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INTRODUCTION.

IT is impossble for us now to know what were the
earliest beginnings of asronomical knowledge. Many of
the remarkable discoveries, such, for ingtance, as the
recognition of the principal planets, were made in pre-
historic times. The very earliest allusion which historians
have been able to discover refersto them as objects which
were aready well known. It is, however, reasonable to
uppose that the firg of all celestial problems which
occupied intelligent man must have been the rising and
the setting of the Sun. So long as the Earth was believed
to consigt of an indefinitely extended plane, it was hard to
realise that the Sun which disappeared in the West one
evening was indeed the sdf-same object as that which rose
in the East on the following morning. Probably this fact
alone led the earliest philosophers to the conclusion that
however the apparent evidence of the senses might lead to
an opposte conclusion, it was nevertheless certain that the
Earth could not be an indefinitely extended plane, but
that it must be a detached and isolated body so that the
Sun was able to dip down under it, as it were in the
course of its nightly journey. Once this step had been
taken arguments were eadly forthcoming to shew that the
Earth was of globular form. The symmetry of the spherical
aurface would naturally appeal to the taste of the early

aA. 1



2 Astronomy

geometers, and when they saw that the Sun and the Moon
weae d0 gphericd, then the doctrine that the Earth is
indeed a mighty sphere became an accepted contribution
to knowledge

The earliest observation dso associates the changes
of the Seasons with certain dterations in the apparent
position of the Sun. It was obvious that the Sun remained
low down in the heavens during the winter, even a noon.
In summer, on the other hand, the Sun ascended high in
the heavens. Thus it wes clear that the Sun was not
a fixed point on the celetid sohere, 0 that even if the
phenomenon of risng and setting was produced by the
revolution of the ceestid sphere, <till some independent
movement had to be attributed to the Sun. The acuteness
of the early observers led them to digtinguish the different
starsin the ky. They saw that these stars were arranged
in certain definite groups, and they noticed the remarkable
fact that the stars bdonging to these groups retained their
cdedid podtions as permanently as the Alps or other
mountains on the earth remained fixed in their terrestrial
places. It was natural to watch how these congellations
came into vighility as soon as the twilight of evening had
subsded. And then a little attention revedled to the
ealy asronomers the interesting fact that the congela
tions which came into view & the sunsets in the West
were not the same throughout the year. They saw that
these congtdlations changed with the ssasons. At last it
was noticed that when a year had dgpsed, the same
congellations returned to their origind podtions.  Take,
for ingtance, one of the mogt remarkable groups, the
congtdlation of Taurus. At certain seasons the stars of
this famous group were found to be situated in the West
as oon as the light of the departing Sun had sufficiently
faded to dlow them to become visble But &fter a few
weks these dtars cessed to be seen, they had passd
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nearer and nearer to the West until at last by the time the
sunlight had declined the sars in Taurus had passed
bdow the horizon. Not for another year was this con-
stellation to be seen in the same position, but then all
the phenomena were precisdy repeated. A little further
congderation pointed out what the cause of these changes
must be. It wasno movement of the stars themsdves.
It was obvious that the changes must be attributed to the
movements of the Sun. As the Sun advanced in its
course it came near Taurus, and then the gars of that
congtellation set with the Sun. The same was true of
many other congellations and hence it became manifest
that the stars were srewn all round the cdestial sphere,
and that the Sun apparently performed an annual revolu-
tion in a track amongg the stars.  This track was carefully
marked out, and the route which it follows, laid down by
the sagacity of these early observers, is the circle which we
now call the ecliptic.

So long as the Earth appeared to be a body of vast
magnitude with regard to the stars, and at a time when
the stars and other celestial bodies were believed to be at
no very great distance from the Earth, it seemed natural
to suppose that the fundamental phenomena of risng and
setting were caused by the rotation of the whole celestial
sphere bearing with it the stars, the sun and the moon,
and all the other celestial bodies. But when it began to
be realised that the dimensions of the Earth were after all
but small in comparison with the distances at which the
heavenly bodies were placed, then suspicions arose that
possibly this apparent movement of risng and setting must
be accounted for in another way. Once it had been shewn
by geometers that all the phenomena which were actually
observed could be explained either by the rotation of the
celestial gohere in one direction, or by the rotation of the
Earth itself in the opposite direction, there could no longer

1—2



4 Astronomy

be much doubt as to the true explanation. It was
obvioudy more rational to suppose that the Earth turned
round once every twenty-four hours than that the stu-
pendous fabric of the celestial gphere with the heavenly
bodies upon it could accomplish a rotation in the opposte
direction in the same time.

As the Sun performed its annual movements along the
ecliptic which runs through the signs of the Zodiac, it was
for ages supposed that the great luminary did therefore
actually make an annual revolution around the Earth.
Here again, however, it was shewn that the apparent
movement was really quite different from the real one
Copernicus (1473—1543) pointed out how the phenomena
as to the seasonal change of the Sun's altitude in the
heavens, and as to the passage of the Sun through the
various congtellations which mark out the signs of the
Zodiac, could all be accounted for in a much smpler
manner. He made the bold suppostion that the Earth,
besides its rotation around its axis, also performs a move-
ment of revolution around the Sun, acccmplishing this
revolution in the course of a year.

