larger. This may readily be
verified by means of a terrestrial globe or a large ball,
but it must be remembered that in the actual case the
distafice from the earth’s -surface. to which we can get
wonld be represented on.an 18-inch globe- by about
the thickness, of a sheet of paper. From all this we
infer that the earth is a globe, which rotates about
an.axis nearly in the direction of the Pole-star, and
this conclusion is supported by what is observed of the
motions of the stars in other countries. Any one who
makes a voyage to southern latitudes will observe that
the pole about which the stars revolve, while keeping
the:same position near the Pole-star, appears to sink
as he journeys south, in consequence of which those
stars, which are only just visible in these climes in the
southern horizon, get higher and higher, and new con-
stellations come into sight. -This goes on till the Pole-
star sinks in the northern horizon, when it is seen that
there are really two poles about which the heavens
appear to turn, one on the northern and one on the
southern horizon; from which it is clear that the
direction of the axis of motion is in the horizontal plane.
The point of the earth at which this is the case is said
to be in the equator, because it is equidistant from the
two "poles of the earth. The celestial equator is a
great circle,* of which the plane is parallel to the
earth’s equator, and which, therefore, lies half-way

*: A great circle of a sphere (or globe) is one of which the plane
passes through the centre of tle sphere, dividing it into two equal
parts or hemispheres, A small circle divides the sphere into two
unequal parts, .
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between the poles of the heavens. It is advisable
here to distinguish clearly between the pole of the
heavens and the pole of the earth. The former is
simply the direction of the line about which the stars
appear to turn, or about which the earth really turns,
whilst the latter is the extremity of the axis through
the earth’s centre about which it turns, and it has,
therefore, a definite position on the earth as well as a
definite direction in space. As there are two ends to
a straight line, there are of course two poles, which
are distingnished as north and south. To return to
our traveller. After crossing the equator he will find
that the southern pole (though it is not distinguished
by any bright star near it like the Pole-star) rises
higher and higher till it reaches the same height
above the southern horizon as the north pole had
originally above the northern, when the traveller has
traversed the same distance south of the equator as
he had previously done before reaching it; and he will
further have remarked that the north pole sinks, or the
south pole rises, through an angle of one degree*
for every seventy miles he travels south.

All this is exactly what we should expect if the earth
be a globe spinning about an axis, for in this case this
axis, being in the direction of the pole of the heavens,
would remain fixed among the stars, whilst the horizon
(which is the direction of the surface where the spec-
tator is) would change as the observer moved, so that
instead of the Pole-star approaching the horizon, it is
really the horizon which approaches the direction of the
Pole-star. At the equator the Pole-star will be in the
horizon, and will rise one degree for every 70 miles we
travel north (owing to the tilting of the horizon),
until at the pole, after having travelled over 6,200
miles, it would be 90° high, or in the zenith.t Hence

* A right angle, which is the angle of a square or that formed by
two perpendic lines, is dmd into ninety equal parts, called
degrees, ninety degrees being usually written thus—90°,

1 The point directly overhead.



SIZE OF THE EARTH. 9

the circumference of the earth, which is four times the
distance from the equator to either pole, is 25,000
miles about, and the diameter 7,900 miles, the circum-
ference of a circle being about 3} fimes its diameter
(more exactly 8:1416). BStrictly speaking the earth is
not a perfect globe, but more like an orange, bulging
out slightly at the equator, a result of its spinning
round so rapidly, which tends to throw the particles at
the equator off, like water from a mop. The amount of
this bulging is however very small, being only 18} miles.
As a point on the earth’s equator moves round in a circle
of the above size in one day, it must be moving at the
rate of over 1,000 miles an hour, or 1,500 feet a second,
which is more than the speed of a cannon ball. This
motion is so smooth, however, that we feel nothing of
it, as all the objects round us on the earth (including
the atmosphere) move together with ourselves. But if
it were not for the attraction of the vast mass of the
earth, which pulls all bodies towards its centre (making
a stone thrown up in the air fall back to the surface),
we should fly off just as a stone whirled round in a
sling does when the pull of the string is let go. It
may seem very difficult to believe that we can really be
moving at such an enormous speed, but unless we
admit this motion we must suppose the stars to be
swung round us with a velocity many million times
greater ; and, besides this, there is direct proof that
the earth is moving in the way we have explained.
This is given by the gyroscope, which is nothing but a
top with a heavy dise, suspended in gymbals, so that
it is free to turn in any direction. When this is set
spinning rapidly, it requires great force to twist it out
of its direction, as any one may readily experience with
the ordinary toy gyroscopes. If left to itself, then, we
know that its axis will continue to point in the same
direction, and as it appears to follow a star, to which
it is once pointed, in its daily course from rising to
setting, we may conclude that the star is really fixed,
and the motion which it appears to have in common
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with the gyroscope is really caused by the spinning of
the: earth about its axis once in every twenty-four hours.
From what precedes, wesee that the elevation of the
pole measures the distance of the observer from.the
equator, and this is called the latitude of the place,
north or south, as the north or south pole of the
heavens is elevated. This Ilatitude is measured in
degrees, the distance from ejther pale to the equator
being ninety degrees, or, in other words, the latitude
of the pole is 90°. The equator, being the line formed
by all points which are equidistant from the two poles,
will be a eircle, and, further, all places which have the
same latitude, being at the same distance from the pole,
will lie on a eirele parallel to the equator ; this is called
a cirele of latitude. Thus when we say that a place
has a certain latitude, we fix its position so far as to
gottle that it lies somewhere on a certain circle, which
is determined by measuring the elevation of the pole.
This is readily done ; for the pole lies midway be-
tween the highest and lowest positions of the Pole-star,
being at the centre of the circle which this star de-
seribes, and it is only necessary to measure the an-
gular elevations above the horizon of this star at its
highest and lowest points by means of a divided circle.
The same method would answer equally well if applied
to. any other star tolerably near the pole. But to fix
the position of any place on the globe it is necessary to
know whereabouts on the circle of latitude it lies, and
_ this is practically a more difficult matter, and one that
requires for its determination, astronomically, the in-
troduction of a new element—time. For the mea-
surement of time uniform motion is required, dnd
this condition is secured more or less perfectly in the
motion of the hands of a clock under the eontrol of a
pendulum, or of a watch or chronometer regulated by
the balance and its spring ; but the rotation of the
earth supplies us with the only perfect timekeeper with
which we are acquainted, and the apparent movement
of the stars resulting from it, really serves to regulate
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all-our dlocks and watches. "In fact the heaveny may,
fori' this- purpose, 'be compared to one of those lamp
clocks in which the globe turns round and brings the
hours painted on it up to an index. The stars re-
present the hours and minutes, though not placed at
regular intérvals : but where are we to find the index
which is to tell us the time ? ~ We must look for this
in the movements of the stars themselves. We saw
that they describe circles about the pole, so that
their paths are tilted with reference to the horizon ; the
highest point of the star’s course will evidently be a
convenient point at which to fix our index, and a little
eonsideration will show' that the highest point of each
circle will be where it meets a vertical plane through
the north and south points (or, in other words, through
the zenith and pole), for the leg of the compasses, of
which we-have spoken before, and which we suppose
to follow the course of any star, will evidently reach
its highest poini when the plane formed by the two legs
(one of which points to the pole) i8 vertical. This plane
then, which is called the meridian, may be taken as our
index. Though. this is only an imagmary index it can
be used as readily as if it really existed in the heavens,
by simply mounting a telescope on trunnions, like a
gun, and ‘making it swing vertically, north and south,
8o as, at the proper elevation, to point exactly to the
pole.* When such a telescope points exactly to any
star,'we know that the star has-come up to the index,
and when it next comes up to this position we know
that exactly twenty-four hours have elapsed, and'if our
elock ‘does not indicate the same time as before, we
know at once' that it has gained or lost so much in the
day. It is thus easy to- find how our cloek is going ;
but to tell the time at any instant it is necessary to

*A telesoope s0 mounted is called a transxt instrument, For
g;ea accuracy it is provided with cross wires (or spider webs)

edattheplacewherethezmagemfotmed s0 as to mark the
centre of the field, These cross wires being seen at the same time
as the star, enable us to judge when the telescope is pointed exactly
toit.
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know the intervals at which the stars are placed on our
celestial clock, and this can best be done by noting
with our clock the difference of times between the
arrival of pairs of stars at the index (their meridian
passage or transit as it is called) and correcting this
for the proportional gain or loss of the clock in the
interval, on the assumption that it has gone uniformly
for twenty-four hours; by repeating such observations
a great many times and taking the average, the irregu-
larities of the clock will, on the whole, nearly balance,
and an accurate measure of the interval of transit of
each pair of stars be arrived at. Thus taking any par-
ticular star as our starting point for 0%, we can easily
find the time at any other part of the twenty-four hours.
But it is more convenient for purposes of ordinary
life to take the sun as our starting point, though on
account of his irregular apparent motion among the
stars (which will be discussed more fully in the next
chapter), he does not make quite such a good clock as
the stars, gaining at certain parts of the year and
losing at others, so that we must make allowance for his
being so0 many minutes fast or slow, just as with an
ordinary clock. The time at which the sun comes up
to our index is called apparent noon, and if we make
allowance for his being fast or slow, we readily get the
instant of mean noon (as it is called) at which our
clocks ought to point exactly to O®.

'We may now proceed with the question of longitnde.
For convenience of illustration we compared the heavens
to a globe which turned round and brought the hours
up to a fixed index, but really it is the celestial globe
which is fixed and the index or meridian which moves.
Now let us take two places with two different indexes,
or meridians, which, by the rotation of the earth, are
brought up successively o the Sun, giving the instants
of noon for the two places respectively. When it is
noon for the second place the Sun will be west of the
meridian at the first, and the time that has elapsed
since the Sun was in the meridian of the first place,
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will be the same part of the time between successive
returns of the Sun to this meridian, as the angle turned
through by the earth to bring the second meridian up
to the Sun (from the position for noon at the first
station), is of the angle turned through from one noon
to the next. ‘The same would hold for the stars, moon,
or planets, and the difference of longitude of the two
places will be the same part of 24", if expressed in time,
or of 860° if expressed in angular measure. The
longitude of a place, then, is nothing but the difference
between its time and that of the place selected as our
starting point (Greenwich for Englishmen), so that
having the means of determining local time (e.g., noon)
at any place (as explained above) what is wanted is a
means of knowing Greenwich time. We may mention
here two ways of obtaining this knowledge, reserving
that which depends on the motion of the moon, and
which is so extensively used at sea, for a future
chapter. The first method to which we shall refer
makes use of chronometers. Thanks to the improve-
ments effected in its construction, under the stimulus
of large rewards offered by the Government of this
country, this refined form of watch may be relied on
to give Greenwich time within two or three seconds
(corresponding to about half a mile in the deduced
longitude) after a voyage of a week or ten days, so
that the longitude may be found to that degree of
aceuracy after a short voyage. But there is another
method of far greater accuracy which has been intro-
duced of late years wherever the telegraph extends to.
In this method Greenwich time is obtained by a signal
sent from the Royal Observatory at a known instant of
Greenwich time ; such signals are sent out every
morning at 10 a.m., at noon, and at 1* p.m. exactly,
and are distributed all over the United Kingdom by the
Post-office telegraphs, their chief use being to regulate
time on railways and in public buildings.

From what precedes it is clear that the position of any
place on the earth is completely determined when we
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know the cirele of latitude on which it lies, and aldo lite
position on that circle, i.e., its latitude and longitude ;
but the reader has, perhaps, not got a very elear idea of
what is represented by longitude on the earth itself. To
assist him in this, we should explain what is meant by a
meridian on the earth, having already explained what is
the astronomieal meridian of a place. : H we start from
any place and travel due north or due south we shall
always . remain in the same vertical plane throughthe
pole, which will therefore continue to bp our meridian,:
so that all the: places we pass through mll have thar'
noon at the sdame . - bl
instant,. and there t
fore have the’ sam. N
longitude. The lin

along'which we trave

is.called a terrestria

meridian, and, since

we are’ evidently: go .
ing directly townrd .
the pole, all ~meri A
dians” pass ' throng] !
the poles. We may .
therefore, conceiv ;
the earth as divide )
into aseries of circle 2:
of latitude,all parallel '

to the equator, and into a senes of circles of long:tude
or mendm.ns all passing through the polaes; whloh, by
their crossing, define the positions of pla¢eh -on’: the.
earth. These are the lines which are drawn on maps,
though for the sake of clearness only those at :cbn-
venient mtervals are put in ; it .is, however, nececsaty
to imagine a circle of latitude and one of- longitade.
passing . at right angles to each other through- evdry
point: of the map. The figure represents the cirsles:of
latitude drawn for every 10° and the meridians :for.
every. hour, the numbers plaoed between the .meridiains
of I" and .II*represent the number of - miles traversed:
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by places on-the corresponding cnoles of latitude ‘in_
one hour. -

“We have not yet spoken of a very important part of
the earth, and that which, in fact, renders our globe
habitable—its atmosphere. At every point of the sur-
face we find air, which makes its presence felt in
various ways, and which exerts a pressure of 15lbs. on
- every. square inch of surface of a vessel from which the
air- has been exhausted. This pressure can be mea--
sured accurately by the mercarial barometer;, an instru-
ment in which the pressure of the air on the mouth :of
& vertical tube, closed at the upper end and exhausted
of air, is balanced by the weight of mercury which it-
will hold suspended. It is in this way found that the
pressure at the sea level is the same at all parts of the
earth, being equal to the weight of a column of mer-
cury about 80 inches high, and having the same section
as the surface on which the pressure is exerted, which
corresponds to a column of air of the same density
throughout as that at the surface, and 27,000 feet, or
about five miles high. But on rising above the sea level,
whether in ascending a mountain or in a balloon, we soon
find that the pressure decreases less rapidly than would be
the case if the atmosphere remained of the same density
as at the surface : thus we have to ascend to 2,850 feet to
get through the first tenth of the atmosphere through
3,200 feet more to get through the next tenth; through
8,650 feet more for the third tenth, and 4,250 feet
more for the fourth tenth, and so on. In thxs way’
it would -require an ascent of about 18,000 feet to pass
through the lower half of the atmosphere (a8 measured
by its weight) and an ascent of about 80,000 feet to
traverse the lower two-thirds, starting in each case from
the sea level. Since the pressure of the atmosphefe is
due to the weight of the superincumbent air, it is easy
to see that the air gets lighter; and therefore less dense,
as we ascend, and this is in perfect accordance with
the law that elastic gases expand, and so become rare-
fied, as. the pressure i diminished. Thus we see that
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the earth is surrounded by a shell of air in contact with
it, and decreasing in density as we proceed outwards,
so that at a height of less than 10 miles it is too rare
to be capable of supporting human life. Small though
the extent of our atmosphere is, as compared with the
size of the earth, it modifies in a wonderful degree
the climate of our globe, and further gives rise to
two important astronomical phenomena—refraction and
twilight. When a ray of light passes from one me-
dium into another which is more dense, it is bent
away from the surface of the dense medium. This is
precisely what happens when a ray from a heavenly
body enters our atmosphere from outer space; and as

.~
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REFRACTION.

The rays from two stars coming to the observer at o, along
8,P,0, 8,P,0, are bent downwards in passing through the atmo-
sphere, and reach the observer in the directions of the dotted lines
Q,0, Q,0, along which the two stars are seen.,

the layers get more and more dense, it gets more and
more bent away from the surfaces of the layers (which
are parallel to the horizon) in its passage through the
atmosphere to the earth’s surface. Thus the rays
from a star which entered the atmosphere in a certain
direction sp will, when they reach us, have a direc-
tion qo further away from the horizon, and as the
star ig seen in the direction, which the rays from it have
when they fall on our eyes, it will appear higher than
its true position, owing to the effect of the atmosphere.
This effect is called refraction, and its amount is greater
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the nearer the body is fo the borizon. The consequence
of this is that the northern stars do not appear to
describe exact circles about the pole; the lower half of
their course being very slightly flattened, as they are
raised more by refraction in the part near the horizon
than when they are higher in the upper half of their
paths. This effeet is, however, in most cases very
slight, not being perceptible to the naked eye, and
when allowance is made for it the diurnal ares are
found to be true circles. - Another effect of refraction
is that the day is lengthened at.the expense of the
night; for when the -sun is really on the horizon, he is
gpparently raised above it by more than his own
diameter, and-has, therefors, this space further to travel
before he sets, causing a-delay of about 2™. Similarly
his riging is hastened, so that the day is lengthened by
some. 4™, But twilight has a far more important effect
for practical purposes on the duration of daylight, for
after -the Sun has set he still continues to illumine
the clouds and: upper ‘regions of the atmosphere, and
this light is reflected irregularly in all directions, some
of it reaching that part of the earth which would other-
wise be in absolute darkness after the Sun had set. It
ig foynd by observation that twilight ceases to be per-
eoptible when the Sun is more than 18° below the horizon,
and it results from this, that at a height of 50 miles,
or about an eightieth part of the earth’s radius, the
atmosphere is too rare to sustain particles capable of
geattering the sun’s light. As the duration of twilight
is ‘simply the time taken by the Sun to descend 18° be-
low the horizon, it follows that twilight is much shorter
in tropical countries, where the Sun descends perpen-
dicularly to the horizon, than in polar regions, where his
.eourse 18 oblique, the pole being considerably elevated
and the equator much inclined to the horizon. The
diffused light of day may be referred to the same cause
as twilight—the scattering of the Sun’s light by particles
of vapour in the air, more especially in the form of
clouds. , - ' o
B
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CHAPTER 1II.

In the last chapter the apparent diurnal movement of
the heavens (in which all the heavenly bodies partake)
about the pole was dealt with; it is now time to treat
of the apparent motions of some of these bodies among
the stars, which, though much smaller in amount than
the diurnal movement, yet affect it appreciably in certain
cases. We will begin with the Sun, as its movements
are the most important, and at the same time the
simplest. We have seen that all the heavenly bodies
have a diurnal motion about the pole in the direction in
which a right-handed screw would be turned to serew it
in at the north pole, or in the direction of the hands of
a watch, which faces the north pole ; and the Sun, Moon,
and planets bave the same general motion, though very
slightly altered in amount by their apparent motions
among the stars. If an observer notes at midnight the
position of any bright star (south of the zenith), he will
find at midnight a fortnight after, that it has got con-
siderably to the west of its former position, and that it
really was in that place an hour earlier, or at eleven
o'clock. It is therefore evident that the stars have
gained an hour on the clock, or, what comes to the
same thing, that the clock has lost an hour on the stars.
But the clock is regulated by the Sun, so that the Sun
has been lagging behind the stars, or moving eastward
among them at the rate of 4™ a day, or of an hour
nearly in a fortnight. Our observer would find, on
continuing his observations, that another hour was lost
by the clock or gained by the star in the next fortnight,
and so on, till the star finally disappeared in the even-
ing twilight. He could then take another star, and in
thm way would find, as the general result of his observa-
tions, that his clock continued to lose uniformly at the
rate of 4™ a day, and that at the end of one year it
had lost 24 hours, having made the complete tour of
the stars, so that the original star was again in its
original position at midnight. The Sun would thys
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have gone completely round among the stars in one
year, but it would have differed from the clock in
this, that its lagging behind the stars would not have
been uniform from day to day, being, at certain seasons
of the year, rather more than 4™ a day, and at others
rather less. For though our ordinary clocks are regu-
lated primarily by the Sun, they do not indicate Ap-
parent Solar Time, as shown by a sun-dial, but what is
called Mean Solar Time, which is obtained by making &
correction for the irregularity of the Sun’s motion. Itis
this irregularity which we wish now to determime, and
for this purpose we must refer to the stars, which are, as

already explained, our only reliable time-measurers.
But before considering more fully the Sun’s motion,
we must find out more precisely the exact path
among the stars which he describes. Every one
has remarked that the Sun attains a greater height
and is longer above the horizon in summer than in
winter; and from what has been said in the last
chapter it will readily be understood that for this to be
the case the diurnal arc which he describes must be
nearer the north pole in summer than it is in winter ;
in fact he is in summer north of the equator, and in
winter south of it; but to learn more of his path re-
course must be had to actual measurement of his
distance from the equator at different times of the year.
This can best be done by measuring at noon his an-
gular distance from the zenith, and taking the difference
between this and the distance of the equator from the
zenith, which is equal to the latitude of the place (the
celestial equator being vertical for any place on the
earth’s equator, and tilting one degree towards the south,
as the north pole rises, for every degree of north latitude).
Now the zenith distance of any heavenly body when on
the meridian may be readily measured by attaching a
vertical graduated circle, or arc of a circle, to the transit
instrument described in the last chapter, so as to turn
with the telescope. Buch a circle will, if we have a
mark on it to which an index points when the telescope
B 2 '
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is directed to the zenith, show by the position of the
index on the circle the angle through which the telescope
has turned from the zenith when it points on any object,
such as the Sun, in other words, it will show the
meridian zenith distance of the Sun. . But we must first
fix our mark, and this is best done, not by pointing the
telescope vertically up, but indirectly. We know that
the reflection of a very distant object in a lake appears
depressed just as much below the horizon as the object
i8 elevated above if, whatever be our height above the
surface, a result which follows from the fact that the
surface of water or any other fluid is horizontal. If,
then, we point our telescope to the reflection of a star
in & basin of water, or, still better; in a basin-of mer-
cury, we shall have to depress the telescope through an
angle equal to that through which we have to raise it
to point at the star directly, and if the position of the
index on our graduated circle be noted in each case, the
point half-way between the two will evidently cor-
respond to the horizontal position. The mark for the
zenith will have to be made at a point 90° from this,
the zenith being 90° distant from any point of the
horizon. Measures of the Sun's meridian zenith-
distance being made in this way, and hig distanece north
or south of the equator deduced from our knowledge
of the latitude of the place, that is, the elevation of the
pole, it is found that there are two days of the year
exactly six months apart, viz., March 21 and September
21, when he crosses the equator; - These points of
orossing are called the equinoxes, because the day and
night are then exactly equal all over the world, the part
of the equator above the. horizon being in all latitudes
equal to the part below, so that a star or other heavenly
body which is in the equator is 12 hours above the
horizon and 12 hours below wherever the observer may
be situated. At the vernal equinox, corresponding to
March 21, the sun passes from south to north of the
equator, and gets further and further nerth, but at a
slackening rate, till June 21, the summer golstice, when
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he is about 283° north of the equator. This is his
turning - point, and he then begins to approach the
equator again, his distance from it decreasing at first
very slowly, and then more rapidly, till he again crosses
it at-the antumnal equinox, but this time from north to
south. His southward motion continues till December
21, the winter solstice, when ho begins to move north-
ward, arriving at the vernal equinox agein on March 21.
The time that elapses between the returns to the vernael
equinox is not an exaet number. of days, .being
865¢ 5" 48™ 50° in solar time, or 366% 5* 48™ 50° in
sidereal time, there being one more sidereal day from
the cireumstance that .the Sun has gone round.ence
eastward, in the direction in which the earth sping,
lagging eontinually behind the stars in its rising and
setting. In order that the seasons. may always fall at
the same times of the civil year it is necessary to take
account of the fraction of a day (néarly a quarter) over
the ‘866; in the -Gregorian calendar, which is ‘that
adopted generally, this is effected by making: every
fourth" year (leap year) consist of 886 days; the extrs
day being added to February ; but as the true year is
really rather less than 8654 days, the extra day is not
added toany year which is an exact hundred, and would,
therefore, naturally be a leap year (e.g., 1700; 1800), un<
lessthe mumber of the century is also divisibleby4 (eig.;
1600, 2000), and in this way three days:are gobridof'in
every 400 years, making the discordance. between the
civil year and the truth less than one day in-8,000 years.
~ It will reddily be understood that as the Sun takes
six months'to move from 283° south $0:28}° north, the
change of declination or distance from ‘the equator:in
one day is very small, in fact it is never more than $°
(less than the Sun’s diameter), 8o that the diurnal course
remning vory nearly a circle deseribed about. the pole
just as in the case of a star. - . el
.- -Before proceeding further it is desirable to explain
how the Jposition of & heavenly body is fixed. For a
place on the “éarth we saw that its latitude, or the
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angular distance of the point from the equator, and
its longitude, 4.c., the time required for the earth’s
rotation to bring the meridian of the place to the posi-
tion originally occupied by the first meridian, or that
through Greenwich, are sufficient to fix the position of
the place ; now the same system may be adopted for the
stars, but in their case the angular distance from the
celestial equator is called Declination, and correspending
to longitude, reckoned from an arbitrary first meridian
we have Right Ascension, measured from the vernal
equinox, in exactly the same way, i.e., by the time which
elapses before the meridian through the star occupies
the original position of the meridian through the vernal
equinox. We have here used the term meridian in the
same sense in which it is used for the earth, but to
avoid confusion with the fixed meridian, the great circle
drawn from the pole through any star is called the hour
circle of that star. Thus we have imaginary circles of
declination and hour eircles through every point of the
sphere on which the stars appear to be projected, just
a8 we have through every point of the earth circles of
latitude and meridians.* Declination and Right Ascen-
sion, then, are to be considered as corresponding on the
celestial globe to Latitude and Longitude on the earth ;
unfortunately the terms Latitude and Longitude in the
case of the heavenly bodies have been applied to a
totally different system of measurement, a circumstance
that has given rise to much confusion of ideas.

8o far we have spoken of time as determined from
the Sun and from stars, without pointing out the dis-
tinetion between the clocks, which are used in the two
cages. A solar clock is regulated to show O at noon
and 0® again at the next noon, but if such a clock were
used for stars it would be found to have lost nearly 4=
between the successive passages of the same star across
the meridian, in consequence of which we unse for the

. .
of 60° an 805 North. Diclination, the Equator: and toas of 160

Bouth. The lines from the centre represent the Hour Circles for
every two hours,
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stars a sidereal clock, which is so regulated that exactly
24 of its hours elapse between successive transits of the
same star. Such a clock is set 80 as fo indicate 0" ex-
actly when the vernal equinox is on the meridian, and
as this point may be taken as fixed among the stars,
and therefore takes 24 sidereal hours to return to the
meridian, it is clear that sidereal time must be used for
right ascension, which measures the distance from the
vernal equinox. With regard to terrestrial longitudes,
we must use a solar or sidereal clock, according as we
take transits of the Sun or of a star across the meridians
of the two places. What we really want in_this case is
the proportion that the interval of time between the
transits of the same heavenly body over the two me-
ridians bears to the interval between its successive
transits over the same meridian, and this proportion is
the same whether both intervals are expressed in solar
or in sidereal hours, but it is convenient to take the
second interval as 24" (solar or sidereal, according as
the Sun or a star is used), and this determines whether
the first is to be in solar or sidereal hours. The same
consideration applies to all cages where time is used to
measure the angular distance of two points. A homely
illustration may put this in a clear light. In some
parts of England a pound of butter is made into a roll
a yard long, and sold by length. Suppose, now, that
in France a pound of butter is made into a roll a metre
long, then we shall clearly get the same quantity of
butter whether we buy a quarter of a yard in England
or a quarter of a metre in France; but if we buy a
quarter of a yard in France we get less, and if a quarter
of a metre in England more than our quarter of a
pound. We have dwelt on this point because it is
usually troublesome to beginners, from the want of a
clear coneeption of the measure that is being used.

To return to the Sun. We have shown how to mea-
sure his declination. To find his right ascension we
must first find the right ascensions of one or more stars
by noting the difference of the times of transit (in
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sidereal hours) of the Sun when he crosses the equator
at the vernal equinox, and of the selected stars, and
then observe the interval (also in sidereal time) between
the transit of one (or more) of the known stars and of
the Sun. The Sun’s right ascension will be found by
adding this interval to the star’s right ascension. If
several stars be observed, the mean (or average) of the-
results from each star can be taken, and the final result
will then be more accurate. This is a principle which
is eontinually made use of in astronomy (and other
observational sciences) to reduce the inevitable errors
arising from the imperfections of our senses and of
our instruments, all which affect a single observation,
but very nearly balance one another when we take the
mean of a large number of measures of the same
quantity, the errors which make it seem too big being
about as many as those which make it too small, on
the principle that if a coin be tossed up a large number
of times, it will turn up heads about as many times as
it does tails. The Sun’s position being thus found for
every day of the year, we can plot down his course on
an artificial globe, and we find in this way (or by calou-
lation) that his apparent path is a great circle * inclined
to the equator at at angle of 284°, and cutting it at the
equinoxes. The plane of this circle is called the ecliptic.
The Sun’s motion along this path is not quite uniform ;
about January 1 it is quickest, and about July 1 slowest,
but the variation is only about {4 of the whole, the
daily motion ranging from 57’ to 61’. This variation,
combined with the tilt of the Sun’s path, which makes
his motion more oblique to the equator at the equinoxes
than at other times, causes an irregularity in the time
as shown by the Sun, and if a clock be regulated to go
uniformly with the Sun’s average rate, the Sun will be

* Any body which moves in & plane passing through the spectator,
no matter what the path in that plane be, will a}zear to describe a
great circle in the heavens, since a t circle is the curve in which
the sphere is cut by & plane throqggl‘:m:he centre, i.e., the spectator,
and we refer the acmaf ath to the sphere of the heavens, by looking
along the plane in which it lies, - R A TR Y B AT
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at certain times of the year fast or slow by the clock to
the extent of 16 minutes, the amount by which the Sun is
fast or slow being called the equation of time.* .
Further, the change in the Sun’s rate of motion is
accompanied by a eorresponding change in his apparent
diameter, which is largest when the motion is quickest,’
the variation amounting to about a thirtieth part of the
whole,} When an object increases in apparent size, either
it must really be growing larger, or it must be approaching
us. Now, in the case of the Sun, we have no reason to
conclude that there is any real change of diameter, such
an alteration of bulk being highly improbable, and we
are therefore led to infer that he is nearer fo us in
January than in June by about one-thirtieth part.
If now we draw a circle to represent the ecliptic,
and lay down on it the position of the Sun on every
fifth day of the year, the lines drawn from the centre
to these points will represent the directions in which
the Sun is seen by us. at the corresponding times;
but as his distance changes, we must, to represent his
apparent motion fully, set off on these radii lengths
corresponding to his actual distance on these days.
‘We thus conclude that the Sun appears to move round
us once a year in a slightly oval and excentric path.
- * The Sun and clock are together four times in the year, viz.:—
On April 15, June 15, Sept. 1, and Dec. 25; from Aprl 15 to June
15, and from Sept. 1 to Dec. 25 the Sun is fast, the greatest error
in the first period being nearly 4m on May 15, and in the second
gﬁod 16jm about Nov, 8. From June 15 to Sept. 1, and from Dec.
to April 15 the Sun is slow, the greatest error in the first period
being 64m on July 26, and in the second period 144m on Feb, 11.
As the Sun is steadily losing on the clock from Nov. 3 to Feb, 11,
his rising and setting will both be retarded from this cause, and
thus the efvzﬁings i ].{eng;h:l]:m more than r?lle mornings m}:.eébf
ginning of the year, thou, is effect is only apparent, being the
Pomult 6¢ our reckoning by clock time instead of Bum time, -
.+ Thére is a curious optical illusion which makes the Sun and
Moon seem much largr when close to the horizon ; but this is only
the result of having known objects, as trees and houses, to compare
them with, which enables us to realise to a certain extent how im-
mensely distant these heavenly bodies really are. The angular
diameters (when carefully measured and corrected for refraction,
which slightly decreases the diameter), agree exactly with the results
of .observations near the zenith, . a
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But we have, so far, no more reason to suppose that
the Sun is moving round the earth, than that the earth
is moving round the Sun, for either supposition would
explain the SBun’s apparent motion, just as we saw that
the apparent rotation of the heavens may be explained
by a rotation of the earth in the opposite direction.
Now there are several circumstances which lead us to
conclude that it is the earth which goes round the Sun
and not the Sun round the earth. In the first place, the
Sun is enormously bigger than the earth, as we shall
see when we come to discuss the means of finding his
distance, which are quite independent of this question.
Then, again, we shall find that there are other heavenly
bodies of which the apparent movements can only
satisfactorily be explained by supposing them to revolve
about the Sun, at distances which, in the case of some
of them, are many times that of the earth from the
Bun, and as these bodies themselves are generally larger
than the earth, the supposition that the Sun is carrying
such masses along with him in his course round our
diminutive earth is in the highest degree improbable.

But it is when we come to discuss the physical cause of
these motions that the absurdity of such an hypothesm
is brought home to us,

In anticipation, then, of the conclusions of subse-
quent chapters, it may be taken that the earth
revolves round the Sun once in a year in a slightly
oval and excentric path in the plane of the ecliptic,
at a distance of about 28,200 of the earth’s semi-
diameters, and with an average velocity of 18 miles
a second (more than fifty times as fast as a cannon
ball), moving over eight times her own diameter every
hour. As the Sun’s apparent diameter is 32', or rather
more than half a degree, at his mean distance, it follows
that he is at a distance from us of 215 times his own
semi-diameter, which is 108 times that of the earth.*

* The arc corresponding to 1° at the centre of a circle being

of the whole circumference, which is 3} times the diameter, 1t
follows that the length of the arc of 1°is  of the radius nearly.
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Now although we may at first feel some difficulty in
realising that our globe is moving at such an enormous
speed without our being conscious of it, yet if we con-
sider that the earth bears the same proportion to the
Sun that a 12-inch globe bears to the dome of St. Paul’s,
we shall find it far more difficult to conceive that such
an insignificant body as our earth is really the centre of
the Sun’s motion. But whether the earth be moving
round the Sun, or the Sun round the earth, or both
about some other point in the line joining them, their
apparent motion will be the same ; and as far as these
two bodies only are concerned, we may consider the
motion in that way which conduces most to clearness of
explanation. 8o that just as we talk of the Sun, Moon,
and stars rising and setting, though these are mere
appearances, we may for the present speak of the Sun’s
annual motion round the earth; but when we have to
consider the motion of another heavenly body relatively
to the Sun, we must transfer our thoughts to him, and
picture to ourselves what the appearances would be
from that point of view. No error is involved in either
way of speaking, provided we remember that we are
only treating of relative motions. On this understand-
ing we will proceed to show how the apparent (or
relative) motion of the Sun gives rise to the seasons.
At the vernal equinox the days and nights, as before
stated, are equal, and this is the case all over the world,
the equator being everywhere divided into two equal
parts by the horizon. From this point the Sun, moving
along his oblique path, passes north of the equator, and
two results follow from this, both of which cause places
in the northern hemisphere to receive more heat from
the Sun. In the first place the day is lengthened and
the night shortened, so that the time during which
heat is received from the Sun is increased ; and in the
second place the amount of heat received in every hour
is greater on account of the greater elevation of the
Sun, for his rays have a less thickness of the atmo-
sphere to traverse and heat on their way, and further, a



28 ) THE SEASONS.

larger proportion of them strike a snrface when they:
fall perpendicularly than when obliquely, just as in a.
driving shower a larger number of drops will fall on an
umbrella when the stick is held in the direction of the:
shower than when it is held upright. With regard to.
the loss of light and heat in passing through. the
atmosphere, it is sufficient to remark the..enormous:
decrease in brightness of the Sun near sunset to. appre=;
ciate the influence of this cause, which reduces. the-
Sun’s brightness at 5° elevation to one-fifth of what if.
would be at the zenith. Now we must remember-that.
the temperature of any body results.from a seriés:.of
exchanges with surrounding bodies, heat being received:
and at the same time sent out; hot bodies send out
more heat than they receive, and the reverse is. tha: case
with cool bodies. Now the earth reecives a balance,of
heat from the Sun; if it sends all this heat away.into.
space all round it will remain in the samé. stdte .as
before, but if it reeeive more than it ¢an send away it
will get hotter, and this is the case with plaees in.thie
northern hemisphere at the time we are copsidering.;
for, as we have seen, such places receive more. heat
from the Sun in' the day, and have less time in-the
night to send it. away and thus cool down,.than was
the case when the Sun was at thé equinox. - Bafitha
quantity of heat received by the whole 'earth and ;sent
out into space remains the same, for. in sonthery lati-
tudes the Sun is below the equator (ihe ‘morth-pols
being below), and the days are shorter than the nighte;
so that those countries get cooler than they. wers.af:tlie
vernal equinox. Now these. opposite effocts in opposite
hemispheres go on increasing as the Sun: gets farther
and further north, till June 21; the nhorthern lemis
sphere has by that time stored up sach an: aconmus
lation of heat in the soil itself, that it ‘does not. begin
to grow cooler till some time after,. just as’ a;kettla
taken off the. fire will continue to.boil om the hob;
though the heat there is not sufficient to set it boiling:
But this heat from the soil will ‘be gradually. dissipated
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48 the Sun moves southwards in the autumn, and the
weather will grow colder and colder in northern lati-
tudes, the reverse taking place in the southern hemi-
sphere. Such an accumulation of ice and snow will be
formed in the northern hemisphere, in consequence of
the abstraction of heat which then takes place, that the
arrears will have to be cleared off after the winter sol-
stice, before the northerly motion of the Sun produces
any effect.

Thus we may consider winter in the northern hemi-
sphere (or summer in the southern) to correspond to
the months of December, January, and February;
spring (or sutumn) to March, April, and May ; summer
(or winter) to June, July, August; and autumn (or
spring) to September, October, and November. But
there are certain portions of the earth where this
division does not hold, viz., the regions near the
equator. As the Sun crosses the equator twice, he is
vertical at such places twice in the year, and the saie
will be true for any place which is less than 234° north
or south of the equator, since for such places the celes-
tial equator is less than 28}° from the zenith. The
belt of the earth included between these circles of
latitude is called the tropics, and, since the heat at any
place is greatest when the Sun is vertical, these places
have two summers; but really the change is very
slight, and the year is usually divided into the wet and
the dry season, the term winter, as understood in our
latitudes, being hardly applicable. We may here allude
10’ two other regions of the earth in which this word
implies much more than it does with us, conveying the
idea. of darkness as well as of cold, of absence of light
a8 well as of 'heat. - The Sun at midwinter being 234°
‘below 'the equator, will not rise above the horizon of
any place at which the celestial equator does ot reach
am elevation of 233°, which will be the case when the
‘place is less than 281° from either pole, or has a latitude
((horth -or south) greater than 664°. The circles of
datitude 663° north and south are called the Arctic and
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Antarctic circles respectively, and the belts included
between them and the tropics are called the north and
south temperate zones. In the Arctic and Antaretic
regions it is clear that the Sun will in winter remain
below the horizon during the whole time that he is
further below the equator than the distance of the
place (in degrees) from the pole of the earth, and that
he will in summer remain above the honzon for a
similar period, so that the alternation of day and night
is so far modified, that in summer we have sunlight
continuously for weeks or even months at & time, and
in winter we have a night of the same duration. At
the poles themselves these periods last for six months
each, 80 that there is only one day and one night in
the year, but of course the Sun continues to circle
round the pole once in every twenty-four hours just as
in other latitudes, though, like the stars of the Great
Bear with us, he never dips below the horizon. In
this, as in many other cases, the ambiguity of the term
day causes some confusion.

We have already spoken of the effect of twilight
in lengthening daylight ; itsinfluence is felt in a remark-
able degree in Polar regions, some light being received
from the Sun in midwinter even at places as near as
b° to the pole.

Though, a8 has been already stated, it is perfectly legiti-
mate to explain the alternation of the seasons, as has just
been done, from the standpoint of the earth, yet, as the
matter is of some importance, there will be advantage
in considering it also from the point of view of the
Sun, which will enable us to realise more clearly some
of the conditions on which these changes depend, and
will at the same time remove any latent doubt as to
the correctness of the conclusions based on a discussion
of relative motions, a point of essential importance in
the study of astronomy. We arrived at the conclusion
that the earth moves round the Sun in a plane orbit
inclined to the equator, and that consequently the
earth’s axis is also inclined. Now this axis always
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points to the same place among the stars, very near
the Pole-star, constantly preserving the same direction
during the year. Let us picture to ourselves, then, what
would be the appearance presented to an inhabitant of
the Sun by our globe during this annual motion. On
a round (or slightly oval) table or tea-tray place a
night-light a little out of the centre (in the direction of
the longer axis of the oval) to represent the Sun’s light,
and baving run a knitting needle through the core of
an orange, which will represent the earth and its axis,
carry the orange round the edge of the table as the
earth moves in the ecliptic, keeping the knitting
needle always tilted in the same direction ; then if at
the same time we keep the orange spinning pretty
_ rapidly, the circumstances of the earth’s motion will be
represented fairly well, and the flame of the night-light
will not be far from the proportionate size of the Sun,
a8 compared with the earth’s distance, though the
earth ought to be represented by the minutest grain
of sand visible to the naked eye, instead of by our
orange. But our object being to explain the appear-
ances presented to an observer on the Sun, we must
suppose our earth magnified some 1,500 times, as if
seen through an exceedingly powerful telescope. The
figure represents the arrangement described above,
seen from one side, the knitting needle being omitted.

Starting, as before, with the vernal equinox (at the
bottom of the picture), when the Sun appears to us on
the equator, an observer on the Sun will look at the
earth’s equator edgeways, and will just catch sight of
both poles. As the earth moves on in her orbit, the
equator, keeping always the same direction in space,
will show its north side more and more to the Sun,
until it gets into such a position that all the tilt (south-
wards) is in the direction passing through the Sun, which
corresponds to the solstice (the left of the figure), after
which less and less of the tilt is in the Sun’s direction,
till at length, at the autumnal equinox, the equator is
again presented edgeways to the Sun (the top of our



82 THE SEASONS.

figure). During this period the north pole is' turned
towards the Sun, and the northern hemisphere receives
more than its fair share of light and heat, as will be
seen by noticing where the boundary of shadow falls on
our orange illumined by the night-light. From the
antumnal to the vernal equinox the tilt of the earth’s
equator, as seen from the Sun, will be northwards, and
therefore the north pole will be tmrned away and so
receive less light and heat than the south pole, which is
presented to the Sun. It is, therefore, winter forthe

THE SEASONS,

‘porthern hemisphere and summer for the southern.
‘We see at once from this that it is only the distribution
of light and heat which varies from this cause, nof the
total amount. Sometimes the northern hemisphere
Toceives more than the southern, and sometimes the
Teverse is the case, but this does not affect the common
f!md. - As a matter of fact, the earth does receive more
light- and heat in January than in July, but this is
because she is nearer the Sun at the former epoch ; the
effect of this on the climate is, however, insensible, being
masked by the very much greater changes of the seasons.
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It is now time to pay a little attention to the physical
oonstitntion of that wonderful body which produces
effects of such importance to our well-being. When
examined in & powerful telescope, care being taken to
diminish the intensity of his heat and light by means of
dark glasses,the Sun appears to have a slightly mottled
surface, shading off slightly towards the edge, and
bhaving usually certain dark markings, called spots,
accompanied by streaks brighter than the ordinary
surface, and hence called facule (torches). If one of

these spots be watched from day to day, it will be seen.

to move across the Sun’s disc from east to west, disap-
pearing at the western edge or limb only to reappear
after an interval of nearly 14 days at the eastern limb,
and cross the Sun’s face again in another 18 or 14 days
On extending our observations it is found that all spots
move across the Sun’s dise in about the same time,
although the lengths of their paths differ considerably,
and we are therefore led to conclude that their motion
is really caused by the Sun’s turning round on an axis
eastward, or in the same direction as the earthin her orbit,
so that it presents the same face to the earth again
after an interval of some 27 days. But this is not the
true time of rotation of the Sun, for the earth having
gone a little way round the Sun in its orbit, the Sun has
to turn through a corresponding angle ‘after having
completed its rotation, so as to catch the earth up, just
a8 we saw the earth had to do to bring the Sun to the
meridian of a place again. Now as the earth goes
round the Sun in 865 days, we have, since the times
are proportional to the angles turned through,
8656427 : 865 :: 27 : time of Sun’s rotation, which,
therefore, is rather more than 25 days. As the result
of careful measures of the position of spots during their
passage across the dise, it is found that they do not
move in straight lines except about July 12 and
December 11, showing that the circles which they
describe, and therefore also the San’s equator, are tilted
with respect to the echpt:c, the plane in which the

\
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spectator i8, but that we 'sce :these civelesvedgeiilys
(from opposite sides) on the two days given above; jush:
as the equator and circles of latitude on the earth-
(which are the diurnal paths of spots on the earth)
would be seen from theSun at the vernal and autamnal
equinoxes. The tilt of theSun’s equator to the ecliptic
appears to be about 74°. Now. in .all this we have
something very similar to what we. were led to conclude
in the case of the earth, and thus the great diffieulty of
accepting the rapid motion of a mass like the earth is:
completely  removed, for though the Sun’s rotatiom i&
much slower, yet its mass is enormously greater. It is
difficult, .indeed, -to realise the size .of this. enormous
globe, . but some agsistance may .be -gained from: the.
statement that a spot on the Sun's equator moves four
times as fast as a point on the earth’s equator—i.ey, &b
the rate of 4,000 miles. an .hour, which .is .five
times the speed of sound, and four times :that of &
cannon ‘ball—and that with .this enormous - velocity it
takes' 25 days to complete the' circuit of the Bun.
But:though we have every resson.to. suppose .that
the spots turn round :with the Sun, the changes that
take place in them show that they are by no.means:
fixtures on his surface, and in faet it is found that one
spot has a drift forwards relatively to. another,.sa that
they do not all take exactly the same time to go:round.
Their individual movements, however, are amall as com-,
pared with the motion caused by the Sun’s-rotation,:
whilst -the changes in their.form are most remarkahle.
Cases have been observed of the formation of a large
spot, some -50,000 miles .across (six times the size:of
the earth), in the course of a single day at.a part.of the:
surface where nothing unusual was. to be:seen before 3
and the disappearance is sometimes equally sndden.
Usually & spot does not last more than two..or three
months, and in this period it will often break up inte.a
group of. smaller spots,.or such a-group.iay. coalesoe
into one large spot. As a'general rule, spots; are com-.
posed. of & eentral black portion, which. is called .the

B
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nuclens or umbra (shade), -sarrounded by a. less. dark
part called the. penumbra - (half-ghade), and these twe
portions are quite distinet, the nueleus lying at a lower
level than the penumbra, and both of them below the
bright surface which we see ordinarily. That a spot
must thus be considered as a hole in the luminous
atmosphere of the Sun is shown by the appearance
presented on its approach to the limb. ‘We are then
looking at the spot obliquely, and it is found that more
of the penumbra is seen on the side away from us;
whilst on the other side it is very much foreshortened,
as we should expect on the supposition that the spot is
a hollow with the nucleus at the bottom. An earthen.
ware basin with a little inky water at the bottom will
give & rough idea of the appearances thus presented by
& spot. Of tha causes which give rise to Sun spots
little is. known, but they appear to be much more
frequent about every eleven years, and there is a suspi-
cion that this is due to the influence of the planets. .
‘We must now turn to some other features of the Sun,
- the'red cloud-like prominences, which are seen when the
overpowering light of his dise is cut off by the interposi-
tion of an opaque body like the Moon, in total eclipses
of the Sun, and also by meaxs of a beautiful application
of the spectroscope, an instrument designed to deter-
mine .the nature of the light which comes to us from any
bright body. We will briefly explain the principle on
which this is founded. Everybody has noticed the
colours shown by a glass lustre from a chandelier, and
has probably remarked that these colours change as the
eye is moved. These effects will be best seen if a lustre
bé.placed on its flat side op a narrow stand, at some dis-
tance from and above the flame of a candle, and be viewed
by an eye as far off as convenient., The first thing that
will be noticed is, that the rays from the candle are bent
in passing through the glass, so that in order to see the
candle through it, it is necessary for the eye to be placed
considerably below the stand. This property of the
glass is termed refraction (breaking), and is possessed
02
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in a greater or less degree by all transparent substances ;
it is best seen when the glass is in the shape of a lustre,
i.e., a triangular bar, or prism as it is technically termed.
The next thing to be remarked is, that the flame no
longer appears white, but is of a colour which depends
on the height of the eye, changing from red to yellow,
green, blue, and finally violet, as the head is lowered
from the position at which the flame first begins to be
seen in the prism. Thus it appears that the white
light of the candle is really composed of light of all the
colours of the rainbow (a phenomenon caused by a some-
what similar action of the drops of rain on the light of
the Sun), and that it may be separated into these
colours by a prism of glass which bends the violet rays
most out of their course and the red least, the other
rays lying between these two. When white light is thus
spread out into its component colours, it is said to form
a spectrum, and it is to be remarked that though for
convenience of explanation we have spoken of red,
yellow, green, &ec., there is no sharp boundary between
two contiguous colours, but that they shade insensibly
one into the other, and that corresponding to every
degree of bending or deviation there is a certain hue.
Now though sunlight, or the light of a candle or gas
flame, may thus be spread out into a continuous speec-
trum, the same is not true of every light ; thus burning
" hydrogen gives out three definite kinds of rays only,
corresponding to definite hues of red, greenish blue, and
violet. The prominences of the Sun are found to give
out light of these three hues exactly (indicating that they
also are glowing hydrogen). It is evident that the in-
tensity of the light must be very much enfeebled by the
spreading out into a continuous spectrum, or dispersion
ag it is called, an effect which may be doubled by put-
ting another prism to receive the light after it has passed
through the first, so that by making the rays go through
a number of prisms one after the other even the direct
light of the Sun may be made quite faint, whilst the
light of the prominences is scarcely affected, since it
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consists of three definite hues, each of which is incapable
of being spread out. The light which falls on the prisms
is usually limited by a narrow slit (perpendicular to
the length of the spectrum), and lenses are placed just
in front of the first prism, and just after the last,
80 that the rays of each colour form at a certain dis-
tance an image of the slit of this particular hue, and
having a corresponding position in the spectrum, which
thus appears like a ribbon of shaded colours to an eye
placed in a suitable position, and armed with a magnify-
ing lens. Such an instrument is called a spectroscope.
If now an image of the Sun be formed on the slit of a
spectroscope by means of a large lens, placed so that the
slit is directly between it and the first prism, a red image
of the prominences will be seen in the corresponding
part of the spectrum, when the slit is so placed that it
is just outside the Sun'’s limb, the light of the sky close
to the Sun, though bright enough to blot out the pro-
minences when viewed directly, being greatly enfeebled
by dispersion into a continuous spectrum. In the same
way we may see the prominences by means of the
greenish-blue or by means of the violet light which they
emit, if we look at those parts of the spectrum respec-
tively. There is thus found to be, outside the surface
of the Bun ordinarily visible to us, and known as the
photosphere (or sphere of light), a layer of glowing
hydrogen, to which the name chromosphere (sphere of
colour) is given from its red hue, and out of this rise
strange cloudy masses, sometimes to a height of 80,000
miles, or ten times the diameter of the earth. The
chromosphere itself is on the average some 8,000 miles
“thick, but the thickness varies very much, as itg surface
is almost always in a state of great agitation, which,
when very violent, gives rise to a prominence. Besides
hydrogen, there are, in its lower strata, the vapours of
many of the metals, of which the presence is revealed in
the spectroscope by the characteristic hues of which
their light is composed, just as in the case of hydrogen,
the hue being determined accurately by the position in
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the spectrum of the corresponding image of the' slit,
which will be a bright line of that hue stretching across
the spectrum, There is another appendage of the Sun -
outside the region of prominences which, so far, has
only been seen in total eclipses, and which appears on
the evidence of the spectroscope to consist chiefly of
some substance not yet found on our earth. It extends
to an enormous distance from the Sun’s surface, per-
haps more than a million miles, and appears to be com-
posed of two portions, the term corona being applied
to the whole phenomenon from its resemblance to the
corona or glory which is frequently seen round thejMoon
in & hazy sky. The lower portion forms an atmosphere
round the Sun, visible as a ring of pale green, and
appears to contain hydrogen as well as the unknown
substance referred to above ; outside this are seen long
rays and interlacing plumes which can be traced to &
distance of twice the Sun’s diameter, with large rifts or
gaps reaching nearly down to his limb. This portion
appears to shine partly by its own light, and partly by
reflected sunlight. :
* From this account it will be seen that the Sun is made
up of a large number of layers, there being below the
Fhotosphere, or luminous surface, two or possibly three
ayers which are exposed to view as the nucleus and
penumbra of a spot, and above it the chromosphere, the
atmosphere or inner corona, and the outer eorona.
Besides these there would seem ‘to be a far larger &
pendage of the Sun, which is seen under ‘favourable
conditions (chiefly in the tropics) after sunset, or befote
sunrise, as a cone of light in the plane of the eeliptie,
having *the Sun’s place as its base. This is called the’
Zodiacal light,’and is now supposed to be eomposed of
myriads of small particles which reflect the Sun’s light,
and form a lens-shaped disc reaching probably beyohd
the earth’s orbit. ‘ Co
Of the cause of the Sun's light and heat, both of
which appear to come almost entirely from the photo-
sphere, no satisfactory explanation has yet: been given,
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‘ahd this remaing one of the most important subjects of
inquiry, the Sun’s rays being the immediate source of
almost all’ movements that take place on the: surfaoe of
ihe ea.rth, or inits atmosphere.