Thus was our knowledge of the- celestial movements
advanced to the stage from which modern Astronomy takes
its departure.



CHAPTER |I.
THE DIURNAL MOTION.

§1. Shape and Size of the Earth. Welearnin our
geography  books the wdl-known fact which demongrates
that the Earth is not the flat surface which a first glance
would seam to indicate, but that it is of a more or less
sphericd form.  More precisdly we describe the figure of
the Earth as produced by the revolution of an dlipse
around its shorter axis. According to the best deter-
minations the equatorid semi-diameter of the dlipse is
20926000 feet and the length of the polar semi-diameter
is 20855000 feet, and from these figures we easily deduce
that the dlipticity, by which we mean the ratio which the
difference between the two axes of the dlipse bears to the
larger, is 1/295.

8§ 2. Atmospheric Refraction. The Earth is sur-
rounded by an amosphere with a dendty greatest at the
aurface of the Earth and seadily diminishing until the
upper limit of the amosphereisreached. The actual height
to which the atmosphere extends cannot be stated precisdly.
It has been found that shooting-stars are sometimes seen at
an dtitude of more than two hundred miles, and since these
bodies are only rendered vishle by the resistance which our
amosphere offas to their motion we concdude that the
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atmosphere must be at least as high as that would indicate.
From the astronomer's point of view the atmosphere has
always to be reckoned with on account of the effects which
it produces in distorting the apparent place of the heavenly
bodies by refraction.  Whenever a ray of light passes from
one medium to another of different density its direction is
deflected in accordance with well understood laws which
are explained in any book on Optics. A ray of light from
a dar entering our atmosphere at A (Fig. 1) is in accord-
ance with these laws bent down through a very small angle
towards the centre
of the Earth. We
may suppose the
atmosphere to bo
composd of a very
large number  of
successive layers, or
drata, lying one
bdow the other and
increasingin density
towards the Earth's
aurface. When the
ray passesat B from
the upper layer to Fig. 1. Atmospheric Refraction.
the next bdow it the ray is bent down again towards the
centre by a very small amount. Passing thus from layer to
layer it follows a curved path through the atmosphere,
The obsrver is, however, immediately conscious only of
the direction of the ray at the very end of its journey,
where it enters his eye. Accordingly, the ray appears to
him to come in the direction SE and the angle between
thisline and the true direction of the star, namely 8MB', is
called the refraction.

A dar vertically overhead is unaffected, since the ray of
light from it to the eye of the observer is perpendicular to

o
Oamie of Earth
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eech of the successve strata through which it passes.  But
a any distance from the zenith, for so the point verticaly
overhead is tarmed, down to the horizon, the refraction
gradudly increeses. Thus, for instance, at an apparent
zenith digtance of 45° the effect of refraction isto meke a
star appear 58" '2 higher than it ought to appeer if the air
weae absent.  Towards the horizon refraction incresses, and
becomes 34' when a star is actualy a the horizon, but,
generdly speeking, refraction may be taken as proportiona
to the tangent of the zenith distance for moderate distances
from the zenith.

8 3. The Celestial Sphere. The various cdegtid
bodies are conventiondly supposad by the astronomer to be
onthe surface of agpherewhichwecdl the celestial sphere.
Of course | need hardly sy that the stars are a very
varied distances from the Earth, but neverthdess the
gppearance of the heavens can be represented on a globe
of which the observer is supposad to occupy the centre.
With regard to the ordinary stars, their distances are so
enormous as compared with the dimendons of the Earth,
that the dze of the latter may be absolutely neglected, and
obsarvers in dl parts of the Earth may be conddered
equaly as occupying the centre of the celestid sohere.

When deding with the members of the solar system,
whose distances though vast are not so enormous as to
judtify us in conddering the Earth as a mere point at
the centre, it is often necessary to take into account the
position of the observer on the surface of the Earth.

84. The Constellations. The mgority of the objects
vighle in the ky are known as the fixed stars; there are
only five planets which are congpicuoudy visble to the
unaided eye, namdy, Mercury, Venus, Mars, Jupiter and
Saturn.  The fixed stars have been dasdfied according
to their degrees of brightness. The brightest stars are
those of the firg magnitude, such as Sirius, Arcturus,
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Vega, and Capdla. The next order of magnitude may
be illustrated by the stars which form the wel-known
constellation of the Great Bear. The stars bdow those
again would be the third magnitude, and so down to the
very faintest stars which could be seen with the most
powerful telescope. Of the first magnitude sars the
number is nineteen, of the sixth there are nearly five
thousand, while of the ninth there are about a quarter
of a million. A sar of the first magnitude is about a
hundred times as bright as one of the sixth. Stars of the
fifth magnitude are faint to the unaided eye, while those of
the seventh can but rarely be perceived without a tele-
scope. The numbers of the stars increase enormoudy as
we include the fainter objects. Argdander's famous chart
of the northern hemisgphere contains 324,188 gars.  All
gars of the firs nine magnitudes were included in this
list, and a consderable number also between the ninth and
tenth magnitudes. The total number of stars now known
must be reckoned by scores of millions.