OH.APTER ]I[ i

Tlm Moon, a8 wxll be seen shortly, plays a very msxgv
nificant part .in the Solar system, but, next to the Sun,
it is, from its comparative proximity, the heavenly body
of most importance to us. Its motion among the stars
is sontewhat like that of the Bun, but far more rapid
and far more irregular, the Moon taking 271 and 29}
days to return to the same position nearly with respect
to the stars and the Sun respectively, the latter period
being longer on account of the Bun’s apparent motion
{or the earth’s real motion) in the interval since the
Moon has to overtake the Sun, which is travellmg more
slowly in the same direction. The former is called a
sideresal, and the latter a synodic period or lunation.
The determination of the Moon’s motion is a far more
complicated question than that of the Sun’s, but by
watching its course among the stars, which can be done
mach more readily than in the case of the Sun, as moon-
tight is not sufficient to overpower them, it will be found
that the Moon moves in an orbit tilted about 5° to
the echptlc or apparent path of the Bun, the arc de-
geribed in a day varying from about 143° to 12°; while
the diameter changes from 294 to 82¢, showmg that
the Moon's distance alters by about one-ninth part. It
thus appears that the Moon seems to describe the same
sort of path about the earth as the Sun does, but its
ellipse is much more oval; it will further appear that
the Moon is much smaller than the earth, so that it is
natural to suppose that it really revolves round the
earth, and not the earth round the Moon. But further
observation .soon: shows that the Moon’s motion is. net
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quite so simple as this explanation would lead us to
suppose, though it represents the broad facts of the
case, and is a fair approximation to the truth, Im
the first place, it will be found that when the Moomn
comes back to the ecliptic after having made the tour
of the heavens it does not return to exactly the same place
on that great circle, but that the point where it crosses
is nearly 1° further west, so that the Moon's motion is
not really in a plane. It will, however, give us a
clearer notion of the path if, instead of supposing the
Moon' to depart from the original plane, we imagine
this plane to be continually shifted so as to follow, as
it were, the Moon’s movement exactly, the Moon being
then always in this shifting plane, which may thus in
some sense be considered the plane of its orbit, and
this will, at any rate, assist us in realising what the
motion actnally is. Looking upon this, then, merely
as a device to assist us in grasping a difficult subject, we
may say that the Moon moves in a plane, inclined about
6° to the ecliptic, and twisting round without altering its
tilt at the rate of 1° westward in every lunation, so
that it has twisted completely round in 184 years.*
Again, when the Moon is observed through several
lanations, the point where she is nearest to us, and
where her daily motion is greatest, is found to shift
eastward by about 8° in every lunation, so that the
Moon does not really describe a closed curve, such as a
circle or ellipse, though for the reason given above it is
convenient to speak of her as moving in an ellipse (or
oval), which is continually turning round eastward at
the rate of 8° every lunation, completing a circnit
within nine years. There are other irregularities which
make it necessary to suppose the size and shape of this
ellipse variable; so that the Moon’s distance from us
* The plane of the Moon's path may at any instant be determined
by supposing it tilted 5° to the ecliptic about a hinge, as it were, The
direction of this hinge is called the line of nodes (see fig. . 59),
the nodes being the points where the Moon’s a]:‘garen thy

t in the
heavens crosses the ecliptic. The line of nodes then 1° west-
ward every lunation, going completely round once every 183 years,
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changes by more than one-ninth when different
lunations are compared the apparent diameters
ranging from 29}’ to 384’. It may be asked—What is
the use of supposing the Moon to move in an elhpso
when we have to make continualalterations in its positions
and dimensions ?—but, in answer to this, it must be re-
membered that these alterations are small, and that by
this way of looking at the subject we are able to con-
sider the irregularities one at a time, instead of being
overwhelmed by their mere number. It is by this
mode of considering the question that the Lunar Theory,
which from a study of the Moon’s motions aims
at predicting her place at any future time, has been
brought to a high state of perfection, a matter of the
greatest practical importance to navigation, as the
Moon's somewhat rapid motion among the stars enables
us at any place to determine the Greenwich time within
a few seconds by measuring her distance from certain
selected stars, and in this way to determine the ]ongitnde
(which, as already explained, is simply the difference
between the time of the place and Greenwich time), thus
fixing a ship’s position at sea within a very few miles.
In fact the Moon serves the purpose of the hand of a
clock which always shows Greenwich time, though the
marks corresponding to the minutes are not at equal
distances ; and the great object of the Lunar Theory is
to tell us where these minute marks are to be, in order
that the Moon shall always point to true Greenwich
time. It is as if, when a clock went wrong from irre-

ity in its movements, we were unable to alter the
hands, and had to make new marks on the dial in order
to know the correct time. This question was considered
one of such great national importance that the Royal
Observatory, Greenwich, was founded by Charles IL,
in 1675, for the express purpose of watching the Moon’s
motions; and though careful observations have been
made there assiduously for the last 120 years, there are
still slight errors in the predicted places of the Moon,
though these are of much smaller amount than the
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tincertainty of measures of the Moon’s' distance from
stars made at sea. - e S

»* It is-now time to give an explanation of the most
striking peculiarity of the Moon-—her phases. : The Sun
always ‘appears ‘as a round orb, but not so the Mooxr.
Starting from . New Moon, when : she is in conjunction*®
with the Sun, the first appearance presented by the
Young Moon, & day or two afterwards, is that of &
thin' crescent, of which the hollow is turned away from
the Sun; the thickness of this crescent gradually in.
creases till it becomes a half-circle at First Quarter,
when the Moon is 90° from the Sun ; from this point the
contour of the side away from the Sun becomes more
and more convex, till, when the Moon is almost exactly
opposite the Sun at Full Moon, we see a nearly com>
plete ecircle of light, a very small part of the fop or
bottom only being wanting, ‘according as she:is (from the
tilt of her path) below or above the point exactly op-
posite the Sun.  After this the west side begins to wane,
and at Last Quarter we have again a half-circle, but
with the round side towards the east, the Sun:being now
on that side; the crescent form now appears: again,
becoming thinner and thinner as New Moon approaches.
Thus from Last Quarter to First Quarter the Moon
is' crescent-shaped, whilst from First Quarter to Last
Quarter she is said to be gibbous, the point to be noticed
being that a fall circle of light is seen when the Sun is
opposite her, whilst we see little or nothing when they
are nearly in the same direction. - This suggests the
idea that the light of the Full Moon is due to the Sun
shining directly on her, and that the reason we see
nothing at New Moon is that we are then looking at the
dark side, the Moon being between us and the Sun. ' In
fact the phases are exactly what we should see in the
cage of the Sun shining on a dark globe, as may readily
be verified by holding a white ball at arm’s length

* One heavenly body is said to bein conjunotion with,another when
it has the same longitude, or right ascension, 7.e., when it is either
in a direct line with the other, or due north or south of it, - .
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between ‘the eye and the Sun dr a light, and’ slowly
turning round with it from right to left. Care being
taken that there be no other lights to interfere, it will
be found that the ball is always divided into two halves,
o bright side turned to the light and a dark side tarned

Last Quarter -
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away, and as the ball goes round us, more and more
of the bright side comes into view, till at last the whole
of it is seen ; after this the bright side turns away, and
we lose it altogether when the ball comes again to its
position between us and the light. It will be noticed
that the edge of the ball turned to the light is bright,
whilst the opposite edge is dark, and therefore not well
seen, and this is just the case with the Moon, the de-
ficient part required to make up the circle being always
away from the Sun; but that it really exists, though
on account of the overpowering light of the bright
portion we generally cannot see it, is shown by the
fact that near New Moon, when the light of the thin
crescent is comparatively faint, we can readily trace the
outline of the whole disc against the sky. There is
another circumstance too which contributes to the visi-
bility of the dark portion at such times, viz., that this
part of the Moon is illuminated by the light reflected
from the earth, just as the part of the earth turned away
from the Sun is by the Full Moon ; for when it is New
Moon to us it is Full Earth to the Moon, and vice versd,
and the earth being, as we shall see, four times the size of
the Moon, earthlight to the Moon will be something like
sixteen times a8 bright as moonlight is to us, that is,
supposing the reflecting powers of the bodies to be
about the same, as is probably the case. But besides
this appearance of the New Moon with the Old one in
her arms, as it is ealled, we have direct evidence of the
existence of the dark part of the Moon, when we cannot
see it, in eclipses of the Sun, and in occultations of
stars. To take the latter first. It is clear that when
the Moon passes between us and the stars (which are
at an enormous distance from us) she will cat off their
light, so that any star placed in the Moon’s course will
be hidden or occulted when the Moon passes over it, and
this disappearance will, before Full Moon, take place as
soon as the eastern or dark part of the Moon’s circle
comes up to the star, showing that an opaque body having
~ this circular outline i8 interposed between the star and
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us; similarly after Full Moon the star does not reappear
till it reaches the western edge of the same cirele,
the bright part being now to the east. It may be re-
marked here that these occultations of stars afford the
most accurate means of determining longitudes where
the telegraph is not available, the disappearance or re-
appearance taking place quite instantaneously, so that
the observation may be relied on to a fraction of a
second of time., As the plane of the Moon’s orbit
shifts regularly round once in 182 years, it is evident
"that in that period the Moon will have occulted at some
time or other every star which lies within 5° on either
side of the ecliptic, and will, consequently, occasionally
pass in front of the Sun, causing an eclipse. This will
happen whenever New Moon takes place near the points
where the Moon’s path cuts the ecliptic (the Moon’s
nodes); in other cases the Moon will pass above or
below the Sun, being tilted out of the ecliptic. If the
New Moon takes place exactly at the node she will pass
centrally over the Sun, and the apparent diameters of
the two bodies being on the average about equal, but
each subject to variation through alteration in the
distance from us, especially in the case of the Moon, we
shall at some central eclipses have the whole of the
Sun’s light cut off for a few minutes (a total eclipse), and
at other eclipses (known as annular) there will be
seen just at the middle of the eclipse a ring of light
from the Sun round a black circular disc (the Moon).
If the Moon when new be not exactly in her node, more
or less of the Sun’s disc will be cut off, and a partial
eclipse will take place ; such an eclipse will happen when
the Moon’s centre appears to pass within the distance of
her radius from the Sun’s edge, which will be the case
when the angular distance from the node is not greater
than 17°, or when the passage across the ecliptic is not
more than about 14 days from New Moon. But though
an eclipse will, under these circumstances, occur at some
place or other on the earth, eclipses at any particular
locality are not so common, and total or annular eclipses
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ako. exoeettingly tave, for n chdvigd: ie -4ho. positisn-of =&
gpeatator-on:the ' earth will. throw the. Moon out of the
direet lime betwedn him and the Sun, and thus prevent
the Sun from: being eclipsed at one place when it is
80 at apother a little nerth or south of it. . There, wilk
be no tetal -eclipse visible.in this conntry. durmg the re-
teainder. of tlus .century, the next being in aA.p. 1927.
As. the Moon .sometimes. ¢uts off the Sun’s light from
us, 8o the earth may cut off the Sun from the Moen ;
when an eclipse of the moon, as we call it, takes place,
the appearance being thatr of the Moon passing into the
earth’s: shaflow, and so disappearing, more or less.coms
pletely, through the-Sun’s light. being cut off ; exceptin sa
fir. ag it is scattered by clouds in otir ,a.hnosphere, owing
to. which effect the eclipsed Moon. is usnally seen as &
dark copperreoloured disc. .The Moon's.shadow barely
reaches fio the earthin an eclipse of the Sun, and, under
the miost. favourable: circumstandes, throws a black spef
on the earth not more than 120 miles in diameter ;- bif
the earth being four times the .size of the. Moon, her
shadow reaches far beyond the Moon’s orbit, and is at
the distance of the Moon about two-and-a-half times
the Moon’s. dinmeter. If the Moon when full be nean
enough to her node.to pass within this shadow, an
eclipse will {ake place, and this will happen whenem
the distance from either node at opposition is less than
10§°, or when Fuall Moon oceurs within 20 hours of the
passage -across the ecliptic. - Unlike an eclipse 'of the
Bun a lunar eclipe is visible at.any plaee for which tha
Moon -is ‘above the horizon; i.c., on the hemisphere
twened towsrds the Moon and away from the Sun, the
position of the spectator not affecting the entry of the
Moon into the earth’s shadow. From the earliest times
eclipses forced themselves on the attention of mankind,
having in one notable instance (the eclipse predicted by
Thales) put an end to a war between the Medes and
Lydiang, as related by Herodotus, so that a method
of predicting them was eagerly sought for. If only s
cycle of years could be found, such that eclipses would



" " 'The Sun éuglit to be remioved to hearly 400 times the distanés
ME, and to be 23 times ag large, The and Moon are 12 {inres
their proper size, '



48 OYOLE OF ECLIPSES——GOLDEN NUMBER.

recur in the same order in each successive cycle, tho
question would be easy enough. Now two conditions
are necessary for an eclipse :—(1) The Moon’s node
must be near the Sun’s place ; (2) The Moon must be
new for a solar, or full for a lunar eclipse. If, then,
afler one eclipse the node has completed an exact
number of revolutions with regard to the Sun so as to
return to the same place again, whilst in the same time
an exact number of lunations has elapsed so that the
Moon is again new or full as the case may be, another
eclipse will happen under precisely similar conditions.
The Chaldeans discovered such a period, which they
called the Baros, a cycle of 18 years and 11 days, in
which the node has made 19 revolutions with respect to
the Sun, which differ from 238 lunations by only 11
hours in excess. Thus, if an eclipse happens at any
particular date, it will recur after 18 years and 11 days,
and this will go on till the node is thrown beyond the
htmt for an eclipse by the accumulation of the lagging
in 11 hours for each cycle; an eclipse of the Sun will
recur in this way at mtervals of 18 years and 11 days
for some 1,000 years, and one of the Moon for about
800 years before the lagging of the node interferes
with its regularity.

There is another cycle connected with the Moon
which is of some interest, as it gives the days on which
New Moon falls. It is called the Metonic cycle, from
the name of its discoverer, Meton, and consists of 19
years, corresponding almost exactly to 285 lunations,
8o that the days of the month on which New Moon falls
recur regularly after this interval ; the number which
denotes the position of a year in this cycle is called the
Golden Number.

A consequence of the Moon's moving in & path in-
clined to the equator may here be noticed, as it is of
some importance to the farmer. From the tilt of the
ecliptic the Moon’s motion in her orbit is inclined to
the equator, and is partly eastward and partly north or
south. When she is in that part of the ecliptic where
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the Sun is at the vernal equinox, her motion northwards
is most rapid, and in high northern latitudes is nearly
parallel to the horizon, so that her motion eastwards,
which tends to make her rise later, is compensated by
the northward part of her motion, and cpnsequently she
will in that part of her path rise at nearly the same
time on two or three successive nights, and this will
happen once in every lunation. There is a special
importance, however, in this phenomenon, when the
Full Moon falls at this part of the orbit, for then the
Moon rises for several days just at sunset, and thus
gives light enough to get in the harvest, whence this is
called the Harvest Moon. As in this case the Moon is
full at the vernal equinox, the Sun, which is exactly
opposite, must be at the autumnal equinox, so that the
Harvest Moon is that Full Moon which is nearest to
September 21. In England the harvest is usually over
a month  before this, but in many countries this
lengthening of the day by the Harvest Moon is of great
ue. '
.~ The Moon’s distance from the earth has been very
accurately determined by a method founded on the fact
that as an observer moves forwards, objects on either
side of him appear to move backwards with a rapidity
proportional to their distances from him, an effect which
is well seen from a railway carriage in motion, the trees
and houses in the landscape appearing to wheel about a
point in the extreme distance on either side as a pivot.
For every yard that the train advances every object will
appear to move a yard backwards, so that each object
is shifted apparently through the angle, subtended by a
yard at the distance of the object, which explains the
slower apparent motion of the more distant objects.
By measuring, then, the angular shift of any object, we
determine the angle under which a yard appears at the
distance of ‘that object, and hence readily the distance
itself. - For an are of 57 is equal to the radius of the
girele (the circumference of 860° being 8} times the
diameter), ‘whence wo have only to divide the angle we
D
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measure into 5737 to find how many times the radius
contains the are, which, in the case we are considering,
is one yard; the number of times so found will, of
course, give the distance in yards. It is not necessary
that the spectator move in an are of a circle about the
object as ceutre, for in dealing with small angles the
arc is very nearly a straight line, and the difference is
easily allowed for where accurate caleunlations are made.

Now let us apply this principle to the case of the
Moon, remembering that the distances we are here
concerned with are very large, and that we have to
deal with thousands of miles in the place of yards.
Suppose two spectators at the extreme north and south
of the hemisphere visible to the Moon, which is, there-
fore, on the south horizon in the one case and on the
north horizon in the other. The southern observer
will see the Moon shifted north among the stars (which
are too far off to be so affected) through an angle equal to
the angular diameter of the earth seen from the Moon,
and the part that this angle is of 573 gives the fraction
that the earth’s diameter is of the distance of the Moon,
80 that, having the diameter of the earth, the Moon’s
distance is easily found in miles. But in practice it
would not be very easy to make observations at two
such stations as we have supposed, and it is found
better to be satisfied with a rather less shift in order to
have the Moon at a sufficient altitude at both stations
to get rid of the uncertainties of refraction near the
horizon. The observatories which have been used for
this purpose are those of Greenwich and the Cape of
Good Hope, at both of which the Moon is observed with
the utmost regularity every day that she is visible ; so
that a large number of observations are available, the
average of which will give a very accurate result.
The mode of determining the Moon’s distance by ob-
servations at these two stations is not quite so simple
as in the ideal case given above, but the matter may
be made clear by the following consideration. From
every point of the earth’s surface the Moon is seen in a
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different position, so that by plotting down correspond-
ing places of the Moon’s centre among the stars, we
shall have a representation of the points of the earth’s
surface as seen from the Moon, the apparent shift of the
Moon from its central position being, as already stated,
equal to the apparent distance of the corresponding
- station from the centre of the earth’s disc as seen from
the Moon : this is called the Moon's parallaz, being the
difference between her direction as seen at the given
place and at the earth’s centre, and is evidently greater
for points round the edge of the earth’s dise than for
those within ; Yor the former the Moon is at the given

PARALLAX OF THE MOON,

The left hand figures show the positions of the Moon as seen
from five stations on the Earth; the lower figures give the Earth's
disc seen from the Moon and the imaginary disc marked out by the
Moon as seen from different places of the%grth, but reversed right
for left, as if looked at from outside a celestial globe.

instant on the horizon, and the shift of her apparent
position is then called horizontal parallax. The earth’s
disc as seen from the Moon not being perfectly circular
on account of the bulging out of the equator, the
horizontal parallax will be greatest at the equator, since
the two points where the equator meets the edge of the
disc are further from the centre than any others; this
value is called the Equatorial Horizontal Parallax. It
will, of course, be understo;d that on account of the
]
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earth’s rotation the disec visible to the Moon is con-
tinually changing, and that, consequently, the parallax
at any place changes as the Moon rises or sets. The
Moon being in the zenith of the place at the centre of
the disc, the parallax is nothing for that position of the
Moon, and increases as she moves towards the horizon.
Now when the Moon is on the meridian of Greenwich,
it is easy, from her observed zenith distance, to calculate
what part the apparent distance of Greenwich from the
middle of the earth’s disc, as seen from the Moon, is of
the diameter of that disc, and, again, when the Moon
is on the meridian of the Cape Observatdry, the corres-
ponding fraction in that case; so that by adding these
two fractions together the proportion of the apparent
ghift in the case of Greenwich and the Cape to the shift
for the two extremities of a diameter is obtained. The
shift corresponding to Greenwich and the Cape is ob-
tained by observing the Moon’s meridian distance, as
compared with those of selected stars at both observa-
tories, -or, in other words, the shift of the Moon with
respect to stars near, allowance being made for the
Moon’s motion in declination in passing from the
meridian of Greenwich to that of the Cape. In this
way it is found that the shift for two extremities of an
equatorial diameter is 1° 54', which is, therefore, the
diameter of the earth’s dise at the Moon's average
distance ; so that the equatorial horizontal parallax is
57. The Moon’s distance is therefore (since 578 is
about 60 times 57’), about 60 times.the earth’s ;mdms
at the equator, or 80 times its diameter, making it
about 239,000 miles. « Since ‘'the Moon’s  apparent
diameter at her mean distance is about 81’, while that
of the earth is 1° 54’, it follows that the rea.l diameter
of the Moon is rather more than one-fourth that of the
earth, being very nearly 2,160 miles. We may now
get a tolerably clear idea of the motion of the Moon
about the Sun, for we see that while she is moving
round the earth at a distance of 60 times the earth’s

radius in a lunar month, the',learth is moving round the
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Sun at 385 times this distarice (282,000 times the
enrth’s radius) once a year, and carrying the Moon
with her. Thus if a circle, or more strietly an ellipse,
be drawm of four inches radius to represent the path of
the earth round the Sun, the Moon’s motion round the
Sun will be represented by dividing the circumference
into 18 parts about; and supposing the Moon at these
18 :points. oon’esp(mdmg to New' Meen to be yi5 inch
inside the middle of the line representing the circum:
ferenee, -and.at mtermedmte points correqundmg to
‘Full Moon to be 1 ineh outside, so that the excursions
aof the Moon will all be containéd within the breadth of
the 'pencil line which marks the eircumference and the
deviatidn of her path from a true circle (or nearly
«circulyr ellipde) about the Sun would be quite nnapprer
ciable to the eye on such a scale. It may seem strange
thiat we should:speak of the Moon describing an ellipse
round the earth when she really moves very nearly in a
«<irele about. the Sun, but in eéxplanation of the apparent
anomaly it is sufficient to remark that the earth.is
dragging the Moon' with her round the Sun at the rate
of '18, mhiles. a. seeond, whilst the Moon’s motion round
the earth is only % of a mile in the same time, so that
aven when the Moon’s. motion round, the earth is in the
oppokite direction to that in which she is carried by
the earth’s motion round the Sun. which i8 the -case &t
New Moan, the Moo is still moving round the Sun in
the .same direction- as the earth, and with a velocity
only about 3'5.less. - Thus we may cousider the Moon
a8 ddscribing ‘either, an ellipse about. the - earth :or an
almokt circular oval about the: Sun, according. as -we
take the earth or the Sun .as our standpoint; both
‘modes of expresslon are coxrect, provided we. rememben'
that the motion is in both cases relative, and that-for
anything we know the Sun itself may be moving zound
some far distant centre even more rapidly in space than
‘the earth is round the Sun, so that the earth-and the Maén
-t00 may really be describing nearly circalar paths round
-fhfa;: digtant .orb, .a supposition which we have .some
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reason to consider probable. However this may be,
we can commit no error in considering the Moon to
move round the earth, and both earth and Moon to move
round the Sun in nearly circular paths, so long as we
confine ourselves to the relative motions of these three
bodies, without reference to any real (as distinguished
from apparent) motions they may have among the stars.

There is one peculiarity of the Moon which strikes
every one who watches her disc through a telescope—
it is this, she always presents the same face to the earth
as she circulates round it. Now this can only arise
from her turning round on her own axis in exactly the
same time as she turns round the earth, though at
first sight it may seem a little difficult to see how she
can be really rotating, when she does not show any signs
of it to us. A little consideration of what was said in
the last chapter on the relative motion of two bodies
will remove this difficulty. It was there pointed out
that, as far as the two bodies are concerned, the appear-
ances would be exactly the same to a spectator on
either the earth or the Sun, whether the earth went
round the Sun or the Sun round the earth, and that so
long as we were dealing with those two alone it was
only a question of convenience which expression we
used. Now the same principle applies to the earth and
Moon ; so that, so long as we are considering the Moon's
appearance to us, and not her motion among the stars, we
shall have the same result by supposing the earth to be
moving round the Moon, as in the actual ease. But if
the earth be turning round the Moon, it is evident that,
for the same face to be always seen by the earth, the
Moon must turn on her own axis exactly at the same
rate as the earth turns round her, that is, once in 271
days. To represent the Moon’s motion round the earth
we must suppose the earth to turn round the Moon
sometimes faster and sometimes slower, so that she is
alternately in advance of and behind what we may call
her proper place, just as in the case of the Sun ; the

.. Moon, on the other hand, turns quite uniformly on her
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axis, and the earth in consequence gets to see a little
more round one side at one time and a little more
round the other side at another, through her out-
stripping or lagging behind the Moon in her turning.

The Moon being such a very near neighbour of ours,
as compared with other heavenly bodies, her surface has
been studied with great success by means of powerful
telescopes, and careful charts have been made in which
the positions of all the principal markings on her visible
disc are laid down with an accuracy surpassing that of
most terrestrial maps. With a magnifying power of
6500 the Moon may, with a powerful telescope aund ex-
ceptionally clear state of our atmosphere, be brought
apparently within about 500 miles, a distance at which
the principal features of a country would readily be made
out. Fortunately for the study of her surface she appears
to be quite destitute of any appreciable atmosphere, no
trace of refraction being perceived when the rays from
a star graze her surface just before an occultation, and no
signs of water or vapour being visible on her diso.
This absence of atmosphere exposes the Moon to most
violent changes of temperature, the surface being heated
during the long lunar day of half a month to the
melting point of iron, and cooled during the next fort-
night to the temperature of space, 460° below zero of
Fahrenheit's scale, or further below the freezing point
than the melting point of iron is above it, a condition
of things which would of course be fatal to any form of
life with which we are acquainted.

The Moon'’s surface almost everywhere shows signs of
violent volcanic action far exceeding anything found on
the earth,the most conspicuous features being the craters,
which are found of all sizes, from eighty miles across
down to the most minute speck visible, crowded together
80 closely in many regions that they overlap each other.
The great peculiarity of these lunar craters is that the
floor inside is nearly always at a far lower level than the
outside surface, a8 may be shown by measuring the lengths
of the shadows cast by the rampart round the crater on
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the floor.and on the surface of the Moon outside. : From
such.measurements it is easy, when the elevation of the
Sun is found (from the angular distance of .the crafer
from the illuminated edge) to determine the height of
the rim of a crater or of a mountain, and in this way
the altitudes of a.large number of objects on the Moon
have been obtained. Although the Moon is only. a
quarter the size of the earth, there are both craters and
mountains rivalling in height the most elevated peaks
on the earth ; nor is this to be wondered at, for we have
no reason to suppose that the force of voleanic energy
is less for a small planet ; whilst gravitation on the Moon,
which draws heavy bodies downwards, and so counteracts
the force of upheaval, is only a sixth of what it is on the
earth ; so that we should expect cinders to be projected
from luna.r voleanoes to a much greater distance. than is
the case on the earth, a supposition fully borne out by
the large size of many of the craters onthe Moon.
Though both craters and mountains are found on.the
Moon, the former are far more frequent,. there: being
only three principal ranges of mountains, called respec-
tively the Alps, the Caucasus, and the. Apennines, the
Moon in this respect presenting a marked contrast. to
the earth. The mountain ranges are all three situated
in the mnorth, whilst the southern portion of the
Moon is remarkable for its large number of craters, the
most conspicuous of which, Tycho, seems to form a
centra of eruption, from which proceed in all directions
bright rays, extending in some cases to.a distance of
600 miles. This crater is over fifty miles in-breadth
and some 18,000 feet in depth, with a 'central cone
5,000 feet high, and with its system of radiating streaks
is distinctly visible to the naked.eye about Full Moon.
Similar systems of bright rays proceed from ‘several
other craters, among which may be mentioned Coper-
nicus, which is well seen near the middle: of :the
boundary of the bright part of the Moon a day or-twe
after the first quarter, and Aristarchus, which . firsf
comes .into- view as an_exceedingly bright spot. in: the
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north-east two ox three days before Full Moon. The fixsd
idea that suggests. itself with reference to these rays is

that they are  streams of lava flowing from the craters,

but a fatal objection to this explanation is that they

pursue their dourse over hill and dale, regardless of the

obstacles in their path, and can actually be traced across
the floors of craters which must have been formed

before this eruptlon, the way in which one crater over-

laps another affording an indieation of its relative age.

The most plausible explanation offered as yet seems to

be that the rays are cracks, like stars in ice, caused by

the eruptive force which formed the erater, and covered

over by the lava which has exuded from them, just.as

radiating streaks are formed in a sheet of ice by the

freezing of water which comes through the cracks. It

remains to mention the so-called seas on the Moon,

which are apparently nothing but dark grey plains com-

posed of materials which reflect less light than other

portions, and which from their size are sufficiently con-

spicuous to the naked eye, especially at Full Moon, when

the markings present some resemblance to a human face.

Though the term sea conveys a false impression. of ‘the

nature of these plains, there being a total ‘absence of
water on the side of the Moon turned: towards us, the

term is still retained to avoid the confusion which might

be. caused by introducing a new nomenclature, -the

¢ geas "’ being named from supposed qualities, e.g., Mane

Imbrium, Mare Nubium, and the craters and mountains

from: celebrated philosophers,

CHAPTER IV.

Havine discussed the motions of the Sun and Moon, we
shall now be better prepared to study the far more com-
plicated movements of the planets. The planet Venus,
which is:so conspicuous as a morning or evening star
at’ diffevent. parts of her course, will serve as the best
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introduction to the question. Suppose, then, we watch this
planet when she first appears as an evening star, setting
soon after the Sun; it will be found that her angular
distance from the Sun increases day after day, till after
seven months she arrives at a turning point nearly 47°
from the Sun, after which she begins to approach him
-again, and after another two months is again lost in his
rays at sunset. All this time, if watched through a tele-
scope, her diameter will appear to increase gradually
to six times its original value, whilst she goes through
phases like the Moon, from nearly full when first seen, to
a fine crescent at her disappearanee in the evening
- twilight. After a short interval she may be again picked
up, but this time as a morning star, just before sunrise,
and continued watching will show that her distance west
of the Sun increases for nearly seven months, as her
distance east did before, and that after reaching 47° it
diminishes for the next two months, till she is again lost
in the Sun’s rays to reappear east of him, the phases
and  changes of diameter corresponding to those seen
when she was an evening star. These movements may
be watched more closely with a telescope, which enables
us to see the planet in broad daylight if we know where-
abouts to look ; the best way of fixing the position
will be to observe with a transit-cirele the time of transit
and the meridian altitude of the planet, the corresponding
quantities being also determined for the Sun, so that the
right ascensions and declinations of both bodies are
found, and therefore their relative position. From a
eonsideration of the motions above described it appears
that Venus moves in some way about the Sun, never
= getting very far from him, and that she is more than
six times as far from us when she changes from a
morning to an evening star than in the opposite position.
Again, her phases show that when nearest, or in inferior
conjunction, she is between us and the Sun, as the Moon
when new, whilst when furthest off, or in superior con-
junction, she is beyond the Sun, so that we see the side
lighted up by him ; for, as in the case of the Moon, we
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may conclude that Venus shines by light reflected from
the Sun, though she is never seen in the quarter of the
heavens opposite to the Sun, as is the case with the
Full Moon. It follows from all this that Venus describes
a smaller orbit round the Sun than the earth does, and
that consequently she is always inside the earth’s path ;
the time she takes to complete a revolution with respect
to the earth is 584 days, or 13 years nearly, in which
period she must have made 23 revolutions relatively to
the stars, having gained exactly one revolution on the
.earth ; so that the time of one sidereal revolution is found
by dividing 13 years by 23, and is, therefore, 1& of a
year, or 224 days about (more exactly 2247 days),
which is somewhat over 7 months. The determination
of the exact path described by Venus is a more com-
plicated matter, since it is necessary to find from obser-
vations made on the earth her positions as seen from
the Sun, but when this

is done it appears that,

like the earth, she de-

scribes an ellipgse round

the Sun, baving a tilt of

nearly 84° to the earth’s

path. Since Venus is

six times as far from us

in superior conjunction

TILT OF ONE ORBIT T0 ANOTHER, &8 8t inferior, it follows
SHOWING LINE OF NODES, that the diameter of

her orbit, which is the

difference between these two distances, must be five
times her least distance from us; so that her distance
from the sun is about 2} times and the earth’s distance
is 3} times the distance of Venns from ns when nearest,
thus her distance from the Sun is 24 divided by 83,
or about § of the earth’s distance from the Sun. The
same result may be arrived at by observing her greatest
angular distance from the Sun (or elongation as it is
termed), in the same way as the breadth of a round
fower may be found by observing the angle under
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which. it .appears at a known distance from its cemtre,
‘We shall gee presently how the relative distances of the
planéts may be determined more accurately indirectly
by means of their times of revolution, or years as they
may be called.

There is another planet, Mercury, whose motions are
similar to those of Venus, though he is much closer
to the Sun; and can only be seen under favourable
circumstances, when his angular . distance. is ‘grpatestsy
either, as an evening or morning star. This planet goes
through all its phases in. four months (nearly 116 dﬂﬂ&)
whence it - follows, . byj the same, reasoning. a8 'in , the
«csse of - Venus, that its year is three” months. (mofe
exactly 88 days) the distance from the Sun varies mach
ore than.ig the ease with Venus or the earth, Mereury’s
arbit being much more oval. His distance from the 8
is about § of that of the earth, subject to an increags
or decreasa of one-fifth of its mean value, which causes

aichange in . the. greatest elongation from 16° to 29°,
g0, that there is mach more irregularity in this planet’
motions- thian in;the ease of Venus.

. Mercury and Venus sire called inferior planets as thau-
crbite> ard within thak of the earth; the other planets
exhibi¢, ‘inetions of . & different charn.cter not being
limited. to,asertain distance from the Sun, but moving
westwatd from him continually, they arrive at the
opposite quarter of the heavens; after which, still moving
westward with respect to the Sun, they begin to approach
him -on the eagtern side; so that instead of oscillating
about the Sun as the inferior planets appear to do, these
supexior planats; a& they axa:termed, make.a-complolp
eiroifi of the hedveps..in.au esgterly direction withize-
ference to-the Sun, the-mesult of: the, Sun’s spparent
motign : eadtward :being more, rapid than thab of thae
pldhets, il eontsequence of whicki they, lag behind: himy;
thongh their motion ameng the atars is, on the whele,
snstweard dike the Sun’s, bat slower, and with Poriodscnl
Bouavamerit) in 4he, appofite. diraction at certais |
1Bb.fix our ideas let uv-takh,the: case of thei planet Yo,
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Starting from conjunction with the Sun; Mars will appear.
as a morning star, rising earlier and earlier (by solar time)
every day till he comes to opposition, at which time he'
passes the meridian ‘at midnight, exactly opposite to the.
Sun, and is visible all night ; continuing the same course he
now rises before sunset and sets before sunrise, and thus:
becomes an evening star, which he continues to be untik
his westward course with respect to the Sun brings
him so near the Sun’s direction that he sets .almost at
the same time, and is thus lost in his rays. The period
of these changes is two years and two months nearly,

during which time the earth has gained one revolution
on Mars, as he has been continually lagging behind
the Sun in his apparent yearly round, so that Mars
must have mede 1} revolutions in 2} years, whence is
year is: 1% of ours, or more accurately 687 days. Al]
this time he has. presented to us a full, or nearly full,
dise, 80 that we must always be looking at the same
side ag the Sun does, and he can never be between ns
and the Sun, as is the case with an inferior planet;
whence it follows that Mars describes an orbit about the
Sun (which extended observations show to be soma-
what -oval, the greatest and least distances from the
Bun- being in the proportion of 9 to 11), and that this
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orbit is altogether outside that of the earth. The dia-
meter of Mars is five times as great in opposition as
in conjunction, while in the latter position he is further
distant from us than in the former by the breadth of
the earth’s orbit, which is therefore four times his dis-
tance from us at opposition. From this it follows that
the earth’s distance from the Sun is twice her distance
from Mars when we are in a line between him and the
Sun, whence the distance of Mars from the Sun is three

times his least distance from us, or 1} times our distance
from the Sun. The motions of the other superior
planets are generally similar. Jupiter’s year is nearly
twelve of ours, the intervals between successive op-
positions being nearly a twelfth part more than a year,
or thirteen months ; his distance from the Sun is rather
over five times that of the earth, so that his distance
from us only varies from four to six times the earth’s
distance from the Sun. The intervals between successive
oppositions for Saturn are only a fortnight over a year,
in which time he must have described one-thirtieth of
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his revolution, whence his year is nearly thirty of ours,
and his path round the Sun is described at a distance
91 times as great as that of the earth. These were all
the planets known to the ancients, but two more have
been added since—one of which, Uranus, discovered by
Sir W. Herschel in 1781, is at 19 times our distance
from the Sun, and has a year more than 80 times as -
long as ours; the other, Neptune, was discovered
through its attraction on Uranus ; it is 80 times as far
from the Sun as we are, and its period is 160 of our
years.

Besides these there is a class of bodies called Asteroids,
or minor planets, the first of which was discovered on
the first day of this century; about 150 of them have
been detected up to the present time, and every year
adds several to the list. These bodies are as minute
as they are numerous ; probably none of them exceed
200 miles in diameter, whilst some are not much more
than 10 miles. Their orbits all lie between those of
Mars and Jupiter, at distances ranging from 2} to 8}
times that of the earth, with periods of from 8 to 6
years. Some of their paths are very oval and much in-
clined to the earth’s orbit, presenting a marked con-
trast in this respect to the large planets, especially the
outer ones. These asteroids seem to form a connecting
link in the gradation from the large and widely separated
planets to the smallest meteors, which perhaps constitute
the zodiacal light, and form the tails of comets. The
idea has been advanced that these small bodies, so
different from the principal planets, may perhaps be the
result of an explosion which has shattered a planet
formerly circulating round the Sun in an orbit between
those of Mars and Jupiter, and scattered the fragments
in various directions. Though this theory would account
for the peculiarities of these minute planets, the neces-
sity for making any such supposition is to a great extent
removed by the discovery of systems of much smaller
bodies, the meteors, revolving round the Sun; and there
remains the great difficulty in accepting it, that the



64 MOTION OF PLANETS AMONG THE STARS.

asteroids, having all started from the place of explosion,
must in their course round the Sun all return to it, so
that all their orbits ought to have some common point
of intersection, which is not only not the case now, but,
ag far as we can judge from theory, never could have
been true unless the present orbits have been disturbed
by some unknown cause.

. Thus far we have confined our attention to the
apparent motions of the planets with respect to the
Sun 80 as to present the subject in its simplest form;
by allowing for the motion of the Sun among the
stars it will not be very difficult to find that of the
planets. The first point of which we must take account
is that, since they move nearly uniformly in circles
about the Sun, they will appear to move faster with
reference to the Sun when they are near ms. It is
farther necessary to distingmish between inferior and
superior planets : the former oscillate about the Sun,
moving sometimes eastward sometimes westward to
or from him ; the latter move round and round always
westward, as. explained above. Taking any inferior
planet at superior conjunction, the planet is moving
eastward from the Sun, and the Sun is moving eastward
among the stars, so that the planet’s motion among the
stars is eastward, or direct as it is ealled ; this will con-
tinue till the planet has turned, and ' its motion towards
the Sun has become equal to the Sun’s motion among
the. stars, when for the moment it will be stationary
among the stars, after which the planet’s apparent
motion towards the Sun will become more rapid as it
gets near the earth, and moving faster westwards towards
the Sun than the Sun does among the stars, its motion
among the stars will also be westward, or retrogrwde.
This will always be the case at inferior conjunction, for the
several planets move more quickly the nearer they are
to the Sun, the time they take to complete their circles
decreasing miore rapidly than the size of those cireles
as we go from the outer planets to the inmer; thus
Venus takes 18; of the time taken by the earth, but her
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circle is £ of that of the earth, which is a larger fraction
than % (§ is equal to §% and % to §¢). The velocities
of the different planets are given in the table at the
end. :

Let us now take the case of a superior planet. Im
conjunction its motion westward with respect to the
Sun is less than the Sun's motion eastward, so that its
resulting motion among the stars is eastward, or direct,
just as in the case of an inferior planet. As opposition is
approached the motion westward with respect to the Sun
increases till it becomes equal to the Bun's eastward
motion, when the planet is for the moment stationary
among tho stars, after which, the westward motion still
increasing, the planet will move among the stars in a
westward or retrograde direction.

These may be taken as the results of observation,
but it is desirable to explain how they follow from
the motions of the planets in their orbits with the
velocities given above. At superior conjunction, whether
for an inferior or superior planet, the earth and the
planet are on opposite sides of the Sun, and are
therefore moving in opposite directions, so that the
earth’s motion makes the planet appear to move faster
eastward, the effect of a motion of the spectator being,
as explained before, to make objects appear to move
in the opposite direction. At inferior conjunction for
an inferior planet, or at opposition for & superior,
the earth and the planet, being on the same side of the
Sun, are moving in the same direction ; in the case of an
inferior planet the planet’s motion is greater than that
of the earth, and is westward, as seen from the earth,
which is outside the orbit, in the same way as Sun-spots
as seen from the earth move from east to west, though
the Sun’s rotation is, like the motions of the planets,
eastward. From this it results that at inferior conjunc-
tion the planet appears to move westward as if it had a
velocity equal to the difference between its actual velo-
city and that of the earth; this would be for Mercury
about 11 miles, and for Venus about 8 miles in & second.

E
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In the case of a superior planet in opposition the earth’s
motion makes the planet appear to travel westward
faster than the planet actually moves eastward in its
orbit, so that the apparent motion among the stars
is westward, Mars
seeming to move
with a velocity of
84 miles in a
second,  Jupiter
with a velocity of
10 miles, Saturn
of 12 miles, Ura-
nus of 14, and
Neptune of 15, be-
ing the difference
between the earth’s
velocity and that
of these several

p!anetsolfr.l their O GONJUNCTION AND OPPOSITION OF VENTUS,
pxts. course in THE EARTH, AND MARS,
intermediate posi- The arrows show the motions of the

tions between con- geveral planets in equal times.

junction and oppo-

sition, or superior and inferior conjunction, we shall have
intermediate motions, the apparent movement being in
every case retrograde for a greater or less arc about
inferior conjunction or opposition. It may at first sight
seem strange that the earth’s motion should at the
same time make an inferior planet at inferior conjunc-
tion and a superior planet in opposition appear to move
in opposite directions, but this is readily explained by
the circumstance that the planets in the two cases are on
opposite sides of us, it being understood that east and
west merely refer to the sense in which a planet turns,
a westward motion being in the same direction as the
Sun’s daily motion from its rising in the east to its
setting in the west; so that the east and west parts of
any orbit simply depend on the point from which we
are looking at it, the east being to our left and the west
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to our right as we look south, and just the opposite as
we look north.

Since Mercury and Venus pass between the earth
and the Sun at inferior conjunection they will sometimes
cause partial eclipses, though from their small apparent
gize the amount of light they cut off, when directly
between us and the Sun, is hardly appreciable, these
planets passing over the Sun’s disc as small round black
spots, on accounf of which these phenomena are not
called eclipses but Transits (i.c., passages). Just as in
the case of eclipses caused by the Moon, such transits
will only occur when the planet is near one of its nodes ;
now if Mercury be in its node at one inferior conjunc-
tion, when it next comes to inferior conjunction Mercury
will have made 1} revolutions, and the earth a third of
a revolution about, so that it will be far from the node
of Mercury’s orbit, and the planet therefore out of the
direct line between the earth and the Sun. Next time the
earth will have moved through two-thirds of a revolu-
tion from the first position, and at the third conjunction
will have returned nearly to the same point of its orbit,
having completed very nearly one revolution ; if it had
done so exactly there would be another transit, but
after three inferior conjunctions the earth has still about
#r of a revolution (17} days) to go, and is therefore too
far from the node; after another three conjunctions it
will be 2 of a revolution short, and so on, until after 21
conjunctions it has fallen a third of a revolution behind
the starting place, so that the next conjunetion brings it
very near the node again (within one day about), Mer-
cury having completed 29 revolutions in 7 years very
nearly, and another transit may now take place. The re-
turn to the node would fall between the sixth and seventh
years, so that after 13 years there is a more exact
return, and transits generally happen after this interval,
though the eccentricity of Mercury’s orbit introduces

" considerable irregularity into these periods. All this
refers to one node only, at the other there will be
another series of transits.

E 2
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In the case of Venus, whose year is & of ours, the
return to the node will take place very nearly after 8
of our years or 18 of those of Venus, Venus being then
only 1} days from node may again transit the Sun, but
after another 8 years she will be 8 days off, and the
tilt of her orbit taking effect, no transit will occur; nor
will one take place again till after 235 years, when the
error of 1} days of the motion of Venus in every 8
years has amounted to one-fifth of 225 days, so that
another of the five conjunctions which take place in eight
years at different parts of the orbit of Venus will now
fall at the node. The ascending node of Venus is in a
line with the earth at the beginning of December, and
transits have taken place in that month in 1631, 1639,
and 1874, after which there will be another in 1882;
at the descending node the transits, which occur always
in June, are those of 1761, 1769, 2004, and 2012.
Transits of Venus are of the greatest value to the astro-
nomer for the means which they afford of determining
the Sun's distance, and thus fixing the scale of the
whole solar system. The distance of the Sun is so
enormous as compared with any base line we can get on
the earth, that his parallax cannot be determined with
sufficient accuracy by the method used for the Moon ;
but as the planet Venus, when nearest, is only £ of the
Sun’s distance the parallactic shift will be %, or 84 times
that of the Sun ; even this quantity is very small, and
instead of attempting to determine it directly it is better
to find the shift of Venus relatively to the Sun. This is
a slightly different problem from the other, for in this
ease we only determine how much more Venus is
shifted than the Sun, and not the absolute shift of
either. When two bodies at different distances are seen
on the same straight line the nearer appears to be
shifted relatively to the other by a shift in the spec-
tator’s position, but in the opposite direction. If each
body be removed to twice its distance from the spec-
tator, thus keeping the distances in the same propor-
tion, the amount of this shift will be halved, whilst if
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they be each brought to half their original distances it
will be doubled. If then the proportion of these dis-
tances be known, the shift or parallactic displacement
will enable us to determine both the distances. Now in
the case of Venus and the Sun the proportion of the
distances can be found with the greatest accuracy by
means of the periods of revolutions of Venus and
the earth, as will be explained shortly, the approximate
ratio found from the changes in the diameter of Venus
being 2. Thus the shift of Venus being 3} times that
of the Sun, her shift relatively to the Sun will be 2}
times the same quantity. The most accurate way of
measuring the very small quantity we are dealing with
is to refer it to the very slow motion of Venus in her
passage across the Sun’s dise, by noting at two stations
widely apart the exact instant at which that planet is
seen to enter wholly on the Sun's dise, or to begin to
leave it. In order that parallax may produce its
greatest effect, on the time of ingress, the shift must be
perpendicular to the Sun’s limb where Venus enters, and
therefore the two stations should be separated from each
other in the direction of a line joining this point with
the Sun's centre.