The prodigious multitude of minute stars is well shewn
in the Milky Way, that broad band of light across the
heavens. One of the earliest results of the application of
the telescope to celestial spaces was to prove that the
Milky Way was composed of myriads of stars, generally
speaking too minute to be discernible with the unaided eye,
but producing by their clustering myriads the luminous
effect which is so wdl known. A photographic plate
exposed in a properly mounted camera for a few hours will
record the impresson of uncounted thousands of gars in
almogt any part of the Milky Way. In certain places
these stars accumulate in such abundance that it seems
almogt impossible to discriminate, in the coruscating mass,
the individual stellar points which contribute to it. Some-
times, on the other hand, we are astonished to see vacant
tracts in which few gdars are to be observed. From the
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earliest times it was found necessary for convenience in
studying the heavens to divide the gelar regions into
groups, which are known as congelations. This early
method, which has survived to the present day, supposes
the surface of the celestial sphere to be covered with
imaginary representations of human figures and other
objects. By some grotesque associations the bright stars
in the sky are made to indicate the forms of the objects.
Whatever may be said as to the art or the science of this
scheme it, at all events, provides uswith the convenience of
a special name for each part of the sky, the stars in each
region being teemed a congtelation. We mugt refer to
Chapter xvl for some description of these constellations,
and it will be convenient for the student by the aid of
Map | and Map II, p. 222, to make himsdf familiar with
the postions of the leading groups.

§ B. The Diurnal Motion of the Sphere. The
diurnal motion of the stars, in which of course the Sun, the
Moon and planets also participate, has now to be considered.
Take some particular congtellation, and for this purpose
the congtellation known to astronomers as Ursa Mgor and
to many people in this country

as The Plough is very con-

venient (Fig. 2). Itisconvenient \
because whenever the sky is

dear this particular group will

be found above the horizon. The

first observation to be made is to

note the position of Ursa Major

with referenceto the surrounding

objects. Theaobservationisto be

repeated a few hours later. A

very remarkable change will have

taken place It will beseenthat fig 2 Thepoleand
thewhole constellation has shifted the Pde Sar.
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bodily. The apparent angular digances of the stars in
the congtdlation from each other have not indeed dtered,
but the whdle congtdlation has been digplaced relatively to
the terrestrial objects. A like observetion may be made
with any other congdlation that is visble and in an hour
or two the changes in its podtion will be obvious

The leaner must specidly meke himsdf acquainted
with that most important star in the northern hemi-
sphere which is known as 'the Pole Star.' It is eadly
indicated by the two leading stars in the Great Bear which
are cdled 'the Pointers.” because the dtraight line joining
them points very nearly to the Pole. At different hours of
the night, or even a different seasons of the year, the Pole
Star will dways be seen in the northern sky at what is
nearly the same devation aove the harizon. The fixity
of the Pole Star gppears in marked contrast to the never-
ending changes in the pogtion of the congtellations. We
do not indeed say that the Pole Star is absolutely fixed,
but the amount of its movemernt is quite insengible in com:
parison with the movements of the other congtelations.

It would seam indeed as if the cdettid sphere con-
taining al the congtdlaions was actualy revolving about
an axis which passad through the Earth's centre and which
aso passed, | cannot say through the Pole Star but quite
near to it, piercing the cdedtia sphere in points which are
cdled the North and South Poles.  This movement of the
congellations, by which eech of them gppears to complete a
circuit of the celestial sphere once aday, is cdled the diurna
motion.  In this moation the relative positions of the stars
are unatered and each star maintains its distance from the
pole unchanged except for the smdl disturbance caused by
the amospheric refraction, as explained above, the amount
of which varies as the star changes its position.

§ 6. Circlesof the Sphere. It can easily be shewn
that if a point on a phererotates L asto be dways at the
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same distance from a fixed point on the sphere its path will
be acircle. For, if P be the
fixed point and ¢ the centre
of the phere and if 8 be any
position of the moving point,
then the arc PS and cons
guently the angle SCP are
congtant. L et fall SN perpen-
dicular to CP. Then in the
triangle SON, the angle SON
is congant, the angle SNC is
aright angle, and the sde CS

Fig.3. Great and Small Cirdes

is congant, being the radius
of the sphere; hence the sde NS is congant in length.
Also, CN is congant and therefore N is a fixed point.
Inasmuch as SNC is a right angle it follows from the
fifth propostion of the eeventh book of Euclid that all
successive pogtions of NSlie in the same plane. Hence
the path of 8 must be some plane curve, and snce NS is
congtant in length and N a fixed point, it must be a cirde
Thus we e that every star will appear to destribe a
crcle and the planes of all these cirdes will be paralle to
each other, for the same line (viz. CP, the polar axis) is
perpendicular to them all. Cirdes such as those dexcribed
by the gars Sand S (Fig. 3) whose planes do not pass
through the centre of the gphere are called small circles,
their radii, as NS, NS, being less than that of the phere
Any circle on the sphere whose plane passes through the
centre is called a great circle, and it is dear from the
figure that if the angular disance of a star from the pole
be exactly a right angle (or 90°) the plane of its diurnal
circle will pass through the centre and hence its track will
beagreat circle. Thisparticular great circlewhichis every-
where 90° from thepoleisa very important onein astronomy.
Itiscalled the celestial equator or smply the equator.
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We may therefore state generdly that the apparent
diurna motions of the stars, and here we must include dso
the Sun, the Moon and the planets, are paformed in amdll
cdrdes of the celestid ohere, and al these smdl cirdeslie
in asygem of planes pardld to the cdedtid equaor. It
isto be noted that so far as the stars are concerned eech
one moves round in its drde with uniform veocity and
each gar dso requires the same time for the completion of
its circuit, that time being found by obsarvaion to be
23 hrs. 56 mins 4 secs The times required by the Sun,
the Moon and the planets vary.

There are other cirdles on the cdedtid sphere which it
is necessay for the student
to understand. A line hung Znitk
verticdly with aweight at the
end determines a direction
which paointing upwards indi-
catesthe point of the sphereal-
ready refarred to as the zenith
and pointing downwards indi-
caes the point on the cdegtid
sphere known as the nadir. A
plane perpendicular to thisline
through the observer'seye cuts
the cdedid shere in the
great crcle which we cdl the

Fadir

horizon. If agreat cirde be Hg. 4. The Cdedid Shae
drawn through the pole of the
heavens and the zenith and be continued round, it would
pass dso through the nadir. This circle is cdled the
meridian of the place of obsarvetion. Ancther important
crcle, as | have dready pointed out, is that which is at
evary point 90° distant from the Pole.  This greet cirdeis
spoken of asthe equator.

87. The Sidereal Day. The period of revolution of
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each of the gars in this diurnal motion being the same, the
result is that the whole sdereal system revolves asif all the
bodieswerein onepiece. The time taken for thisrevolution
iscongtant. It furnishestherefore a most important natural
unit. Its length measured in ordinary solar timeis 23 hrs
56 mins. 4 secs, and this is the period known to asronomers
asthe sdereal day. Like our ordinary day the Sdereal day
isdivided into 24 (sdereal) hours, each hour into 60 minutes
and each minute into 60 seconds. The sandard dock in
the Observatory is regulated to keep this time, sidereal
time as it is called. The ordinary time convenient for
civil purposes, and which is known as mean solar time, has
a day nearly four minutes longer than the Sdereal day.
88. TheRotation of the Earth. It would of course
be possible to account for thisdiurnal rotation of the heavens
0 far as the mere geometrical phenomena are concerned,
by supposing that the whole celestial sphere did actually
turn round as it appearsto do. We must however always
be prepared in the study of astronomy to distinguish
between apparent motions and real motions. A little
congderation will shew that all the phenomena of the
diurnal movement can be accounted for by the supposition
that the celestial sphere remains at rest, but that the
Earth at the centre is rotating uniformly in the opposte
direction, and accomplishing each complete rotation round
its axisin the period of 23 hrs. 56 mins. 4 secs. Once the
issue has been placed in this way it isimpossibleto hesitate
as to whether the phenomenon should be explained by the
rotation of the celestial sphere or by the rotation of the
Earth. When it was understood that the various celestial
bodies were situated at widdy diflferent distances and that
some of those distances were excessively great, it soon
became plain that it would be hardly short of miraculous if
the whole system revolved around the Earth in such a
manner that every star, no matter what its distance, should
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take precisdy the same time to complete the circuit.
The veodities dso with which the various bodies would
have to be endowed in order to accomplish such arevolu-
tion would be exceedingly great. Take, for ingtance, the
caxe of the Sun. It would be preposterous to suppose that
this body, between one and two million times bigger than
the Earth, should whirl round the Earth once each day at
a digance of nearly ninety-three million miles, when dll
the obsarved phenomena could be equaly wdl accounted
for by the much smpler suppostion that the Earth is
itsdf in rotation. Thisthen isthe firg great step in our
comprehenson of the heavens. It is to learn that this
diurnd movement is merdy apparent and that what
actualy takes place is a rotation of the Earth.