In the transit of 1874 Venus crosses the northern
part of the Sun's face obliquely in a north-west direction,
and Australia is nearly in the middle of the hemisphere
which is turned towards the Sun at ingress, whilst the
Indian Ocean occupies that position at egress s~me 8}
hours later. The best stations for ingress will there-
fore be in the North Pacific and in the Southern Ocean,
about 10° due south of the Cape of Good Hope, and
for egress in Siberia and on the Antarctic continent.*
The greatest shift would be produced when the Sun is
at opposite points of the horizon for the two stations ;

* The explanation given in the case of the Moon’s parallax, with
the aqeomggnying figure, on page 51, will assist the reader in under-
standing this clearly. In the lower left-hand figure, d will represent
Venus at e on the Sun’s disc reversed, i.e., as she would be seen

from the other side of the Sun, if it were transparent and we looked
through it, .
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but as in that case we could not see the phenomenon
well on account of the low altitude of the Sun, the
stations must be so chosen that the Sun is sufficiently
high and yet that the parallactic shift is considerable.

In the transit of 1882 Venus passes, still in a north-
west direction, over the south part of the Sun's face,
the transit occurring before she arrives at the ascending
node. At ingress the east of Brazil, and at egress the
West Pacific Ocean, are respectively in the middle of the
hemisphere turned towards the Sun, so that ingress
would be most retarded on the west coast of North
America, and most accelerated at Kerguelen’s Island,
while for corresponding effects at egress Australia and
the North Pacific would be the best positions.

So far we have considered tho effect of parallax on the
ingress at two places, as distinct from the effect on the
instant of egress, which is Delisle’s method of treating
the question ; and this implies that we can compare
the clocks at the two stations so as to know the dif-
ference of the two observed times. Now the only way
of doing this for places not connected by telegraph is
to set the clock to local time, and then to determine the
difference between local and Greenwich time, or the
longitude of the place, which may be done by the help
of the Moon, as explained in Chapter III., and if a large
number of observations be made the value of the longi-
tude so found will probably be true to a single second.
Now the quantity we have to measure is, under the most
favourable circumstances, only 50 seconds of arc, a mag-
nitude barely visible to the naked eye, and Venus takes
25 minutes of time to move over this space on the Sun’s
disc, so that an error of one or two seconds in setting
the clock to Greenwich time at the different stations is
not of so much consequence.

Another method has, however, been proposed for
taking advantage of this slow motion of the planet with-
out the necessity of setting the clocks to Greenwich time.
Suppose we can find a station at which ingress will be
accelerated and egress retarded, and therefore the dura-
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tion of the whole transit lengthened, and another station
at which exactly opposite effects will be produced and the
duration shortened, then it is evident that it is sufficient
to observe these two durations without comparing the
clocks, and this is the method which Halley proposed.
This difference of duration is the result of two causes:
in the first place, an observer at a northern station will
see Venus further south, and therefore nesrer the Sun’s
centre, in the transit of 1874, which will lengthen the
path across the Sun; and, in the second place, the
rotation of the earth will carry the observer further to
the east at egress, and will therefore apparently shift
Venus to the west, and so hasten the egress. But this
latter caumse aﬁ'ects both northern and southern stations
nearly alike in the transit of 1874, so that we have only
to consider the difference of paths, which will be greatest
for stations in Siberia and the Antarctic continent, the
north and south parts of the hemisphere turned to the
Sun. In the Transit of 1882 the longer path will cor-
respond to the southern station ; and further, as theSouth
Pole is turned towards the Sun, if a station be taken
near the south part of the earth’s disc as seen from
the Sun, the earth’s rotation will carry the place west-
ward (the Sun being below the Pole), and therefore still
further lengthen the duration of transit as compared
with a place on the west coast of North America, where
the earth’s rotation combines with the parallactic shift
to shorten the duration. But unfortunately some of the
places which give the greatest parallactic shift are prac-
tically inaccessible, and astronomers have to be content
with the best available islands in the Southern Seas, the
great Antarctic continent being virtually closed against
them.

Before dismissing this subject we must allude to
another valuable method, in which photographs of the
Sun, with Venus as a black spot on his face, taken
during transit, at northern and southern stations, will
be made use of, the quantities to be compared being in
this case the distances of the planet from the Sun’s
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centre, as measured afterwards on the photographs.
The way in which these measures may be made avail-
able will readily be seen by considering that a comparison
of the times when Venus is at the same distance from
the Sun’s centre for two stations is exactly equivalent
to a comparison of the times when the planet is at the
distance of the Sun’s semi-diameter, %.e., on the Sun’s
limb at ingress or egress, the case which has been
already considered. The same result may be obtained
by measuring the distance between the centres during
the transit ; but though such measures may be made
with great accuracy, the photographs have the advan-
tage of giving a permanent record, which can be
examined with the greatest care afterwards.

Though Transits of Venus offer the most favourable
opportunity of determining the Sun’s distance, they are
such rare phenomena that astronomers have not been
content with trusting to them alone, but have obtained
very accurate results from another planet, Mars, which,
in opposition, approaches us almost as closely as Venus
herself ; this is especially the case when the opposition
of Mars takes place in that part of his oval where he
i8 nearest to the Sun, which will bring him nearer to us
by a fifth part of his average distance in opposition,
whilst, if this take place in summer, when the earth is
farthest from the Sun, the distance between the two
bodies will be still smaller, being less than 3 of the
Sun’s distance. The mode of observation is exactly
the same as in the case of the Moon, though the quan-
tity to be measured is a hundred times smaller, so that
there must necessarily be considerable uncertainty; it
appears, however, from the comparison of many obser-
vations made in the northern and southern hemispheres
in the favourable opposition of 1862, that Encke's
value of the Sun’s parallax, deduced from observations of
the Transit of Venus in 1769, was fully 13; of a second
of arc in error, and that the Sun’s distance was in con-
sequence over-estimated by about one-thirtieth part,
making it about 92 millions of miles instead of 95 millions,
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an error which has been referred to a misunderstanding
about the place of the Transit seen by some of .the ob-
servers. This correction is supported by an indirect
determination of the Sun’s distancs, from the velocity of
light and the time it takes to reach us from the Sun, in

consequence of which eclipses of Jupiter’s moons (of
which there are four) are found to take place, on the
average, 84 minutes earlier than the predicted times,
when we are mearest to him in opposition, and 8% -
minutes later when we are on the opposite side and
Jupiter near conjunction, light having then to traverse
the extra distance across the earth’s orbit as compared
with the length of its journey in the former case, from
which it is inferred that light takes 16} minutes to
traverse the earth’s orbit, which, with a velocity of
about 186,000 miles a second, makes the distance of
the Sun 92 millions of miles. Nearly the same result
follows from the relation between the velocity of the
earth in her orbit and the velocity of light. If the
earth were at rest we should see all the heavenly
bodies in their actual places, but as the earth is moving
with about a ten thousandth part of the velocity of
light, the light of a star will seem to come from a
slightly different direction in consequence of our own
motion. This effect was first observed by Bradley, and
the true explanation of this apparent deviation in the
position of a star (which he called aberration) was sug-
gested to him by observing that when a boat was
beating up against a head-wind, the vane pointed in
shghtly different directions according as the boat was
moving in one direction or the other. Thus with a
side wind the boat’s motion would make the wind seem
a little a-head, as by its passage through the air the
boat would make a slight head-wind, which, combining
with the real breeze, would make it seem to blow a little
from the bow of the boat, whichever way that. might be.
Thus, suppose the wind blowing from the north, if the
boat be sailing in an easterly direction the wind will,
according to the vane, seem to come a little from the
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east, say N.N.E., while it will apparently shift to
N.N.W. when the boat sails in a westerly direction..
The same effect may be noticed from the motion of a
carriage, or when running with a side-wind, the result
being that the wind seems to come more from the
direction in which we are moving. Just the same
happens with the light of a star, which, like the wind,
appears to come rather more in the direction in which
the earth is moving. It is accordingly found that the
apparent position of a star shifts with the direction of
the earth’s motion, the shift being greatest when the
earth is moving sideways with respect to the star’s
direction, and nothing at all when directly to or from
it. The faster the earth moves the greater will be this
apparent shift, and the proportion of the earth’s velo-
city to that of light will be given by the amount of
shift. It may be remarked that the aberration of stars
affords us a direct proof of the motion of the earth _
round the Sun, as such a shift cannot be aceounted for
on any other supposition. In the case of the planets
there will be a double shift caused by the planets’ and
the earth’s motions together, and instead of allowing
for both of these separately, it is more convenient to
find, from the known distance of the planet at the in-
stant, the time which light takes to reach us from it,
and to ¢onsider that the observation was made so much
earlier, or, in other words, to antedate the observation
by this interval. A little consideration will show that this
amounts to the same thing as correcting for the shift ;
for the earth’s motion will shift the planet appa.rently
forward (i.e., in the direction of this motion) by the
space through which the earth has moved while the
ray was coming, and thus the planet will be seen in
the same direction as if it remained where it was when
the ray left it and the earth was shifted back to its
position at the same instant, since, as we have already
explained, such a shift of the earth backward will
apparently shift the planet forward through the same
space. Tables being formed which give the places of
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the planets and the earth at any instant, it is thus easy
to compare the observations made at any particular
time with the places from the tables for an instant pre-
ceding this by the number of seconds which light takes
to cover the distance between the planet and us, and
thus the accuracy of the tables can be checked and
corrections to them made when necessary.

On comparing the velocities of different planets with
their distances from the Sun it will be seen that the
former decrease as the distances increase, but not so
rapidly ; thus the velocity of Mars is half that of Mer-
cury, but his distance is four times as great; the
velocity of Saturn is one-third that of the earth, but
his distance is about nine times as great ; the velocity
of Uranus is about one-fifth that of Venus, whilst his
distance is nearly twenty-five times as great. Now
these numbers (which are only approximate) suggest a
connection between the velocity of a planet in its orbit
and its distance from the Sun, of such a kind that the
distance increases as the square of the velocity de-
creases ; thus the square of the velocity of Mars is one-
fourth t.ha.t of Mercury, while the distance is four tunes,
and where more exact calculations are made this rale is
found to hold in all cases. This great law was disco-
vered by Kepler, and was put by him in a slightly
different form, viz.:—that the squares of the periodic
times, or years, of the several planets increase as the
cubes of their distances from the Sun; which follows
from what has just been stated, since the period in-
creases as the size of the circle increases and as the
velocity decreases ; so that the square of the periodie
time increases as the square of the distance from the
Sun increases, and as the square of the velocity de-
creases ; but the square of the velocity decreases as the
distance increases, whence finally the square of the
periodic time increases as the cube of the distance.
This is known as Kepler's Third Law, the other two,
which were derived from laborious calculations founded
on a large number of observations of the planet Mars
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in the first instance, and afterwards extended to the
other planets, are : first, The planets describe ellipses*
(or ovals), of which the Sun occupies one focus;
second, the motion in these curves is more rapid in
the part of the curve nearest the Sun, so that the fan-
shaped sector which the line drawn from the Sun to the
planet sweeps out in one day (or in one month) will be of
the same area, though of a different shape, in all parts
of the orbit, the angle being larger when the distance
from the Sun is less. If the oval orbit be cut out of
cardboard and cut through the points where the planet
is at the beginning of each month, so as to form wedges

. MOTION IN AN ELLIPSE,

The arcs marked off are each described in a month or twelfth
part of the planet's year. The lines from the arrows to the curve
show the through which the Sun draws the planet, in a month
and in a month respectivel{. The elli)-e is rather more oval
than that of the Minor Planet Polyhymnia, and twice as oval as that
of Mercury.

* An ellipee is an oval curve, which may be traced by t&g two
ends of a piece of thread to two pins fixed on a drawing 80
that the thread is more or less slack, and running a pencil round in
the slack of the thread. The two pins will be at the two foci, and
according as the thread is more or less slack, t.e., the pins propor-
t.i::lately nearer or further apart, the ellipse will be Jess or more
oval,
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having their points at the place of the Sun, all these
wedges will be of exactly the same weight.

These three laws were established by Kepler as a result
of observation ; it remained for Newton to discover the
principle from which these motions followed, in the law
of Universal Gravitation, by virtue of which every
particle in the universe pulls every other particle
towards it with a force which decreases as the square of
the distance between the particles increases. Newton
proved by pure reasoning that such a force would be
capable of making the planets move about the Sun in
accordance with Kepler's Laws, if the Sun were sup-
posed to consist of an enormous quantity of matter (in
correspondence with his vast size) which would pull the
planets, without their pull on him having much effect in
moving his large mass. Similarly, the attraction be-
tween the earth and the Moon would be capable of
making the Moon move in such an orbit as she actually
describes. The next step was to show that the attrac-
tion of the earth, which makes an apple fall, is really
the force which keeps the Moon in her actual orbit.
Now an apple (or a stone) at the earth’s surface falls
sixteen feet in the first second through the earth’s
attraction, and at the distance of the Moon, which is
sixty times as far from the earth’s centre, it would fall
w58 of a foot, or about 4 inch in the first second if the
force decreases as the square of the distance increases.
Now the Moon really falls towards the earth by exactly
this amount, though not in & direct line, for if left to
herself at any instant she would go off in a straight
line; but the earth gives her a pull which brings her
into a carve, and the distance between her position in
this curve and the straight line in which she would
have gone off one second before, represents her fall
towards the earth in the first second, which is found to
be exactly #; inch. It may appear difficult to under-
stand how the Moon can be continually falling towards
the earth -without ever reaching it, but it must be
remembered that her motion, if left free at any instant,
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continually tends to carry her away, and that it requires
a continual fall towards the earth to keep her in her
course, this fall being, of course, in different directions
at different parts of her orbit, since it is always directed
towards the earth. This continual fall * towards the
centre of motion is made sensible in a railway carriage
running along a sharp curve ; the passengers seem to be
thrown outwards, because their tendency is to move in
a straight line whilst the carriage is kept to the rails
and being continually pulled towards the centre of the
curve. In the same way if a stone tied to a string be
whirled rapidly round, a strong pull on the hand holding
it will be felt, and -as soon as the string is let go the
stone will fly off in the direction in which it was going
at that instant. Although it is convenient to speak of
the earth’s attraction on the Moon, or the Sun’s on the
planets, yet really the earth does not pull the Moon
more than the Moon pulls the earth, the law of gravi-
tation being merely that there is a pull between them
which tends to bring them closer together, but the
earth, being more massive than the Moon, will not be
moved so much. The case of a large and small stone
tied together by a string and flung into the air will
illustrate this; the pull on each, communicated through
the string, is the same, but the small stone will circle
round the large one, which pursues nearly the same
course as if alone, being hardly disturbed by the pull
through the string. With the earth and Moon the
real state of the case is that every particle of the Moon
pulls every particle of the earth, and every particle of
the earth pulls every particle of the Moon with equal
force, but there being more particles in the earth, the
pull of the earth on any one particle of the Moon is
stronger than the pull of the Moon on any one particle
of the earth, though the pull of the earth on the Moon,
as a whole (i.e., on all its particles), is exactly equal
to the pull of the Moon on the earth as a whole. In

* This word is here used in an extended sensetoex'pressthere-
sult of a pull towards any centre, not merely to the earth's centre.
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consequence of this mutnal pull both the earth and Moon
will move about a point in the line joining them, which
is much nearer the earth than the Moon. This point is
commonly called the centre of gravity of the two bodies,
and is such that if we imagined them connected by an
enormous rod, they would balance about this point, just
as a large and small stone fixed at the two ends of a stick
will balance about a point of the stick nearer the large
stone. The motion of the earth and Moon will then
be exactly the same as if they were connected by an
elastic string, a certain point of which (the centre of
gravity of the two bodies) is made to revolve round the
Sun once a year, whilst both earth and Moon whirl
round this point in ellipses once in a lunar month, the
string stretching more or léss, so that the distance be-
tween them alters. The motion of the Moon as seen
from the earth will then be exactly the same as if she
were moving in an ellipse about the earth at rest; but
the earth’s motion about the Sun will not be an exact
ellipse, but an orbit, something like that of the Moon
round the Sun, though the deviation from a true ellipse
(caused by the pull of the Moon) is very much less.
One consequence of this pull on the earth remains to
be noticed, viz., the tides. These are caused by the
attraction of the Moon and Sun pulling the waters of
the ocean, which are turned towards them (and there-
fore somewhat nearer) more than the solid mass of the
earth (which is pulled just as if it were all collected at the
centre), and thus the water on the part turned towards
the Moon is heaped up, and similarly for the Sun’s
action. Again, the Moon (or Sun) pulls the earth
more than the water on the other side, and therefore
draws the earth away, causing high water also on this
side. From this it would follow that there would be a
lunar tide with high water when the Moon is on the
meridian (both above and below the horizon), and also
a solar tide with high water at noon and midnight.
And this tide will be higher the nearer the Sun (or
Moon) is to the Zenith or Nadir of the place, whence
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it follows that in summer the higher of the two solar
tides is at noon, when the Sun is nearer to the Zenith
than it is to the Nadir at midnight, whilst in winter
the opposite is the case; and similarly for the Moon,
according as she is north or south of the equator.
In all this the earth’s rotation has been neglected, the
effect of this being to make the time of high water
somewhat later, as the Moon has passed the meridian
before its attraction has had time to produce its effect ;
and further, the reasoning only applics to the open
ocean, there being no sensible tide in lakes and inland
sens, where no great mass of water is acted on ; oven
in the Mediterranean the rise of the tide is hardly per-
ceptible. In channels and narrow seas the tidal wave
eomes from the ocean, and often takes many hours to
traverse them ; this will make high water so much
later, giving rise to what is known as the Establishment
of the Port, or the time that high water is after the
meridian passage of the Moon and Sun, when they
transit together at New and Full Moon. Since both
Sun and Moon produce tides, they will, when pulling in
the same or opposite directions, canse a much higher
tide than when pulling at right angles, the high water
caused by the Sun in the latter case partly filling ap the
low water due to the Moon, whilst at New or Full Moon
the times of high water from both sources are the same,
and they conspire to produce high tides, known as
Spring Tides, those at first and last quarter being called
Neap. The time of high water in the open ocean is in .
the latter case intermediate between the meridian pas-
sages of the Sun and Moon.

The height of spring tide at any place is found
to be about 21 times that of neap at the same
place ; and as the solar tide is added to the lunar
in the former case and subtracted from it in the
latter, it follows that the effects of the Moon and
Sun are as 6 to 2. Now the effect of the Moon in
raising a tide (bethg the difference of her pull on the
water and on the earth’s centre) is the mass of the
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Moon multiplied by the difference between 4i; squared
and 54 squared, which is very nearly twice the mass of
the Moon divided by the cube of 60.* Similarly the
effect of the Sun will be twice his mass divided by the
cube of his distance (expressed in radii of the earth, as
in the case of the Moon), which is 28,200, and this
latter effect is 2 of that of the Moon, so that his mass
is about # of 28,200 cubed divided by 60 cubed, or
nearly 3 of 400 cubed i.e., 25 million times that of
the Moon. Now the Sun’s diameter is 108 times that
of the earth, whilst the earth’s is not quite four times
that of the Moon, so that the Sun’s diameter is about
400 times that of the Moon, and his bulk 400 cubed
(or 64 million) times the Moon’s, the bulk of a globe
being proportional to the cube of its diameter. From
this it follows that, as the Sun’s mass is § of 400 cubed
times the Moon’s, his density is  of hers, the densities
being proportional to the quantities of matter in equal
bulk. This is only a rough approximation to the truth ;
indeed the method is mnot susceptible of any great
accuracy, and is only given as an instance of the way
in which one heavenly body may be weighed, as it were,
against another. In the case of the earth and the
Sun, Kepler's Third Law enables us to find the pro-
portion of the masses pretty accurately; for it is easy
by this law to find the velocity with which a body
would go round the Sun at the same distance as the
Moon from the earth, though this is a purely ideal case,
since the Sun’s diameter is much greater than that of
the Moon’s orbit. The earth’s distance from the Sun
is nearly 400 times that of the Moon from the eartlr,

whence the square of the velocity of this i

body going round the Sun would be 400 times the
square of the earth’s velocity in her orbit; and as 400
is the square of 20, we have the velocity of the fictitious
body equal to 20 times the earth’s velocity, or 864
miles a second ; whilst the Moon’s velocity under the

. 1 .. 119 2

1 1 120 . 9
593~ §03 = 593 goa Which is very nearly 53565 = 43,
r
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influence of the earth’s attraction is a little over &
of a mile in a second. Thus the Sun’s attraction
can retain a body in an orbit of the same size as the
Moon’s when moving with a velocity nearly 600 times
ag great as hers, so that as the earth pulls the Moon
towards it through %5 inch in one second, the Sun
would pull a body at the same distance through this
space in 4} of a second. Now from the laws of falling
bodies, a body pulled through 44 inch in }y second
would be pulled through 860,000 twentieths of an
inch in one second;* so that the Sun’s pull in one
second is 860,000 times that of the earth on a body at
the same distance, and therefore he must have 860,000
times the number of attracting particles that the earth
has—in other words, his mass is nearly 860,000 times
that of the earth; but his bulk is 108 cubed, or about
1,250,000 times that of the earth, so that his density is
only a quarter that of the earth, or about 1} that of
water, the density of the earth, as we shall presently
see, being about 5% times that of water. The Moon's
density is nearly 2} times that of the Sun, and there-
fore nearly § that of the earth, and her mass about 45
of the earth’s mass. The above method may be ap-
plied to find the proportion of the mass of any planet
which has & moon, to the Sun, all that is wanted being
the distance of its moon and the length of the lunation ;
but in the case of other planets the problem is more
difficult, though astronomers are able to make a fair
approximation to the masses of such planets by the
help of the attraction which they exert on their neigh-
bours, pulling them a little out of the course which
they would pursue if the Sun were the only attracting
body, as he is by far the most important. The devia-

* A heavy body on the earth falls through about 16 feet in the
first second of its fall ; 64 = 4 X 16 feet in two seconds from the
start; 144 =9 X 16 feet in three seconds; its speed increasing as
the number of seconds from the start, and the space through which
it is pulled by gravity as the square of the number of seconds.
The eame will apply to fractions of a second, the space through
which a body falls in {; of a second being 4* X 16 = ‘16 foot, in
- ebs of a seeond 85 foot,
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tions from exact ellipses round the Sun are, however,
so small that it is only where great accuracy is aimed
at that Kepler's Laws have to be slightly modified, the
only exception being the Moon, which is greatly dis-
turbed by the Sun’s attraction, though the earth is still
for her the preponderating influence.

It remains now to determine the mass of the earth
a8 compared with our unit of mass, a pound (or a
kilogramme). Three methods have been used for
solving this problem. The first compares the attraction
of a mountain with that of the earth by observing the
deflection- of a plumb line on opposite sides of the
mountain, the angle between the zenith (which is the
direction of the plumb line) and the pole being
measured, and allowance made for the distance in
miles that one station is north of the other. Now
the mass of the mountain in pounds can be found from
its size and average density, and its average distance
from each station being known, as well as that of the
earth’s centre, the comparison of the attractions of the
earth and mountain gives the mass of the earth in
terms of that of the mountain, and therefore ultimately .
in pounds. In this way Maskelyne found that the
attraction of the Scotch mountain Schehallien was
about ;ylgoth part of that of the earth, and the
same method has been applied to other mountains.
The second method is known as the Cavendish experi-
ment. In this case the deflection of two balls con-
nected by a light wooden rod, and suspended in a
horizontal position by a long wire attached to the
middle of the rod, was observed when two large
leaden balls of known mass were brought near the
suspended balls. The attraction of the earth on the
latter could be inferred from the time in which they
vibrated horizontally (by the twisting and untwisting
of the wire), and the proportion of the earth’s attraction
to that of the leaden balls was thus obtained, and from
this the mass of the earth. The principle of the third
method, which was applied lz)y‘Sir George Airy in the

F
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Harton pit, is to find the difference between the at-
traction of the earth at the surface and at the bottom
of a coal-pit, where the attraction of all the outer layer
produces no effect. In this case the attractions were
measured by observing the number of vibrations made
in equal times by a pendulum at the surface and at the
bottom of the pit, the force which makes the pendulum
oscillate varying as the square of the number of vibra-
tions in a given time. A pendulum at the bottom of
the pit was found to gain 2} seconds a day more than
at the surface, and the density of the earth was hence
concluded to be about 6} times that of water. The
other methods gave smaller values, so that the average
of all the determinations gives a density of about 5%
times that of water, or twice that of surface strata.
The bulk of the earth being known in cubic mileg
from its radius, there is no difficulty in calculating
its mass in pounds; but the number is so enormous,
that it conveys no idea to the mind, and is therefore
not given here.