89. Fundamental Observation. The fundamenta
obsarvation in the Obsarvatory congids in determining the
plece of a cdedid body, say, for indtance, a star. Let it
be supposad that we want to determine the podtion of the
star named Vega  To indicate its place on the cdedtid
sphere we must know first of dl its distance from the Pole.
That is to say, of course, the humber of degress in the
distance between the point on the celedtid sphere that we
cdl the Pole, and the point
whichisoccupied by the star
Vega This is one of the
eements in the determina-
tion of the place of the star,
but it is of course not auffi-
cient by itsdf. It medy
points out a certain smdl
crcle on the sphere (VA,
Pig. 5), every point of this
gndl crde being a the

same distancefromthe Pole, fig 5, Right Ascenson and
and the obsavaion tdls Deadindion,
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us that the star Vega is somewhere or other dong the
drcumference of thissmdl circle. We must determine the
postion of the star upon the smdl cirde and for this
purpose We reguire to mark some point of reference upon it.
Let us take some star as a standard of reference; let us
say, for ingtance, the bright star Sirius, and mark its place
on the cdegtid sphere by the letter S and now draw the
great cirde PSthrough the Pole and Sirius.  This will cut
the smdl circle dong which Vega lies in a certain point
that we may cdl A. We might sdect this point A as
the standard point on the smdl cirde and the ac AV
measured from A up to the podtion V of Vegawould give
the pogtion of that star. It is, however, not convenient to
measure arcs dong a smdl cirde, so instead of taking that
arc we shdl take the angle which the arc subtends at the
Pole, that is to say the angle between the two great circles,
VP and SP. We can thus completdly determine the posi-
tion of this particular star Vega We want to know firgt
of dl its distance from the Pole, then starting from the
Pole we measure the given distance PA on the standard
great drcde SP. Through this a smdl drde is to be
dravn with the Pole as centre and then the required
angle SPV is to be marked of. This will indicate the
position of Vega

It will thus be plain that for the determination of the
postion of an object on the cdegtid sphere two quantities
are necessary, the distance from the Pole and the angle
beween the standard great circde and the great cirde
passing through the object and the Pole. By the standard
great circle we mean a great circdle passing through the
Pole and some standard object. Conddering that the
whole cdegtid sphere isin apparent rotation accomplishing
a complete turn once in a Sdered day, it is very natura
and it is extremdy convenient to measure the angle
between these two greet circles not in the way in which
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angles are usualy measured, by degrees, minutes and
seconds, but to measure it as a matter of time, in hours,
minutes and seconds.

§ 10. The Meridian Circle. We can now describe
the mogt fundamental observation of an Observatory. We
shall suppose that we have a our disposd a dodk which
has been carefully rated to keep Sdered time. The in-
strument with which the observation is made is the meri-
dian circle In former days it required two instruments,
the transit instrument and the mura circle, to meke a
complete observation of this sort. The meridian circle,
however, which is usad in a modern Obsarvaory for this
purpose s, in fact, a combination of the two.

The transit instrument condgs of a tdescope which
rotates on an axis fixed at right angles to its length.
The axis is carefully adjusted so as to be dtrictly horizontal
and to point exactly east and west.  When placed horizon-
tally this telescope will point of course to the north; when
rased to a suitable devation it will point exactly to the
Pole; when turned verticaly upwards it points to the
zenith. In fact, an eye placed at that tdescope as it is
turned around its axis will trace out the meridian on the
cdedtid gphere, and to give precison we may suppose that
a dngle fine thread has been dtretched across the eye-piece
of the tdesoope perpendicular to its axis, so that as the
telescope is moved round, this thread, projected againgt the
sky, will dways coincide with the meridian. Such is the
transit ingtrument, and now for the way in which the
trangit instrument is to be employed. The astronomer
waits till Sirius is crosing the meridian. This is the
moment when Sirius, rising up from the eastern horizon,
reaches the highest point of its daly course before it
begins to dexcend towards the wesern horizon. The
meridian is marked to the obsarver seeted at the telescope
by the line across the eye-piece, and he notes by his dock
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the hour, the minute and the second at which Srius
passes this line, and records the time thus found.

In the best modern observatories an instrument called
a chronograph is used by which the time of such an
observation can be registered to a gmall fraction of a
second by merdy pressng an electric key. He then points
the telescope to that part of the meridian at which Vega
will cross and waits until in the course of its diurnal
movement Vega comes across his fidd of view, and then
he repeats the observation, determining once again with
the clock the hour, minute and second when Vega makes
its trangt across the line in the eye-piece.  Subtracting
the time in the former observation from the time in the
latter, he learns the number of hours, minutes and seconds
in the angle between the great circle drawn from the Pole
down to Srius and the great circle drawn from the Pole
down to Vega. If hewishesto transform the measure of this
angle thus expressed in time, into the equivalent expresson
in degrees, minutes and seconds, then he can easily make
the change by smply remembering that since 360° (i.e. the
whole cdrcumference) passes the meridian in 24 hours,
fifteen degrees of arc are equivalent to one hour of time.
But it will not generally be necessary to make this change,
since agronomers always prefer to keep these angles ex-
presed in time as they are thus much more convenient for
immediate comparison with other observations. Thus one
element of the place of Vega has been obtained. We have
now to learn its angular distance from the Pole.

To effect this determination the astronomer employsin
all modem observatories what is known as the meridian
circle.  This condsts of a transit instrument provided with
a circle perpendicular to the axis of rotation and concentric
with it, the circle being carefully divided into degrees,
minutes and seconds, and provision is made by the help of
microscopes to enable these divisions on the circle to be

B. A. 2
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reed df with extreme precison. We shdl suppose that
once for dl the angular distance of Sirius fram the Pole has
been obtained, and we shal accordingly employ Sirius to
give not merdy the firg dement of the podtion of Vega
but dso the ssoond. When the obsarvation of , Sirius is
being made the adronomer places it centrdly in the
telescope a the moment it is passing the meridian. To
enable this to be done with precison the meridian circle is
provided with a second line in its eye-piece & right angles
to that dready described, so that when the star is in the
fidd of view the obsarver, by means of a dowly-moving
Lrew, can 0 caduly adjust the telescope that the star
runs adong the line when in the act of transit. He will
then read df his cirde and mark the number of degrees,
minutes and seconds corresponding to the point immediately
under the index. Next, when Vega s pasing the meridian
he will take asmilar observation, he will place the telescope
50 that Vega runs exactly dong the .horizonta wire and he
will read the circle and record the degrees, minutes and
seconds, indicated by the reading microscope. He will now
subtract the reading that he gets for Vega from the reading
that he previoudy found for Sirius, and the difference be-
tween the two will give the difference between the distance of
Vega from the Pole and the distance of Sirius from the Pole.
| have supposad that the obsarver knows the distance of
Sirius from the Pole and hence he is adle, by a smple
subtraction, to obtain the angular distance of Vega from
the Pole.  This obsarvation can be repeated with any other
dtar, or it can be repested with any planet or with the
Sun or with the Moon or acomet.  In other words, having
taken the place of Srius as a standard it will be possble
to determine with dl desred precison the place of every
other object on the cdedtid here.

8 11. The Equinox. Suchisan outline of the process
by which the places of the cdegtid bodies are recorded.
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There are a multitude of other details to be attended to.
For instance, the refraction of the atmosphere, as | have
aready explained, always tends to make a star appear
higher above the horizon than it actually is. The ob-
servations have therefore to be cleared from the effect of
refraction in order to exhibit the place of the star as it
would have been had there been no such disturbing effects
of the atmosphere. Then too | have spoken of Sirius as
the standard point from which all the other measurements
were made. But any other star might equaly have been
chosen as a standard, or indeed, any other point in the
heavens, provided it was possible to clearly define what that
pointwas. As a matter of fact we do not ultimately use any
star but we employ instead a certain point in the heavens,
a point called the equinoctial point or simply the equinox,
which is the intersection of the ecliptic and the equator.

§ 12. To determinethe position of the Equator.
The ecliptic is the great circle of the sphere in which the
Sun performs its apparent annual movement. To understand
clearly how the position of the equinox is determined it
will be necessary to refer to the next chapter, where the
apparent motion of the Sun is considered. But it will be
convenient to point out here how the position of the
equator is ascertained.

It is clear that each star in
the course of its daily revolu-
tion will twice cross the great
circle of the meridian. In the
case of most stars the lower
transit will take place when
the star is beow the horizon
and therefore invisible, but
stars situated not very far
from the Polewill be visible at
both transits. Such stars are  Fig, 6. Ciroumpdar Star.

2—2
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called circumpolar. Now if the meridian circle be pointed
to such a star at its upper transit at U, Fig. 6, and
again 12 hours later, when it is crossng the meridian below
the Pole at L, and the two readings of the circle be taken,
it isquite cbviousthat in the upper position the sta- must be
as many degrees above the Pole as it is bdow the Pole in
the lower postion. If therefore we add the two readings
together and divide by two it is clear that we shall get the
reading corresponding to the position of the instrument
when it is painting to the Pole. Here again the influence
of atmospheric refraction will slightly modify the result, but
its effect can be satisfactorily calculated and allowed for.

In this way we can direct the telescope accurately to
the Pole and, since we know that the equator is everywhere
90° from the Pole, we have only to turn the telescope
through a right angle to make it point to the equator.