A curious progression has been observed to hold
approximately in the distances of the planets from the
Sun; and, though no reason has been given for any
such law, it is a useful aid to the memory, and deserves
mention from its having called attention to the gap
between Mars and Jupiter, and thusled to the discovery
of the minor planets. According to this so-called law
of Bode (or Titius), the intervals between the orbit of
Mercury and those of the other planets go on doubling
as we proceed outwards, the distance from the Sun of
the several planets, Mercury, Venus, the Earth, &e.,
being roughly as the numbers, 4, 7, 10, 16, 28, 52, &c.,
or, 4, 4+8, 4+8x2,4+8x4, 4+3x8, 4+8x16,
&e.; but it must be remarked that the distance of
Neptune, according to this law, should be 892 instead
of 800, its real value.

Thus far the size and density of the planets have been
considered, but when they are examined with a power-
ful telescope some further information may be gained,



ROTATION OF PLANETS. 85

the chief point being the determination of the period of
rotation, which is found, as in the case of the Sun, by
watching the movement of any markings which may be
seen on the disc. In this respect the planets, which all,
as far as is known, turn from west to east, like the Sun

and the earth, may be divided into two classes, the four
inner, Mercury, Venus, the Earth, and Mars, rotating in
about the same time, whilst the day for Jupiter and
Saturn (and probably for Uranus and Neptune) is about
ten hours. In the case of Mercury and Venus, evidence
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a8 to markings or spots is so conflicting that very little
confidence can be placed in the values given for the
length of their day. They are generally seen as brilliant
spotless discs, gibbous or horned, like the Moon ; Venus
in particular being so dazzlingly white in a powerful
telescope a8 to require the use of a coloured glass to
moderate her light. Mercury is about three-eighths of
the size* of the earth, whilst Venus is slightly larger
than the earth, and of about the same density. Next
to nothing is known of their physical nature, except that
they show in their transits across the Sun signs of an
extensive atmosphere, giving rise to a ring of light,
which is seen round the edge outside the Sun s dise,
and probably the cloudy state of this atmosphere
prevents our ever seeing the real body of either.

The case is very different with Mars, which exhibits
well-defined ruddy and blue-grey markings, which have
been called respectively continents and seas, besides
white spots at the poles of rotation, which are supposed
to be snow or ice. These conclusions can only be
accepted provisionally, but there is, at any rate, more
justification for the terms than in the case of the Moon,
Mars having probably an extensive atmosphere. He is
rather more than half the size of the earth, and of
somewhat less than § of its density.

Of such minute bodies as the asteroids nothing is to
be made out, but the next planet, Jupxter, is a magni-
ficent spectacle, being more than ten times the size
of the earth, though only } of its density, and
attended by four moons about the size of ours, These
sometimes cross his disc, the shadow being also seen to
traverse it, thus causing an eclipse of the Sun to the in-
habitants of Jupiter; whilst at other times they are
themselves eclipsed in the planet’s shadow, or occulted
behind his disc. These two latter phenomena are quite
distinet, the former taking place when the satellite is
hidden from the Sun, though to us, perhaps, apparently
at some distance from the planet’s disc, the latter when

* This word is used as referring to diameter, not bulk,
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the satellite is hidden from us. - The times at which
these two phenomena occur will be different unless
the earth and Sun happen to be in a line with the
planet, which will be the case in opposition. Before
opposition, Jupiter being eastward of the prolongation
of the line joining the earth and Sun, the eclipses
will take place when the satellites are west of the
planet, the earth looking round that side as it were,
whilst after opposition the reverse will be the case.
The motions of the satellites are eastward, and, like
our Moon, they appear to turn on their azes once
in each revolution round the planet, certain variations
of brightness having been observed to recur at such
intervals, as if a dark and a bright side were turned to-
wards us in succession. Their orbits are very slightly
inclined to that of Jupiter, so that eclipses of the three
inner moons occur every lunation, and of the fourth
very frequently, Jupiter's shadow being large as com-
pared with their distances. Their periods are 1§, 81,
71, and 16} days respectively, and their distances 6,
93, 154, and 27 times the radius of the planet.

The disc of Jupiter is usually distinguished by several
bright belts parallel (or nearly so) to his equator, which
have been supposed to be clouds formed by the trade
winds, which, from his rapid rotation, must be nearly
due east, and the rapid changes in the form of the belts
confirm this idea. Some of the belts are reddish, with
dark belts between of greenish grey, and this variety of
hue seems more marked in some years than in others.

Somewhat similar belts are seen on Saturn, but the
striking feature of that planet is a wonderful ring, or
rather system of rings, 70,000 miles in diameter, or one-
third the size of the Moon’'s orbit, which we see more
or less edgeways, they being inclined some 28° to
Saturn’s path. When we are nearly in a line with the

" crossing points (or nodes) of the ring with our plane,
they are seen as a bright fine line crossing the planet
parallel to the belts; this line disappears altogether
when we see the rings exactly edgeways, so that the
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thickness must be very small, not more than a few
hundred miles. These disappearances will occur at
intervals of nearly fifteen years, half the Saturnian year,
there being two parts of his orbit corresponding to our
spring and autumn, for which the ring is placed edge-
ways with respect to the Sun, and therefore nearly so
to the earth, which to an inhabitant of Saturn never

1RR9 1879
9881 3881
1875 1877
0881 8181

PHASES OF SATURN'S RINGS FROM 1869 TO 1877, AND FYROM 1878 -
TO 1885, (For the latter turn the figures upside down.)

The figures are not intended to show the tilt with reference to
the”eclipﬁc, which can be inferred from the figure of the Seasons,
P. 02, :
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séems to wander more than 6° on either side of the Sun.
‘When the earth and Sun look at opposite sides of the
ring (which is sometimes the case about the time of dis-
appearance) it will only be seen as a black belt crossing
the planet, and invisible outside the disc ; in such cases
there will be two disappearances close together, the
first when the earth crosses from the bright side to the
dark, and the second when it returns from the dark to
the bright side of the ring. The phases presented by
Saturn’s ring are exactly analogous to the appearances
of the earth’s equator to a spectator on the Sun, which
we have already described with reference to the seasons,
remembering that the year for Saturn is nearly thirty
of .our years, and that we do not always see the rings
ezactly as they would be seen from the Sun.

Thus, starting from what would be spring for Saturn’s
northern hemisphere, when the ring is seen edgeways,
the northern side will be presented moro and more fally
to wus, till, after 74 years, we get to Saturn’s northern
summer ; the rings will after this appear to close up,
disappearing. at Saturn’s autumnal equinox after 7%
years more, from which point the southern side is
seen for 15 years, going through the same phases as
the northern.

The system of rings consists of three bnght and
an interior dusky ring, which seems to be semi-trans-
parent, allowing the body of the planet to be seen
through it. How such a system can be preserved
against the slightest disturbance from the attraction of
other bodies has puzzled mathematicians, and after
making various hypotheses they have been forced to the
conclusion that the rings, if solid, liquid, or even gaseous;
must inevitably end in being precipitated on to the
planet unbroken, the only available alternative being
that each ring, instead of being a coherent mass, con-
sists of a large number of minute bodies revolving round
Saturn like satellites, and forming an appendage some-
what similar to the Zodiacal Light round the Sun.
Saturn is nearly ten times the size of the earth, but
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only on the whole one-ninth as dense, or two-thirds the
density of water, but how much of his bulk is com-
posed of atmosphere we have little means of judging,
and can therefore say nothing of the density of the true
body of the planet (if he have any), though we know
that his mass is 100 times that of the earth, his bulk,
including his atmosphere, being nearly 1,000 times the
earth’s. A similar remark applies to Jupiter, which
has also, in all probability, a very extensive atmo-
sphere. Saturn is attended by eight moons, revolving in
periods ranging from 1 to 80 days, and at distances of
from 83 to 64 times the radius of the planet, or from a
half to ten times the distance of our Moon.

Uranus and Neptune are so far off that very little ean
be made out about them, except that they have nearly
circular discs of 4" and 8" apparent diameter respec-
tively, corresponding to a real diameter of 4} and 5}
times that of the earth, whilst the density of Uranus is
a fifth, and that of Neptune, a seventh of the earth’s,
or not far from the density of water. Four satellites to
Uranus and one to Neptune have been discovered up to
the present time, but there are only two or three tele-
scopes in the world capable of showing them, so faint is
their light. In the case of Uranus, the moons move in
paths very much inclined to that of the planet round
the Sun, and in a retrograde or westward direction.

The conditions to which the several planets are exposed
are so various that it is difficult to form any conception
of their state ; to Mercury the Sun appears seven times
as large in area as to the earth, whilst to Neptune he
appears of only 535th the area, and the amount of light
and heat received by these bodies will be proportional
to the apparent area of the Sun’s disc, and therefore to
these numbers. What proportion of this heat is re-
flected away into space by the atmospheres of the
several planets is not exactly known, nor the effect that
clouds may have in preventing the radiation of heat
which takes place with a clear sky, but it is difficult to
see how causes of this kind could operate to such an
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extent as to raise the surfaces of the outer planets,
Uranus and Neptune, much above the temperature of
space, which is known to be nearly three times as far
below the freezing point as that is below the boiling
point of water, though internal heat may in these bodies
be far greater than that of the earth, and thus keep up
a comparatively high temperature without much help
from the Sun.

Further, the force which makes bodies fall must be
very different for the several planets. On the Sun it
would be twenty-seven times that on the earth, on
Jupiter two-and-a-half times, on Saturn and Venus
about equal to gravity on the earth, on Mars and Mer-
cury one-half, and on the Moon only one-sixth, whilst
on the asteroids it would perhaps range from i to
535 The weight of the same body being so different
at the surfaces of different planets, volcanic and other
forces of expansion would produce very different effects ;
and the same remark applies to muscular force. A
man who can jump 5 feet high on the earth would be
able to jump 80 feet on the Moon, and some 2,500 feet
on the smallest asteroid, whilst on Jupiter he could only
jump 2 feet, and on the Sun only about 2 inches; and
the muscular effort required to raise a mass of 100
pounds on the earth would raise 600 pounds on the
Moon, but only 4 pounds on the Sun. Further, the
rapidity of rotation, which tends to throw bodies off
at the equator, varies greatly for the different planets,
being very large in the case of Jupiter and Saturn,
which causes a bulging out of their equator to the
extent of Yy and ! of their diameters respectively,
that of the earth being only 534, and of Mars g5.

CHAPTER V.

Tre bodies which we have next to consider, though
belonging, at least temporarily, to the solar system,
present peculiarities which separate them completely
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from all the planets, whether large or small. Whilst
the planets are massive globes with definite bound-
aries, comets are diffused bodies with no distinet
outline, and generally of enormous volume, but of
such small mass that no appreciable disturbance is
caused in a planet’s motion even by the near approach
of one of these strange bodies. But it is not only
in their constitution that comets differ from planets;
they are equally remarkable for the irregularity of
their motions, Thus in a single day the comet of
1472 moved in the heavens through 40° (a ninth of a
complete cirele), and that of 1861 through 12° the
apparent motion afterwards slackening till it became
hardly sensible, and other comets have moved nearly
as rapidly for a time. A considerable part of this
large apparent motion arises from our own motion in
the opposite direction to that of the comet, which in
the cases referred to was very near the earth at the
time, and this parallactic effect must, as in the case of
the planets, be allowed for before we can find the true
path of the comet about the Sun.

‘We saw that all the planets moved in one direction in
nearly circular orbits very slightly inclined to the earth’s
path (except in the case of some of the minor planets),
but comets are found in all parts of the heavens, and
moving in all directions, the ellipses which they describe
being commonly much inclined to the earth’s path, and
so much elongated that in most cases they cannot be dis-
tinguished in the portion near the Sun (which is the
only part where we can follow them) from another
curve called a parabola, which is something like the
half of a long ellipse, the distinction being that in the
parabola the two branches separate further and far-
ther, and never come round, as is the case with the
ellipse. The motion in these parabolas is, however,
strictly regulated by Kepler's Second Law, that the
sectors (or wedges) formed by lines drawn to the Sun
from the comet every day are equal in area, so that
the motion in the part near the Sun is exceedingly
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rapid, to make up for the shortness in the radii of the
sector. Thus Newton’s comet of 1680, which passed
within a third of the Sun’s radius from his surface, had
a velocity of 250 miles a second when nearest to him,
whilst that of 1843, which passed even closer, almost
touching the surface, had the still greater velocity of
870 miles a second, taking only two hours to go half

ORBITS OF COMETS,

Biela’s and Tuttle’s comets are taken as types of the Jupiter and
Saturn class of comets respectively, and the orbits are made slightl
less oval than the actual paths, to show how an ellipse may touc
:23 Earth’s path on the outside and Jupiter’s or Saturn’s path on

e inside, .

round the Sun. On the other hand, the comet of Faye,
which revolves round the Sun in 7 years and 5 months,
resembles the planets most in its motions and in its
orbit, though its least distance from the Sun is only
5 of its greatest, whilst for Mercury it is #, and for
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one of the small planets, Polyhymnia, it is 3, this
being the most oval orbit among the planets. With
regard to the inclinations of their orbits, comets seem
rather to avoid the ecliptic, only 4 of the whole num-
ber having inclinations lying between 0° and 80°, whilst
about 3 lie between 30° and 60°, and an equal propor-
tion between 60° and 90°; and further, the motion in
these orbits is about as often retrograde as direct,
though the great majority of the periodic comets cir-
culate in the same direction as the planets, while of
those which move in parabolas (or exceedingly long
_ ellipses) two-thirds. have a retrograde or westward
motion, The orbits of the periodic comets are also
generally not much inclined to the paths of the earth
and other planets.

Comets are as various in their aspects as in their
movements, but there is a family likeness binding
them all together, and indicating that they are all
subject to somewhat similar conditions. A large pro-
portion are exceedingly faint objects, only to be seen in
large telescopes as small spots of hazy light, very
few being visible to the naked eye, though four or
five new comets are on the average picked up every
year. In old times comets generally burst unexpectedly
on the view, but this is hardly ever the case now, as
astronomers are continually on the watch to detect any
comet as soon as it can be seen in a powerful telescope,
so that by the time it has become at all conspicuous its
path is well determined, and the brightness it will
attain is tolerably well ascertained. Since the invention
of the telescope, astronomers have been able to watch
the growth of large comets from their first appearance,
a8 spots of nebulous light, and have thus formed some
idea of the development of the different parts of which
a comet consists, viz., the nucleus, the coma or head,
and the tail. Taking the case of a large comet before
its approach to the Sun, nothing will probably be seen
but the head—a mass of hazy light, with a bright point
in the centre called the nucleus, which is often absent
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in the small eomets. As the comet comes more under
the Sun’s influence near perihelion, the nucleus com-
monly throws out jets of light towards the Sun, which
curve back and apparently give rise to the tail—a band
of light sometimes extending many degrees from the
head (120°—or a third as much again as the distance
from the horizon to the zenith—for the comet of 1861),
and having a real length in some cases exceeding the
distance of the earth from the Sun. Ordinarily the
tail does not attain its full development till after the
approach to the Sun, and the same is true of the jets
emitted from the nucleus; but the apparent length of
tail is greatly affected by foreshortening. Its general
form somewhat resembles a parabola, with the nucleus
as focus, and having a dark division running along its
axis ; but in many comets it is considerably curved back-
wards like a plume, and there are frequently secondary
tails darted out in other directions in the form of a fan,
besides occasionally a sort of spurious tail directed to
the Sun. Of the causes which produce these tails
nothing is certainly known, though there seems very little
doubt that they are due to a repulsive force of some
kind from the Sun, modified by the action of the
nucleus; but on what this force is exercised seems
an open question, as it is almost incredible that
matter could be projected with such an enormous
velocity—a tail 60 millions of miles long (two-thirds the
interval between the earth and the Sun) having been
formed in two days in the case of the comet of 1680,
and a still longer tail in a single day in the comet of
1848. But until further observations have been accu-
maulated, it appears hopeless to attempt an explanation
based on an imperfeet knowledge of the facts.

Of late years the spectroscope has been applied to
several faint comets, the result being that the spectra
of their heads were found to consist of three bright
bands, characteristic of carbon in some form. The
bright comet of 1874 afforded an opportunity which
had not presented itself since the invention of the
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spectroscope, but very little more was made out in this
cage, for most of the light of the nucleus and bright
jots in the head was spread out into a continuous spec-
trum (indicating probably that it is reflected sunlight)
which almost overpowered the bright bands. The light
of the tail appeared also to be chiefly reflected sunlight,
as in the case of the zodiacal light, and there our
knowledge of this comet appears to end.

A connection has however in recent years been estab-
lished between some other comets and certain groups of
small particles called meteorites, which in their journey
round the Bun sometimes pass through the earth’s
atmosphere with such an enormous velocity (85 miles
a second on the average) that they are ignited by the
friction of the air, and show themselves to us as ¢ falling
stars,” at a height of about 78 miles on the average.
Ordinarily these falling stars are completely consumed
in their passage through the air by the time they have
got within about 52 miles of the earth’s surface, being
generally extremely minute bodies, probably only a few
grains in weight ; but in some few cases considerable
masses have fallen to the earth after the explosion of a
large meteor. Such masses are composed largely of an
ore of iron, and appear to be of different character
from the ordinary falling stars, which generally appear
in streams, all the particles in any one stream moving
in the same direction, a8 is shown by the fact that their
paths all radiate from the same point of the heavens,
which is the ¢ vanishing point” of a system of parallel
straight lines seen in perspective. Thus about April
20 a large number of meteors are seen diverging from
a point about midway between the bright star Vega and
a Ophiuchi; another stream, known as the Perseids, on
account of theit diverging from the constellation Per-
seus, is encountered by the earth about August 10;
another well-marked shower, radiating from y Leonm '
and hence called Leonids, is met with near November
14; and again, on November 27, comes another group
dlvergmg from the region lying between y Andromedwm
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and Cassiopeia. These are only the principal streams,
a list of more than a hundred well ascertained groups
having been formed, in each of which all the members
are travelling nearly in the same direction.

Now all this clearly points to an external origin
for these bodies; and as the supposition that they
are cinders thrown out from the lunar volcanoes
affords no explanation of their regular recurrence,
besides being in itself improbable, we are thrown back
on the theory that they are really minute members
of the solar system ecirculating round the Sun in
streams. This view is supported by two facts which
have been noted in connection with the Leonids:
1. That remarkable displays of these meteors occur
every 88 years, the last having been observed in
1866 ; and 2. That the time when we pass through the
thick of the shower gets later and later by about a day
every 88 years.* The first circumstance might be ex-
plained by supposing this group of meteors to revolve
round the Sun nearly in a circle, in a little more than
a year or a little less, so that every 83 years the earth
caught it up, or it caught the earth up, the meeting
point of the paths of the meteors and of the earth (which
are somewhat inclined to each other since the meteors
do not como in the direction of a point in the ecliptic)
being at the place where the earth is on Nov. 14; or
else by supposing the meteoric stream to circulate
round the Sun in a long ellipse in 83 years. The
shift of the meeting point of the paths of the earth and
meteors by 29’ corresponding to half a day in 88 years,
enables us to decide in favour of the last supposition,
as it is found by elaborate calculations that the attrac-
tions of the planets would cause exactly such a shift of
the line of nodes in the case of a long ellipse. Now the
period being 83 years, the mean distance, or half the

* Half of this lagging is due to a shift of the equinox itself
along the ecli‘ptic, as will be explained in the next chapter, the
ual shift of the meeting point of the meteors with the earth’s
orbit referred to the stars being only half a day every 33 years,
G
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long axis of the ellipse, is found by Kepler’s Third Law
to be nearly that of Saturn, or about 10 times that of
the earth; but as these meteors move in a very long
ellipse, they will, when farthest from the Sun, be about
as distant ag Uranus. The direction in which they are
moving at the time the earth meets them being known,
their velocity can be calculated from Kepler's Second
Law, and their path found. When this was done the
orbit was found very closely to resemble that of the
first comet of 1866, and a similar investigation in the
case of the Perseids showed that they moved in the
same path as the great comet of 1862, whilst the April
star-shower appeared to follow the course of the first
comet of 1861 ; but the connection between meteors
and comets was most clearly established in the cage of
the stream of November 27 and Biela's double comet,
for not only was there an unusual display of meteors
just about the time the comet was expected to be near
us, but a comet was actually seen just afterwards in the
southern constellation Centaurus, very near the part of
the heavens towards which the meteor sitream was
moving, though, unfortunately, cloudy weather at Madras
(where a telegram predicting the probable appearance
of the comet in the track of the meteors was sent) only
allowed the comet to be seen on two days, leaving it
still an open question whether the two heads of Biela's
comet were observed on the two days respectively or
not. But however this may be, it seems almost certain
that on the night of November 27 we passed through
the outer part of a comet, the particles of which appeared
as a shower of falling stars. There is one noticeable
feature about some of the meteor streams, especially that
of Nov. 14, viz.:—the large are of their ellipse over
which they are spread. Thus the dense part of the
stream of the November meteors takes more than a.
year to pass the meeting place with the earth’s orbit,
the shower of 1867 having been nearly as remarkable
as that of 1866 ; but though the foremost particles will
have moved through a large arc by the time the lagt
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are clear of the earth, this is in the part of the ellipso
near the Sun, whilst when the stream gets to the distant
part, the arc passed over in a year will be so small that
all the particles will be tolerably near together, and
they may then form part of a moderately compact
comet. This branch of astronomy is, however, of
such recent growth that much is still uncertain.

‘We will now give a brief account of a few of the most
remarkable comets which have appeared in modern
times, the records of the ancients being too vague to be
worth mention here. The great comet of 1680 has
been already alluded to, as being remarkable for ifs near
approach to the Sun’s surface, and also for the amazing
rapidity with which its tail was formed, extending over
fully 70° in the heavens. But this comet is chiefly
mémorable from its having led Newton to the conclusion
that these bodies move in parabolas, or in very long
ellipses, a result which he had previously shown would
follow from the Sun’s attraction if the velocity were
greater than that corresponding to the same distance
from the Sun in an elliptic orbit. The way in which
the velocity at the same distance from the Sun varies
with the nature of the orbit may be readily understood
by considering the simple case of motion in a circle,
and supposing the velocity increased or diminished. If
the body have a greater velocity, and therefore move
over a certain space in less time, the Sun will not have
pulled it quite so far towards him, so that it will have
run off the circle as it were, describing a curve of larger
radius, and thus we get either a long ellipse, a parabola,
or even an hyperbola, all of which lie outside the circle,
just touching it at the point where they approach most
nearly to the Sun. If the velocity be about 12 that in
the circle a parabola will be described, if less than this
an ellipse, and if greater an hyperbola. On the other
hand, if the body take longer to move over a certain
space, or have less velocity than in the circle, the Sun
will have pulled it further towards him, and it will there-
fore describe an ellipse, whx(:121 falls altogether inside the
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circle, touching it only at the point where it is furthest
from the Sun (see fig. page 76). Thus the November
meteors and the comet of 1866 have, when nearest
the Sun, a velocity grcater than that of the carth,
whose nearly circular path they just touch, and, when
furthest, a velocity less than that of Uranus, whose orbit
they also nearly touch, but internally.

T'he comet of 1744 deserves mention from its having ex-
hibited six tails spread out in a fan shape, in which respect
it resembled the great comet of 1861, on June 80. It
was a remarkably brilliant object, being as bright as
Jupiter shortly before its perihelion passage. In 1769
appeared a bright comet, with a tail 100° in apparent
length, corresponding to a real length of 40 millions of
miles (half the interval between the earth and Sun).
The comet of 1811 was visible for seventeen months,
and was accompanied by a tail more than 100 millions
of miles long, though its apparent length never exceeded
25°. From the length of time during which it was
observed, the deviation from a parabola was quite
sensible, though the period of revolution appears to be
no less than three thousand years, the ellipse being so
elongated that the greatest and least distances of the
comet from the Sun are respectively 420 times and
about equal to that of the earth; so that the comet is
carried to a distance fourteen times that of Neptune ;
but this, after all, is only about 1-500th part of
the distance of the nearest fixed star. With regard
to the comets previously mentioned, the observations
are insufficient to enable us to distinguish with cer-
tainty between their orbits and parabolas, all that
is certain being that their ellipses must be exceedingly
elongated. In 1819 a fine comet appeared, which passed
over the Sun’s disc, being seen as a dark nebulous spot.