§ 13. Right Ascension. The moment when the
equinox is passing the meridian is taken as the beginning
of the sdereal day and we set our sidereal clock so that
at this instant it shall shew 0 hours, 0 minutes, 0 seconds.
And if our clock is going correctly then when this equinox
comes round to the meridian again the clock should have
gone through a complete twenty-four hours and should
again exhibit 0 hours, 0 minutes, 0 seconds. The right
ascension of a gar is the time which dapses between the
instant at which the equinox crosses the meridian and the
time of transit of the sar. The dock having been ar-
ranged so as to shew 0 hours, 0 minutes, 0 seconds when
the first of these events takes place, it is clear that the
time indicated by the dock at the time of transit of any
sar is its right ascenson. We are now able to see how
convenient the sidereal clock is for the purposes of the
agronomer. Each object in the heavens hasits own right
ascension and we see that its right ascension indicates the
sidereal time at which this particular object will be crossng
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the meridian. Thus, for ingance, the Nautical Almanac
tells us that on May 1¢ 1899 the right asenson of
Vega is 18 hours 33 minutes 33'38 ssconds  This means
that in an observatory where the dock is going properly
the time thus mentioned is the time at which Vega would
just be pasing behind that line in the transit instrument
which indicates the meridian.

8 14. Declination. | have aso spoken of the distance
of Vega from the Pole as one of the dements to be deter-
mined. Now if we draw a line from the Pole through
Vega to the Equator that arc from the Pole to the Equator
is of course an arc of 90°, and the part of it between Vega
and the Equator is what we call the declination of Vega.
Agronomers have been led to adopt the declination of the
dar rather than its polar digance as the dement to be
recorded, and consequently the polar distance to which
| have aready referred mugt be subtracted from 90° in
every cae  This gives us the declination which, with the
right ascendon as already explained, completely defines
the postion of the dar.

§ 15. The Altitude of the Pole is equal to the
Latitude. It is easy to shew that the altitude of the Pole
or its angular distance above the horizon will be different
at different places If, for
ingance, the obsrver were
ganding on the North Pole
of the Earth, then it is plain
that the North Pole of the
heavens would be directly
over his head. His latitude
would in that case be 90° and
the altitude of the Pole is
precisdy the same, 90°. Or, .
on the other hand, if the Fig. 7. Meaning of a paint
ocbsrver were on the Equator . on the Cdedid Sheae
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he would find the Pole of the heavens down at the horizon,
the atitude of the Pole would be zero, and of course the
obsarver being on the Equator has his latitude zero. Aswe
have seen earlier in this chapter, the distances of the stars
are 0 vast compared with the dimensions of the E rth that
we may condder the whoe Earth as a single point at the
centre of the cdedtid sphere.

Or, looking at the question from another point of view,
the lines drawn from any two points of the Earth—say, two
opposte points of the Equator E, Q (Fig. 7)—padld to
the axis of rotation of the Earth, will remain at the same
distance apart however far they may be produced. They
will therefore pierce the cdedid sphere a two points
separated by a digance equd to the Earth's diameter.
But at the distance of even the nearest of the fixed stars
a body the dze of the Earth would dwindle to the mogt
insengble dimensions, and two points on the sphere sepa
rated by a distance even athousand times greater than we
have supposed could not possbly be digtinguished apart.
We therefore arrive at the important concduson that al
pardld lines drawn from the surface of the Earth gopear to
meet the ceedtid sphere in the same paint.

In the adjoining figure the dlipse EOPO'E'P re-
presents a meridian of the Earth, P and P are the north
and south poles, EE' through the centre, at right angles to
PP, isthe equator, and O isthe posdtion of the observer.
Then if the line ZON represents the podtion in which a
plumb-line a O will hang, OZ is the direction of the
vertical and OH a right angles to it is a section of the
harizon a 0. Also it fdlows from the last paragraph
that the line Op, drawn through O pardld to PP, is the
gpparent direction of the Pole as seen from 0. Both of
these directions can be experimentaly determined by the
obsarver & 0. The direction of thevertica isfound by the
actual use of a plumb-line-or some equivaent apparatus for
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determining the direction of gravity, while the direction of
the Pole is ascertained by observing a circumpolar star
above and bdow the Pole asexplained on p. 19. The angle
UNO is actudly the geographicd latitude of 0—it is, in
fact, by such obsarvations that the latitude is determined—
and the angle HOp, which is dbvioudy equd to it, is the

Fig. 8. Latitude on a Spheroidal Earth.

dtitude of the Pole. In the figure a sscond point O has
been taken and the corresponding lines are denoted by
accented letters. It will a once be seen that the angle
E'N'Ois, asin the former case, equa to 11I'O'p, which is
of course the atitude of the Pole & O



CHAPTER 1.
THE SUN.

816. Size and Importance of the Sun. Our con+
Beptions of the scde on which the Universe is built will
perhaps be best illustrated at the commencement by condder-
ing a faw facts with regard to the Sze and the distance of the
Sun. The diameter of the great globeis 866,000 miles. To
redise fully dl that this implies we must consider that it
is more than a hundred times as great as the diameter of
the Earth. Even this fact will however hardly enable us
to fom an adequate conception of the vast dimengons of
the Sun, unless we further teke into account that the
volume of a sphere is proportional to the cube of its
diameter. It therefore fdlows that if the Sun's diameter
is more than a hundred times that of the Earth, the former
body must be more than a million times greater than the
Earth in volume. This fact will sufficently illustrate the
proper perspective in which our Earth is to be placed as a
body in the Universe. It is clearly of dimensions which
must be regarded as excessvely amdl in comparison with
those of the great luminary.