The comet of 1848 first showed itself in the northern
hemisphere by its tail, the head being below the horizon.
In southern latitudes it was a most brilliant object, being
actually seen at noon close to the Sun on two successive
days, with a tail several degrees in length, and after-
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wards, when it got clear of his rays, in the evening
twilight, a tail 65° in apparent length was visible, the real
length being some 200 millions of miles, or more than
the diameter of the earth’s orbit. The orbit of this
comet is the most remarkable known, passing within
about 100,000 miles of the Sun’s surface, but whether
it is a parabola or an ellipse of moderate or even of
short period cannot be determined, as the path during
the period of observation was so little curved that it
could hardly be distinguished from & straight line. This
arose from our being able to observe only that portion
of the orbit which was about 200 times as distant from
the Sun as the perihelion was.

The next large comet was that of 1858 (Donati's),
which was a most beautiful object in the autumn of that
year, with a tail like a plume, some 60° long, correspond-
ing to a real length of more than 50 millions of miles.
The head in its apparent course passed nearly centrally
over the bright star Arcturus, but nothing peculiar was
noticed. The most remarkable feature in this comet
was the system of parabolic arches which formed the
head and tail, arranged symmetrically with the nucleus
at the focus. Its path appeared to be an ellipse of
about 2,000 years’ period, making the greatest and
least distances from the Sun, respectively about 800
times and $ths that of the earth.

The comet of 1861 surprised astronomers in these
-latitudes by its sudden appearance above the horizon,
though it had been watched for some time in the southern
hemisphere. On June 80, when it was first seen in this
country, we were probably actually passing through
the tail, which was then seen as a great fan, the only
unusual appearance noticed being a phosphorescence
in the northern sky, something like an aurora. At
this time the head of the comet was some 14 millions of
miles off (nearly 60 times the Moon’s distance). On
July 2 the tail extended over 120°, reaching far past the
zenith, but its real length was only 40 millions of miles,
and as the comet receded from the earth the apparent
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length rapidly diminished. For a few days this comet
was a splendid spectacle, and the fans of light seen in
the head were very fine. Its period appears to be about
400 years, the greatest and least distances being respec-
tively 110 times and 4 that of the earth from the Sun.

In August, 1862, a fine comet appeared, the head
when bnghtest being nearly equal to a star of the first
magnitude, with a tail some 25° long, accompanied by
two secondary tails. From one side of the nucleus very
remarkable jets of light were emitted, afterwards curving
round towards the tail, which appears to have been,
contrary to the general rule, considerably inclined to the
direction opposite to the Sun, and there was a lopsided
character about this comet which presented a marked
contrast to the symmetry of Donati’s comet. The orbit
of this comet (which is similar to that of the August
meteors) is an ellipse with a period of 120 years, the
greatest distance from the Sun being about 50 times
that of the earth (1% times that of Neptune), and the
least distance nearly equal to that of the earth,

Coggia’s comet of 1874 was similar to the last, nq,med
comet in general appearance, and in position .in the
heavens. The head was remarkable for intersecting
parabolic arches of light, which gave it a very beautiful
appearance in a large telescope.

Among the periodical comets, Halley's is the most
famous both for its size and for the regularity of its appari-
tions at intervals of about seventy-six years ; twenty-two
having been recorded between B.c. 12 and A.n. 1885.
This was the first comet of which the return was pre-
dicted, Halley having found the orbits of the comets of
1581, 1607, and 1682 to be very similar, from which he
concluded that they were really three apparitions of the
same comet, which might be expected to return about
the begmmng of 1759, the period from 1607 ta 1682
being shorter than the average through the attraction of
Jupiter. At its last appearance in 1885 the comet was
by no means so striking an object as on former ocea-
sions, when it filled Europe with alarm; but though it
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appears to have lost much of its glory, it will doubtless
be a conspicuous comet at its next return in 1910.
This comet approaches the Sun within $ths of the earth’s
distance from him, and recedes to a distance exceeding
by one-sixth that of the planet Neptune.

Another very regular periodic comet is that known as
Encke’s, of which twenty-one returns, corresponding to
twenty-eight revolutions, have been observed since 1786,
the period being not quite 8% years. This is a small

¢ombot, barely visible to the naked eye even under
favourable circumstances, and usually destitute of a
tail; but much interest attaches to it from the fact that
its period has diminished by about two days since its first
appearance, which has been supposed to afford evidence
of the existence of a very rare resisting medium in space
which, by diminishing the comet’s velocity, would make it
describe a smaller orbit with a greater angular velocity.
Its distance from the sun ranges from that of Mercury
to four-fifths that of Jupiter. Biela’s comet, with a
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period of 6% years, is remarkable from the circumstance
of its orbit intersecting that of the earth, a collision
having probably occwrred in 1872, November 27, as
already mentioned. A still more remarkable fact about
it is that in 1846 it divided into two distinet comets,
which separated to a distance of about three-quarters
that of the Moon from us; an interval which, at the next
apparition in 1852, had increased to about six times
the Moon’s distance, with a difference in the periods of
the two heads of fifteen days. Neither comet has been
certainly seen since, though they were due in 1859
and again in 1866, and if either of them caused the
meteor shower of 1872, November 27, they must have
been retarded six months in the interval since the last
appearance in 1852. Biela’s comet was first observed in
1772, but has only been seen at six of its returns since
that time. Its greatest and least distances from the Sun
somewhat exceed those of Jupiter and Venus respectively.

The other periodical comets are given in the list at
the end of this work, with a few particulars about their
orbits. It will be noticed that the greater number of
these reach a little beyond that of Jupiter, and, further,
the plane of the orbit is so adjusted with reference to
the direction of its length that each comet passes very
near Jupiter, who may therefore, by his attraction, pos-
sibly have converted its parabolic orbit into an ellipse of
short period. This is what actually happened in the
case of Lexell's comet, which was found in 1770 to be
moving in an ellipse of 5 years’ period, through its
having passed very close to Jupiter in 1767, and before
it was again seen the orbit was again completely
deranged by another and still closer approach to the same
planet, which appears to have greatly increased the
least distance from the Sun, carrying the comet altogether
beyond the range of our vision, even when nearest.
This comet approached the earth in 1770, within six
times the distance of the Moon, without causing the
slightest alteration of our course, though the comet’s
path was much disturbed.
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CHAPTER VI

To the naked eye on a fine night the stars bewilder us
by their number, making it impossible to give each of
them a separate name, on which account the practice
was adopted of grouping them into constellations, named
from some fanciful resemblance to or connection with
men or animals, In early times the stars were distin-
guished by their position in the constellation to which
they belonged, but afterwards, as the less conspicuous
stars began to be observed, those in each constellation
were distingnished by the successive letters of the Greek
alphabet in the order of their brightness, so that a Aurige
would be the brightest star in the constellation Auriga,
B Aurige the next brightest, and so on, numbers being
used when the alphabet was exhausted. For the stars
which have been observed only in modern times it has,
however, been found more convenient to give the name
of some catalogue in which the star’s place is given, and
the number corresponding to the star in that catalogue,
and thus every star that has ever been observed is dis-
tinguished. When it is stated that there are catalogues
which contain 100,000 stars, the necessity for careful
nomenclature, for the smaller stars at any rate, will be at
once apparent. With the naked eye some 8,500 stars
are to be seen in England, and of these only about
2,000 at any one time ; the number thus visible in the
whole heavens, including the southern portion, always
below our horizon, is about 15,000 ; but when the tele-
scope is applied the multitude of stars is enormously
increased with every increase in the size of telescope,
and very soon gets quite beyond our powers of counting
even. KEvery gradation of brightness is found in the
heavens (except in the case of the very brightest stars),
but for convenience the stars visible to the naked eye
are roughly classed in six orders of brightness, or mag-
nitudes as they are called, certain very bright stars,
fifteen or twenty in number, being called first magnitude
(though by no means exactly equal in brightness); after
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these come about 60 stars of the second magnitude,
about 120 of the third, and so on ; but though these classes
do very well to give an idea of a star’s brightness, greater
accuracy is in many cases required, and thus half mag-
nitudes are introduced, a star of the 84 magnitude being
intermediate in brightness between the third and fourth
magnitudes, in delicate observations of changes in the
brightness of certain stars, tenths, or even hundredths
of a magnitude are used to express the relative bright-
ness of the star as compared with those of the standard
magnitudes, so that instead of speaking of a star
roughly as of 8} magnitude, we might call it 86, or
perhaps more accurately 8:62. Below the sixth mag-
nitude we have magnitudes only visible in the telescope,
stars of any one magnitude being 2} times as bright as
those of the magnitude below, that is, two stars.of the
eighth magnitude very close together would not be quite
so bright as a single star of the seventh magnitude,
whilst three would be brighter. With the first six mag-
nitudes this relation does not hold exactly, the classifi-
cation being somewhat arbitrary; indeed different
observers have varied considerably in their scale,
though ‘agreeing pretty well in the two extremes; and
making 100 sixth magnitude stars equal in brightness
to an average first magnitude, a relation which agrees
exactly with the scale of 2} for each magnitude.

“‘We shall now endeavour, with the help of the Key
Map (Frontispiece),* to enable the reader to recognise
* This ts f the imagi here of th
Hoaverls a3 1 would be hon on a moonlight Might (whem the
brighter stars only are visible), from a point at a di of half
the radius beyond the south pole of the sphere, stars below the
fourth magnitude being omi The southern constellations, such
as Soorpio, Sagittarius, &c., are necessarily much distorted, it being
impossible to represent properly a spherical surface on a sheet of
paﬁ The gnnclpal stars are d{sﬁnﬁmhed by letters of the Greek
alphabet, and the constellation to which any star belongs will be
found on that side on which the letter is placed. 'The bottom, left

hand, and right hand, correspond respectively to the son

part of the heavens at 10 P.M. in spring, summer, autumn, and
winter, the opposite side being in each case below the northern
horizon, which passes at a distance of 513° from the Pole for London,
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the most conspicuous stars, in which he will be much
assisted by the grouping into constellations, conven-
tional though it is. In the first chapter mention was
made of the Pole Star; but this star is not very con-
spicnous, and we did not point out how to find it readily.
On any fine night if we turn to the north (so as to have
our back to the Sun at noonday) we shall see seven
bright stars forming the constellation of Ursa Major (the
Great Bear)—which will be found below the centre of the
Map and a little to the left—the two right hand stars of
which point pretty nearly to the Pole Star (at about six
times the distance between them), and are therefore called
the Pointers. In winter in the evening these stars are
below the Pole and low down in the north, but in summer
they are above the Pole and nearly overhead. As already
explained the stars preserve the same positions among
themselves, swinging as a. whole round the Pole, and
thas the seven stara of the Great Bear will be readily
recognised by the form of the constellation, however.it
be turned with respect to us. The Pole Star, found
in this way, will be seen to form part of a somewhat
gimilar though smaller eonstellation of seven stars, hence
called Ursa Minor,, or the.Little Bear, which. never
alters its height much, swinging round the tip of .its tail
(the Pole Btar). A hne carried from the Great Bear's
tail throngh the Pole Star, and as far again beyond, will
strike. a conspicuous group of five principal stars,
arranged something like the letter W, which is known as
the constellation Cassiopea, and forms a convenient land-
mark in the heavens. It will be understood that in this
and other constellations only the principal stars .are
allnded to, though there are a large number of smaller
stars visible. to the naked eye, whilst the telescope
reveals almost countless multitudes. Carrying a .line
from. the Pole through the most westerly of the stars.in
Cassiopea, and as far beyond, we come upon a large square
formed by four bright stars, thrée of which are in the con-
-stellation Pegasus, whilst the fourth, or north-east sfar o1
.the squarp, is a Andromeds, Each side of this squar-
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is about 15° in length, or nearly three iimes the distance
between the Pointers, which sre a little over 5° apart.
The other two conspicuous stars in Andromeda, 8 and v,
form a sort of tail to the north-east of the square, and
still further eastward is the consellation Perseus. A line
through the two westernmost stars of Cassiopea, 8 and
a, will strike y Andromeds, and about as far beyond will
pass a little west of the Pleindes, a cluster of stars of
which seven are ordinarily visible to the naked eye
(though several more may be seen on & very fine night),
whilst nearly 15° further is a V-shaped cluster, called the
Hyades, having a first magnitude star, Aldebaran, at one
tip. Both these clusters belong to Taurus, the Bull, which
is one of the constellations of the Zodiac, or belt of the
heavens, extending 8° on either side of the ecliptic,
and including the paths of all the principal planets,
which are never far from the ecliptic. The Zodiac is
divided into twelve constellations, each occupying about
80°—Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra,
Scorpio, Sagittarius, Capricornus, Aquarius, Pisces—
the order given being that in which the Sun passes
through them, or from west to east. Aries has two
bright stars, a and B, 4° apart, and nearly midway
between the Pleiades and Pegasus; in Gemini are two
first magnitude stars, Castor and Pollux, north of the
ecliptic, about 50° nearly due east of the Pleiades ;
Cancer is not a conspicuous constellation, but Leo will
be recognised at once by six stars in the shape of a
sickle, the first magnitude star Regulus forming the
handle, 40° south-east of Castor and Pollux. Virgo
contains one first magnitude star, Spica (the ear of
corn), 10° south of the equator and more than 50° from
Regulus. The remaining constellations in the Zodiac
are not conspicuous, though Scorpio has several bright
stars, including one of the first magnitude, Antares, but
this eonstellation is too low in these latitudes to be well
seen. It will be remarked that several of the brightest
stars referred to above have names of their own inde-
pendent of the constellation they are in, This is a relic
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of the old practice of naming, or rather describing, the
individual stars, the words being generally corruptions
of the names given by the Arabian astronomers to
define the position of a particular star in the constella-
tion, and these are still retained, though the star is also
known by its proper Greek letter, coupled with the name
of the constellation; thus Antares is also called a
Scorpii, Aldebaran, « Tauri, and so in other cases,
Among the constellations north of the Zodiac, Bodtes
is distinguished by the brightest star of the northern
hemisphere, Arcturus, which is nearly pointed to by the
last two stars of the Great Bear's tail; 20° north-east
of Arcturus is the constellation of the Northern Crown
(Corona), composed of a tolerably perfect wreath of
stars. A line from the tip of the Great Bear's tail
through the Crown, and carried as far beyond, will
strike two stars 5° apart, a Herculis of the third mag-
nitude, and a Ophiuchi of the second, the other stars
of the constellation Hercules lying to the north of these
two, and therefore east of Corona, whilst those of
Ophiuchus lie to the south. Still further east of the
Crown is the very bright first magnitude star, Vega or
a Lyre, which with a small star near forms a sort of
pendent to a lozenge of four stars, and is to be seen
not far south of the zenith in the autumn evenings.
In the direction of the lozenge (i.e., south-east) lie
three bright stars, some 8° apart, forming a line point-
ing to Vega, which is 85° distant ; these stars are y, a,
and B Aquile, and will easily be identified by their ap-
pearance. The southern side of the square in Pegasus
also points to them at a distance of three times its
length, passing just north of the bright star ¢ Pegasi on
the way. The north-west diagonal of the same square -
will strike (at nearly twice the distance beyond) a Cygni,
the lucida of a constellation formed by a zigzag line of
bright stars running N.W. and 8.E., and representing
the wings of a swan flying, while the outstretched head
is shown by a third magnitude star, 8 Cygni, some 20°
tu the 8.W. Continuing our course eastward we get to
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Pegasus and Andromeda, already noticed, then we have
Perseus, in which there are two bright stars, Algenib
and Algol (a and B Persei), of which the former is on a
line through B and y Andromed®, and thus forms the
tip of the tail to the square of Pegasus, whilst 8 Persei
forms the apex of an obtuse angled triangle with y An-
dromed® and a Persei. A line from the square of
Pegasus through y Andromedm leads to one of the
brightest northern stars, Capella (a Aunrig®), with 8 Au-
rige a little to the east, between which and Bodtes there
are no very conspicuous stars. Of the southern con-
stellations visible in these latitudes, by far the most
striking is Qrion, which is on the meridian about ten in’
the evening in the month of January, lying in the
direction of a line from the Pleiades through the Hy-
ades, but there can be no difficulty in identifying this
magnificent assemblage of stars, the most beautiful
feature in the winter sky. Four bright stars forming a
quadrangle represent the shoulders and legs of Orion,
Betelgeuse and Rigel (« and 8 Orionis) at the N.E. and
8.W. corners respectively, being both of the first mag-
nitude ; the head isindicated by a small triangle of stars,
and three second magnitude stars in a diagonal line in
the middle of the figure form the belt, which has a
dagger of three other stars hanging from it. The line
of Orion’s belt points to the brightest star in the whole
heavens, Sirius, or the Dog Star (a« Canis Majoris),
though it is too low in these latitudes to be seen. in
its full splendour, which is something like nine times
that of Vega. Another very bright star, though mueh
inferior to Sirius, remains to be noticed, Procyon, or
a Canis Minoris, which, with its companion B8 Canis
Minoris, is found by carrying & line from the Pole
through Castor and Pollux nearly as far as the equator,
where it will be picked up some 25° east of Betelgeuse.
In all that precedes we have followed the constella-
tions in an eastward direction, taking them as they
successively came to the meridian, but it must not be
forgotten that only & portion of the heavens can be seen
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at once on any one night, however long we watch ; for at
any particular season of the year many of the constella-
tions will be above the horizon only in the daytime,
and will, therefore, be invisible to the unassisted eye.
It will be useful, however, to indicate roughly the prin-
cipal constellations which will be on or near the meri-
dian at the four seasons of the year about ten o’clock
in the evening; if the appearance of the heavens be
required for any other hour, it is only necessary to
reckon every two hours later in the time we take, as
equivalent to taking the positions of the stars for ten
o'clock a month later, and conversely for the earlier
hours of the evening—thus the positions at midnight in
December will be the same as those at ten o’clock in
January, whilst the appearance of the heavens at six
o’clock will be the same as at ten o’clock in October.
Taking ten o'clock in the evening then as our time of
observation, we shall have in spring, Regulus on the
meridian, Ursa Major directly overhead, the Pleiades
and Hyades, Orion and Sirius setting, Capella high up
in the west, and Arcturus with the Crown in the east ; at
midsummer the Crown is on the meridian, with Arcturus
a little west of it, and Regulus setting, while Vega,
Aquils, and Cygnus are in the east, and Ursa Major in
the north-west; in autumn, Pegasus is near the meri-
dian, Vega and Aquila west of it, and Arcturus with the
Crown setting, whilst in the east we have Perseus and
Capella, with the Pleiades and Hyades rising ; at mid-
winter the latter are on the meridian with Orion and
Sirius in the south-east, Pegasus in the west, Cygnus
low down in the north-west, with Cassiopeia higher up ;
Capella is nearly overhead, and in the east are Castor
and Pollux, Regulus (rising), and further north Ursa
- Major. These are only rough indications, but, with what
has been given before, they will be sufficient to enable
any one to identify the principal constellations, in fact
for this purpose it will be enough to remember that
about ten o’clock we have on the meridian, in spring,
Regulus with its sickle of stars; at midsummer,
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Arcturus and the Crown; in autumn, the square of
Pegasus ; and in winter, the Pleiades and Hyades, all
at about the position of the Sun at noon in summer,

There is one conspicuous object, the Milky Way, which
adds greatly to the beauty of the heavens on a moonless
night, especially in autumn. This belt of nebulous light
forms an irregular zone with many patches and off-
shoots, but in the main coinciding with a great circle
through the solstices inclined about 60° to the equator.
With the telescope this bright band is found to consist
of a vast multitude of stars too faint to be individually
perceived by the naked eye, and in some cases so close
together that a powerful telescope is required to show
the separate stars.

Such aggregations of stars are called clusters, and
are found of every degree of condensation, but gene-
rally circular in form, if the more scattered ones be
excluded. Many of them are most beautiful objects
even in small telescopes, but powerful instruments
are required to show the more compact clusters
in all their glory. Among the coarser clusters the
Prasepe in Cancer (nearly equi-distant from Castor,
Procyon, and Regulus), and one in Perseus at
about a third of the distance from 8 Cassiopes to
“a Persei, are visible to the naked eye as small nebulous
objects, which have been occasionally mistaken for
comets by beginners. As we pass to clusters more
and more compact, we get by insensible stages to the
nebule, which are for the most part nothing but clus-
ters, which can only be resolved into stars by the most
powerful instruments of modern times. When first
. attention was directed to the subject, it was thought
there was a difference in kind between the clusters and
the nebule, but as more and more powerful instruments
were made, and nebule previously held to be irresolv-
able were separated into their component stars, this
iden was gradually abandoned, and the distinction
between clusters and most nebul® became only one
of degree. But there were a few nebule which still
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defied even the most powerful telescopes, and the ques~
tion of the constitution of these objects was left to be
settled by the spectroscope, which revealed a spectrum
consisting of three bright lines. Now in the third

STAR CLUSTER AND NEBULX,

chapter we have already explained that a spectrum of

that kind indicates glowing gas, whilst a heated solid

gives rise to a continuous spectrum, as in the case of

the Sun, of stars, and of the ordinary clusters. These

nebul®, then, cannot be collections of stars, but must
: 4
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be masses of glowing gas, though what that gas is
remains an open question.

Two of the nebule can be seen by the unassisted
eye, one being in the middle of Orion’s dagger, where
it looks like a blurred star, and the other about a third
of the distance from B8 Andromedz to B Cassiopes.
The former of these, which from its spectrum appears
to be gaseous, is an irregular shaped mass, without any
decided boundary, in the midst of which is a pretty
bright multiple star, with others scattered about ; whilst
the nebula in Andromeds, giving a continuous spec-
trum, is on the contrary of pretty definite shape, pre-
senting the appearance of a long oval, increasing con-
siderably in brightness towards the centre. This
nebula, however, has not yet been resolved into stars,
though the spectroscope indicates that it is not com-
posed of gas, unless indeed it be in a very dense state.
On the other hand another nebula, which shows the
bright lines due to glowing gas, has been resolved into
minute points of light, which, however, must be some-
thing different from stars in their ordinary state.
This nebula midway between 8 and y Lyrs is ring-
shaped, and one of the most extraordinary objects in
the heavens even with a moderate telescope ; it is one
of a very small class, the elliptical nebulee being far
more common. The planetary nebule form another
remarkable class, presenting round uniform dises like
those of planets, and giving the spectrum of glowing
gas ; allied to these are the nebulous stars which are
occasionally met with. There are also the strange
spiral nebule, or rather clusters, of which one near the
tip of the Great Bear's tail is the finest example ; but
perbaps the most remarkable objects are the double
nebulw, the finest of which is the ¢ Dumb-bell” nebula
in Vulpecula, composed of two oval masses of incan-
descent gas in contact. Altogether more than 5,000
clusters and nebule have been observed, though the
vast majority of them are beyond the reach of ordinary
instruments. The clusters are almost entirely confined
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to the Milky Way, whilst the nebul® appear to avoid
this zone, being especially collected in the constellation
Coma Berenices and the adjacent parts of Virgo in
the Northern hemisphere, and in the two Magellanic
clouds in the Southern.

The systems of stars which form the clusters and
resolvable nebule are found in every stage of conden-
sation, passing from groups like the Pleiades through
the globular clusters and oval nebul® to masses of
stars like the spiral nebuls and others of less
regular shape; but there seems to be a break when
we get to the gaseous nebule, which is to a certain
extent explained by Laplace’s Nebular Theory. On
this hypothesis the solar system was originally a
gaseous nebula rotating about its centre, which in the
process of condensation assumed something of a spiral
structure, each whorl of the spiral forming a sort of
ring, which attracted the matter in its neighbourhood,
and gradually condensing broke up into several por-
tions. These ultimately coalesced under the influence
of their mutual attractions and formed a planet rotating
about its axis in the same direction as that of the
nebula, since the gas which came from outside the
ring would have a greater velocity eastward, and that
from inside a less velocity eastward—which, as compared
with that of the ring, would be equivalent to a relative
velocity westward ; so that as referred to the centre of
the planet the outer particles would be moving east-
ward and the inner westward, which is in fact a rotation
from west to east. The greatest condensation would
take place at the centre, where a large central sun
would be formed which would attract to itself nearly
all the matter in its neighbourhood, so that only small
planets would be formed near it. Nearer the boundary
of the nebula the attraction of the central sun would be
less felt, and the planets formed there would be able to
attract to themselves more of the nebulous matter,
becoming themselves centres of smaller nebular systems,
from which the satellites would be formed in the same

H2
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way as the planets in the large nebula, circling in the
same direction round a large central planet, such: as
Jupiter or Saturn. The sphere of attraction of the
larger planet being greater, the intervals between the
orbits would increase with increasing distance from the
Sun, and this would be exaggerated by the decreasing
density of the nebula as we proceed outwards. .
Though this is only an hypothesis, changes in thc
solar system of this nature requiring countless ages for
their working out, and being therefore beyond the
reach of any known methods of observation, it appears
highly probable, from what is known of the zodiacal
light, that our Sun is really a nebulous star, while the
connection between comets and meteors serves to show
that phosphorescent gas may readily pass into the form
of minute bodies, which are no smaller in proportion to
the minor planets than those are as compared with
such bodies as Jupiter or Saturn. But though we
cannot detect any changes going on in the -Solar
system, or up to the present time in any of the
nebulee which are supposed to represent its primitive
condition, we find changes in going from one nebula
to another, which correspond well with what may be
supposed to be taking place in any particular nebula in
the course of millions of years. Thus there are gaseous
nebul® of various forms, some of them to all appear-
ance physically connected with stars ; there are resolv-
able nebul® composed of very minute stars, and there
are clusters of larger stars in which the process of con-
densation appears to have been carried a step further,
whilst the spectroscope reveals to us stars which seem
to be in a transition state, their light being derived
from glowing gas, though in this case it is hydrogen,
not the unknown substance of the true nebule. .But
we must not push the analogy between our system and
the nebule and clusters too far, for there are points of
d.lﬁ'erence, and it would seem more probable that ours

is only a seconda.ry system, forming pa.rt of B0
enormous cluster.

o
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This much, however, is tolerably certain, that our
Sun is really one of the stars, and that the earth and
other planets would be all but invisible even from
the nearest of them, careful observations showing that
the earth’s orbit at that distance is apparently less
than 2° across. If, then, we view the star from
opposite points of the earth’s path, there will be this
small shift of 2°, and this is our only means of
finding the star’s distance, for clearly any parallax
from different stations on the earth will be quite insen-
sible. It is not necessary that the two observations at
opposite parts of the earth’s orbit should be made at
the same time, which would evidently be impracticable,
bat it is sufficient to determine very carefully the star’s
position, and then to wait six months, when the earth’s
motion will carry us to the other side of her orbit; the
shift of a star caused by this motion of the earth in her
orbit is called annual parallax, representing the dif-
ference between the positions of the star as seen from
the Bun and earth, and may be determined in two
ways :—1. By measures of absolute right ascension
and declination ; 2. By measures of angular distance
from neighbouring stars. The first method is liable
to errors as large as the quantity we are seeking, but
it has been applied with success to the bright Southern
Star a Centauri, giving an annual parallax of 1"—
the largest yet found—the whole shift for opposite
parts of the earth’s orbit being 2", corresponding to a
distance 200,000 times that of the Sun, or about 7,000
times that of Neptune. The only satisfactory way of
expressmg this enormous interval, which separates us

from the nearest fixed star, is by a reference to the
velocity of light, which, travellmg at the rate of 186,000
miles in a second, takes 8} years to reach us, ha.vmg
passed Neptune only 4 hours before. Thus in looking
at this star we only see its state 3} years ago, and this,
be it remembered, is the nearest fixed star! The
second method may be compared to the determination
of the distance of Venus by means of her transit across
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the Sun, the relative shift being measured ; but in that
case we know the relative distances, whilst with the
stars all we can do is to select such stars for reference
as we consider to be probably at a far greater distance
than the star in question. Thus if two stars be nearly
in a line, but one of them far behind the other, they will
be seen apparently close together, and a shift in our
position will alter the apparent distance between them,
bringing them more nearly in a line or throwing them
further out. In any case, if such a shift be found, we
know that the earth’s orbit must appear of at least this
size a8 seen from the star which is shifted, so that the
distance cannot be more than would correspond to this,
and may be considerably less. The following list gives
the parallax of the stars in which any shift has been
observed, together with the magnitude of the star, from
-which it will be seen that the brightest stars are by no
means the nearest to us in all cases :—

JOURNEBY
* FIrsT METHOD. Mae. PAAII‘S:’:::;. orYL;tA;g IN
1 09 34
1 05 6}
1 02 16
1 02 16
6} 1:0 (?) 34 (?)
RELATIVE
SECOND METHOD. PARALLAX,
54 04 8
4 . 04 8
83 025 13
9 025 13
1 02 16
1 02 16
43 .02 16
2 01 32
64 01 (?) 32 (?)
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In the case of the smaller parallaxes the results are
very uncertain; and this is especially so with Groom-
bridge 1830, for which a negative parallax relatively to
one star in its neighbourhood has been found, indicating
that the star in question is nearer to us than Groom-
bridge 1880—but not much confidence is to be placed
in this result.

It may seem strange that some of the small stars
given above should have been selected for observation,
but attention was called to them by the discovery
that they were moving among the other stars at a
rate which, though very small, was far greater than
that of most other stars, from which it was concluded
that they were probably much nearer to us. This state-
ment may startle a reader who is used to the phrase
fixed stars, but really the motion is so small that very
accurate observations, separated by a long interval, are
required to detect it, and the term fixed may still be ap-
plied to the stars in contradistinction to such bodies as
the planets. The largest proper motion found among the
Northern stars is that of Groombridge 1830, and this is
only 7" a year, at which rate it would make a complete
tour of the heavens in 180,000 years if its motion con-
tinued uniform ; the double star 61 Cygni has a proper
motion of 5" a year, and many other stars have shown
smaller, though still sensible motions, there being appa-
rently every variety of motion, as there is every gradation
of brightness. As, in the case of 61 Cygni, the radius
of the earth’s orbit at the distance of that star is 0”4,
the star must annually move over about 12 times the
distance of the Sun from us, from which it follows that
it is moving with four times the earth’s velocity, or at
the rate of about 70 miles a second. So many of the
stars appear to have motions of their own, that it seems
natural to suppose that our Sun too may be in motion,
carrying our earth and all the planets with him, one
consequence of which would be to make all the stars
appear to move in the opposite direction ; and this fur-
nishes a ready test of the supposition, for it is only
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necessary to see whether there is any getieral drift of
the stars which could be accounted for by a motion of
the Sun the opposite way. Over 2,000 stars have been
examined, and in the midst of much variety (as was to
have been expected) there is found a general prepon-
derance of motions away from the constellation Hercules,
towards which the Sun, therefore, appears to be moving.
Although most of the stars move, as nearly as we can
tell, uniformly in the same direction from year to year,
there are a few exceptions, the most remarkable being
Sirius, which is found to deseribe an ellipse about a
point at a mean apparent distance of 23" in something
like 50 years, and Procyon, which revolves in 40 years
nearly in a circle, having an apparent radius of 1”. Such
a motion would result from the attraction of another
body, and in accordance with this supposition a small
star has been found some 10" off, which revolves round
Sirius somewhat as the Moon does round the earth
(but at a distance greater than that of Neptune from
the Sun), whilst Sirius describes in space an ellipso
about the centre of gravity of the two. As the distance
of these two is greater than that of Neptune from the
Sun, whilst their year is much less, the attracting foree
between them must be much greater, and by reasoning
similar to that used in finding the Sun’s mass in terms
of that of the earth (Chapter IV.), it follows that the
attracting masses must be some 18 times that of the
Sun and Neptune (the latter of which is comparatively
small), and the centre of gravity being twice as far from
the companion as from Sirius, the mass of the latter
must be about twice as great, or some 12 times that of
the Sun. This can only be looked upon as a rough
approximation, the numbers being extremely uncertain.
In the case of Procyon a similar companion star has
been detected, which may prove to be the disturbing
body. :

The two stars above-mentioned are rather peculiar
examples of a very numerous class—stars revolving
about each other. In a powerful telescope a large



BINARY STARS. . 121

number ..of stars which are apparently single to the
naked eye are seen to be composed of two, and some-
times three or more stars very close together, a suffi-
ciently remarkable circumstance considering how thinly
the. bright stars are scattered; and the interest in.these
objects has been enhanced by the discovery that in
many -cases each .star is, revolving round the other,
forming what is called a binary system. From observa-
tions of the apparent direction of one.star of such a
system relatively to the other, combined with measures
of the apparent distance between them, extending over
many years, the paths of a good many have been deter-
mined ; some of. these are given in the following list,
with the magnitudes of the two stars, their least and
greatest distance apart, and the period in years :—

The parallex of some of the above stars has been
determined, from which, as in the case of Sirius, the
combined mass of the two stars of a Centauri has
been found to be  of the Sun’s mass; of 61 Cygni
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about 2; and of 70 Ophiuchi about 8 times that of the
Sun. ¢ and € Lyre form a double binary system, visible
to the naked eye, under exceptionable circumstances,
a8 a very close double star near Vega, forming part of
the pendent to the lozenge of Lyra, and ¢ Caneri is a
ternary system.

Besides the binary stars, there are others between
which a physical connection has not yet been estab-
lished, and which may therefore possibly be composed
of two stars only optically double, one star being nearly
in a line with the other, but much further off. Some
of these are most interesting objects from the beautiful
contrast of colours in the two stars. The following
may be selected as worth notice :—

MaoNI-

STAR. UDES, IDwnxc:. Covrougs.
8 Cygni........ 8,7 34 Double | Golden and smalt blue.
o Herc ..| 8%,5% 4} Double| Orange and emerald green.
<2 Bootis 3, 7 3 Double| Orange and blue.

Polaris...... 23, 19 o Double| Yellow and bluish.

y Andromedss 35, 5g 6 10, 05 , | Triple | Yellow and sea green.
g Lyre......... 4, 9 46 60, 70| Quadr.| White,
o Orionis...... 4, 8, 7 2 42 Triple Wlnte bluish, grape-red.

From the evidence of the spectroscope it appears
probable that difference of colour in the stars cor-
responds in a general way to a difference of condition,
the stars being divided broadly into three classes.

1. White stars, like Vega, at a very high tempera-
ture, and exhibiting & continuous spectrum with very
fine absorption lines.

2. Yellow stars (like our Sun, Arcturus, Betelgeuse)
at a lower temperature, showing strong absorption lines
in a continuous spectrum.

8. Red stars, in which the temperature is so low
that combination of the elements in their atmosphere
takes place, and compound molecules are formed,
showing a spectrum with broad absorption bands.
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. In some of the stars of the first and second classes
the lines of hydrogen appear bright in the spectrum,
indicating a huge conflagration of this gas, whilst with
other stars, like our Sun, the hydrogen is at a lower
temperature, and absorbs more light from the pho-
tosphere than it emits, causing dark lines in the
spectrum. To such conflagrations the appearance of
temporary stars, such as were seen in 1572, 1604,
-1670, 1848, and 1866, appears to be due. On all these
occasions bright stars burst suddenly on the view,
and after a short time disappeared more or less com-
pletely. Thus in 1866 & telescopic star in Corona sud-
denly appeared of the second magnitude, fading away
in 12 days to the 8th or 9th magnitude; and the star
of 1572 was even more remarkable, at one time sur-
passing Jupiter in brightness.

The temporary stars are only extreme instances
of a much wider class, the variable stars, in which
are found changes of all kinds, extending over periods
which range from nearly three days to an indefinite
length, the variations of brightness recurring in some
cases with the greatest regularity, whilst in others
the changes seem to follow no definite law. Among
the former are 8 Persei (Algol), which is ordinarily
of the second magnitude, but at intervals of 2 days
21 hours diminishes to the fourth magnitude, and
increases again to the second, all within the space
of T4 hours, A Tauri, which changes from 8% to 4
magnitude in 4 days, 8 Cephei from 83 to 5 magni-
tude in 6% days, and 8 Lyr® ﬂuctuatmg between 83
and 4} magnitude twice in 12 days 21 hours. The
star o Ceti (known as Mira) goes through its changes
in about 11 months, but is very irregular as regards
their extent, which sometimes ranges from brighter
than the second magnitude to below the twelfth. The
Southern star » Argus is another remarkable variable,
. changing from first to sixth magnitude in an irregular
_period; a Orionis, a Herculis, « Hydre, 8 Pegasi,
n Pegasi, and a Cassiopes, are also irregularly variable,
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sometimes to the extent of half -a magnitude or more,
and many less conspicuous stars have been- noted as
variable. - Nearly all these-stars are orange or red,
and - ehanges in colomr have in several cases - been
suspected, which would seem to show a change of
temperature as they passed from a red to a white heat.
Some -of the double stars too are thought to have
changed colour, but accurate observations on this point
are yet wanting, the eye alone being quite untrustworthy
for absolute determinations of colour. :

We saw that, when observations made at wide - in-
tervals came to be compared; many of the so-called
fixed stars were found td be really in metion; but this
is not the only startling result. The Pole of the
heavens is also found to be moving among the stars,
very slowly, it is true, but still quite perceptibly. It
will be remembered that all right ascensions and longi-
tudes of -stars, are measured from the point where
the Sun crosses the equator, so that if the point
shifts, the right ascensions and longitudes of all objects
will be altered, and this is found actually to be the
case, the longitudes of all stars increasing at the.rate
of about 50” a year on account of a shift westward of
the equator along the ecliptie, which. is known as -the
precession of the equinoxes. A clearer-idea of-this
motion will be gained by considering the pole instead of
the equator, which of cou.rse~always moves with it.
The pole: of the heavens, then, is found to be at any
instant describing a very small are of a circle about the
pole of the ecliptic (which has itself a very small mohon)
at a rate which would carry it completely round in &
cirele of about 283° radius in some 26,000 years. - Now
the . pole of the heavens is nothing but the direction of
the earth’s axis, which it appears has not really a fixed
direction in space, though in-explaining the phenomena
of'the seasons it was unnecessary to take account -of
such 8 very small motion. Instead, then, of the earth’s
axis. pointing always exactly in the same direction,-it .is
eireling round like a top, and from somewhat the same
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cause. The Sun and Moon pull the near part of the
earth’s equator (which bulges out) more than the other
part (as in the case of the tides) ; but as the earth is
spinning rapidly, the effect of this is not to bring' the
equator into the direction of the Sun and Moon, i.e., the
eoliptio, but to make the earth’s axis circle round the
axis of the ecliptic, just as a gyroscope top hanging by
a string on one side keeps a horizontal position; its
axis turning round horizortally so long as it is spinning
rapidly, though the attraction of gravity makes it hang
straight.down when at rest. ~This analogy will remove
the difficulty of conceiving how such a seemingly para-
doxical result could follow. In the case of the top,
its; weight tends ta make it tyrn about & horizontal
axis at right angles to its own (just as a hinged;flap
would in falling), and the combination of this with its
own rotation eauses it to turn about an axis between
the..two, thus making the axis, about which. the top
spins, move continually forward ; for there is at every
instant a tendency (in consequence of the action of
gravity) to turn about an axis a little in advance of the
actual axis. Similarly the Sun and Moon tend to turn
the earth about the intersection of the equator with
the ecliptic as an axis, which, combining with the actual
rotation, makes the earth spin about an axis a little
towards the autumnal equinox, so that the pole of the
heavens (being the direction of the earth’s axis) moves
a little towards the autumnal equinox, thus describing
a very small arc of a circle about the pole of the
ecliptic. Besides this regular recession, the earth’s
axis has a wabbling motion depending on the inclina-
tion of the Moon’s orbit, causing the pole of the heavens
to move really in & wavy line, each wave extending
over nineteen years (lunar nutation); and there are
other irregularities modifying slightly, though not de-
stroying, the regular precession, which has carried the
equinoxes through 80° along the ecliptic since the first
eatalogue of stars formed by Hipparchus in B.0. 125,
increasing the longitudes of all stars by this amount.
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This has introduced some confusion between the con-
stellations ané the signs of the zodiac, as the twelve
parts into which it is divided, are called. In the time
of Hipparchus the vernal equinox corresponded to the
commencement of the constellation Aries (reckoning
from the west), and was hence called the first point of
Aries, whilst the autumnal equinox was the first point of
Libra, and the summer and winter solstices were in Cancer
and Capricorn respectively; but though the equinoxes
have now moved to the constellations Pisces and Virgo,
it is convenient to retain the old terms, and thus a dis-
tinction has arisen between the constellations and the
signs of the zodiae, the former preserving their posi-
tions among the stars, whilst the latter shift with the
equinoxes, the sign Aries being now in the constella-
tion Pisces, the sign Taurus in Aries, and so on. The
practice, however, of referring the positions of the sun
and planets to the signs af the zodiac has died out with
the increase in the accuracy of observations, as the
rough correspondence between the twelve signs and the
twelve months of the year is no longer close enough
even for the purposes-of ordinary life.
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clothboards . « « « « ¢ ¢ ¢ ¢« ¢ ¢ ¢ ¢ & o o o &
Brave Dame Mary; or, The Siege of Corfe Castle.
With three full-poge illustrations on toned paper. Crown
8vo, cloth boards e e e se e o s e e s e ss e o

Butterflies and Fsiries
On toned papermth six full-page illustrations. Royal lsmo.
cloth boards e s s e e e e e e et e e e

Castle Cornet; or, the Island’s Troubles in the
Troublous Times.

A Story of the Channel Islands. By Louisa HAWTREY.
‘With four illustrations on toned paper. Crown 8vo, cloth boards

Cathedral Organist, The.
By the Author of “Madeleine’s Forgiveness.” 18mo, cloth

e e e s s s e s e s s & s s s s e s s s e s

Charlie Tyrrell, and other Tales illustrative of the
Lord’s Prayer.
E. BowkN, Author of “New Stories on Old Subjects.”
lgtrﬁe full-page illustrations on toned paper. Crown 8vo,
C! -.--.a-o-o--.o.oooo.
Effie and her Ayah; or, The Faithful Monkey and
his little White Mistress.
ggt ltloneltl per, with four full-page illustrations. Royal 16mo,
Ellen North’s Crumbs.
BATAN, s bt oot
justrations on Ca)
okt Loards. s Toe; IHustrations on foned paper. Foap S1o
Fables in Verse, and other Poems.
Translated from the German and French by a Father and
Daughter. Wxtb numerous illustrations on toned paper.
Royal16mo, clothboards « « « o ¢ o o o ¢ ¢ ¢ o o o &

(1. 6. %) [Feap. 8vo.]
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First Rector of Burgstead, 'l‘ho.
A Tale of the 8axon Church. By the RMEL.Cma,B.A.
Author of “The Villa of Clandnu » “8t. Cedd’s Cross,” &c.
xhttllxl three full-page illustrations on toned paper. Fcp. 8vo,

01 ® s s e s e s s s e e e s s s e s e s

Frank Weston’s Mistakes; or, Don’t be too Sure.

On toned paper. Royal 16mo, clothboards . . . . . . . 1

Fortunes of the Fletchers, The: a 8tory of Life in
Canada and Australia.
By C. H. EpEN, Esq. With three full-page illustrations on
toned paper. Crown 8vo,clothboards . . . . . « . . _
Golden Gorse; and Uncle Mark’s Snowballs.
By quncn ‘WiLrorDp. With three illustrations on toned
paper. 8vo,clothboards . « . . . . ¢« & « . . &
His Heart's Desire.
‘With three full-page illustrations on toned paper. Crown
8vo,clothboards . . . . . . . . . e s e o s 0 0 s o
Honest Owen and his Blind Sister.
18mo,clothboards . . . . . . & ¢ ¢ ¢ ¢ ¢ ¢ o o o o
Janetta; or, The Little Maid-of-all-Work.
‘With three illustrations on toned paper. Crown 8vo, cloth
King'’s Namesake, The.
A Tale of Carisbrooke Castle. By CATHERINE MARY PHIL-
LIMORE. With four full-page illustrations on toned paper.
Crown 8vo,clothboards . . . . . . . . . .. .. ..
Klatsassan, and other Reminiscences of Missionary
Life in British Columbia.
By the Rev. R. C. LuNDIN BRowN, M.A. With map and
three full-page illustrations on tcned paper. Post 8vo, cloth
Lgnd of Rest, The.
Royal 1émo,clothboards. . « « ¢ ¢ ¢ o o o ¢ o o o &«
Life Underground —in the Church Tower — the
‘Woods —and the Old Keep.
By the Author of “Life in the Walls,” &c., &c. toned
paper, with four illustrations. Royal 16mo, cloth, gilt edges .
Ling Bank Cottage: A Tale for Working Girls.
With two illustrations on toned paper. Crown 8vo, cloth

e« e o o o s e e s s s s e s s e s e s e s o

.

Little Housekeeper, The.
18mo,clothboards . . . « ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o &
Lofty Aims and Lowly Efforts: A Tale of Christian
Ministry.
With three full-page illustrations on toned paper. Crown 8vo,

ck Be o ¢ ¢ ¢ 0 0 o o e 4 e e s e e e e e
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Madge.

On toned paper. Royal 16mo, clothboards. . . « « ¢« « o 1
Mark Woodford’s Promise; or, A Boy’s Obedience.

18mo,clothboards « « « . ¢« ¢ ¢ ¢ ¢ ¢ o ¢ o o ¢ o o 1
Marie Antoinette, Thoughts on.

By C. M. PHILLIMORE. On toned paper, with two illustrations.

Royal 16mo, clothboards . . « « « ¢« ¢ o ¢ ¢ ¢ o o o 1
Mary: s Tale of Humble Life.

‘With three illustrations on toned paper. Crown 8vo, cloth boards 2

Mattie of the Colonnade; or, A Tale of the Hop
Fields.
By 8. BARBER, Author of “Maggie Hay,” &c. 18mo, cloth
boards . . . . « . ¢ ¢ 4 e ¢t e e e s s e e 0 el
Meg’s Primroses and other Stortes.

By H. M. CHESTRER. On toned r, with four full-page
ustrations. Royal 16mo, cloth bozrat&e

Message, The, and other Stories.
With three full- illustrations on toned paper. Crown
8vo.elothboa.rdsm?................2
Michael Penguyne; or, Fisher Life on the Cornish
Coast.
By W. H. G. KinasToN. With three full-page illustrations
on toned paper. Crown 8vo,clothboards . . . . . . . . 1
Narrative of a Modern Pilgrimage through Pales-
tine on Horseback, and with Tents.
By Rev. ALFRED CHARLES SMITH, M.A. Numerous illus-
trations and four coloured plates. Crown 8vo, cloth boards . &
New Stories on Old Subjects.
By C. E BowEN, Author of “Stories on my Duty towards God”
and “ My Neighbour,” & With four full-page illustrations on
toned paper. Crown 8vo,clothboards . . . . . . . . . 8
Odds and Ends, done up in Parcels to suit all
Readers.
pr-svo.paperboardl R EEEEREEEEEEEEEE

One of Life’s Lessons.
A Tale. By the Author of “Janet Thorne.” 18mo, cloth

[ T T T §

T ]

Panelled House, The: A Chronicle of Two Sisters’
Lives.
By M. BRAMSTON. With three jllustrations on toned 3
C{ownSvo.clothboudl © e s s s s e e s e .l.”]fer. 3
Psr;bles of Life. b
y the Author of “Earth’s Many Voices.” Royal 16mo, on
toned paper, with seven illustrations. _Cloth boards, gilt edges 3
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Promadeni.
A ongzw)himl Bketch connected with the Indian Mission
mons omen. By EUGENIA VON MizrLAr®. 18mo, cloth
Bottenutske Alley: A Tale of the Plaiting Distriots.
Founded on Fact. 18mo, clothboards . . . . . . .
Seaside (A Month at the); or, A Sequel to Willie
and May.
By Mrs. R. M. BRAY. Royal 16mo, clothboards o« o ¢ o «
School and Holidays.
A deocnptlon of German “?per Class Life for Girls. Trans-
lated from the German. ith three illustrations on toned
paper. Fcap.8vo,clothboards . « « o « o ¢ o « o &« &
8owing Dragon’s Teeth.
Fcap.8vo,clothboards. . . « &« ¢ o o ¢ ¢ o ¢ ¢ o« o o
Stories of Success, as Illustrated by the Lives of
Humble Men who have made themselves Great.
myJums F. CosB, Esq., Author of “Silent Jim.” With four
ustrations on toned paper. Crown 8vo, cloth boards . . .
Stranger than Fiction.
A Btory of Mission Life. By the Rev. J. J. HALCOMBE, M.A:
With eight full-page illustrations on toned paper. Post 8vo,
clothboards . . . « ¢ ¢ « & & ¢« ¢ ¢ o o o o o s o
Susan; or, The First Year in 8ervice.
With a full-page illustration on toned men
clothboards . . . . . . . paper 8'0.
Thousand Years, A; or, 'l‘ha l[iulona.ry Centres of
the Middle Ages.
By the Rev. JouN WYSE. On toned paper, with four illustra-
tions. Crown 8vo, cloth boards . . . .
Unole Tom’s Stories; or, Buzzes ﬁ'om Insect Land.
On toned paper, mth four full-page illustrations. Royal
16mo, cloth e e 3 6 s e e e s e e e e s a0
Village Beech Tree, The; or, Work and Trust.
With four full-page illusmtnons on toned paper. Crown
8vo,clothboards . . ¢« . ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o &
‘What Friends are Meant For. on
By FLORENCE WILFORD. Ro; 16mo. toned paper.
clyhbouds.......}:d...........
Year in the Country (A); A Tale of the Seasons.
Royal 16mo. On toned paper. Clothboards « « « o « ¢ o

Beposidories :
¥7 GREAT QUEEN STREET, LiNCOLN'S-INN FIRLDS;
4 Royar EXCHANGE; 48 PICCADILLY;
AND BY ALL BOOKSELLERS.
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