The distance between the Earth and the Sun is 400
times greater than the distance of the Moon. It is the fact
of the Sun's being so Situated that makes it appear to us
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no larger than the Moon, which is, as we shall see, one of
the smdlest bodies in the Sysem. If we take a globe
one inch in diameter to represent the Earth, then we must
have a globe 9 fedt in diameter at a digtance of 323 yards
to represent the Sun on the same scde,

817. Massand Density. It may bealittlesurprisng
to note that though the Sun is more than a million times
as big asthe Earth, yet itis not so heavy as that proportion
would imply. If the Sun were made of materials which
were of the same nature and in the same condition as those
materias of which our Earth is composad, then, seeing that
the Sun is more than a million times larger than the Earth,
we might ressonably expect that it would be heavier in a
corresponding degree.  But this is not thecase. The Sun
is only about three hundred thousand times as heavy asour
Earth, and therefore we infer from these figures that, bulk
for bulk, the Sun is composed of materials which, in their
present condition, are on the average only about one-third
of the weight of the materids of the Earth's globe.

§ 18. The Light and Heat of the Sun. The extra-
ordinary abundance in which light and heat are emitted
from the Sun is one of the mogt impressve factsin Nature.
The distance of the Sun from our Earth varies dightly at
different times of the year, but, on an average, it has been
found to be ninety-two millions nine hundred thousand
miles  When we reflect how quickly the warmth and the
brightness from any source of light or heat decreases as the
distance of that source increases, we do indeed find room
for astonishment a the quantity and the intensity of the
light and heat from the Sun, which across that ninety-two
million nine hundred thousand miles is able to transmit to
us such warmth and brilliance as we enjoy on a summer's
day.
§19. Figureof the Sun. Sunspots. The circular
fam which the Sun presentsto the eye is dueto the circum-
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gance that the Sun is indeed a globe and, as such, has
a circular outline from whatever point of view it may be
observed. The first step in the investigation of the
gructure of the Sun raises the fundamental question as
to the physcal nature of the materials of which it is
composed.  Are they solid, liquid, or gaseous? It might
be thought that the Sun is a solid globe like the Moon,
but raised to a heat so intense that, instead of being dark,
and opague like the Moon, it glows with vivid incan-
descence.  But the telescope shews on a little closer exami-
nation that thisview mugt be abandoned. When we study
the Moon with the telescope we find on its surface de-
finitdly marked features and we always see these features
in the same position whenever the observations are made
The objects characterigtic of the Moon may therefore be
decribed as permanent.  But there is nothing of a per-
manent nature on the Sun. Frequently the brilliant surface
has but little to attract attention upon it; occasonally,
however, it will be found marked with dark spots.

"The very source and fount of day
Is dashed with wandering isles of night."

The appearance of these "sunspots” for so they are
called, is well exhibited in the photograph which is here
reproduced, which was taken at the Royal Observatory,
Greenwich, on Feb. 13, 1892. Sunspots vary greatly both
as to gze and form, and exhibit various degrees of perma-
nence. Sometimesthey endure but for a few daysor weeks,
sometimes they last for months. It is thus shewn that the
Sun cannot be a solid body. No solid body could exhibit
such variable features as are the solar spots.  When the
photograph is carefully examined it is seen also that the
texture of the outer covering of the globe is by no means
uniform.  The surface of the Sun congists of brilliant white
granular parts floating over a darker interior, and the
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glimpses of that darker interior which we occasonally
obtain reveal to us the same characterigtics as the dark
centres of the spots.

§20. Rotation. Careful study of the spots has disclosed
a very interesting circumstance connected witli the Sun.
The spots as we have said occasionally wax and wane and
sometimes they have small movements of their own across
the Sun's surface.  But it was found by Scheiner, so long
ago as 1627, that the various spots all partake of a
common movement which could not be accounted for by
the suppodtion of any proper motion in the spots them-
sdves. It is invariably found that they move across the
Sun from the Eagst to the West. Those spots which
remain visble long enough to enable the observation to
be made require about thirteen or fourteen days for the
journey across the face of the luminary. Then they
require as much more for the journey round that side of
the Sun which is turned away from us. And then they
appear again at the eastern margin of the Sun. This
movement is so universal and so regular that it is obvioudy
independent of the movements of the spots themselves on
the Sun. We find a complete explanation of it by sup-
posing that the Sun, in this respect like our Earth, rotates
on an axis which is nearly at right angles to the ecliptic
in a period of about twenty-five days. We thus notice
that the movements of the Sun are much dower than the
terrestrial movements, inasmuch as the Sun requires for
each revolution a period about 25 times as long as the
Earth. It should, however, be pointed out that the period
of rotation as indicated by the motion of the spotsis not
the same for all portions of the solar surface.  Spots at the
solar equator rotate in about 25 days. Between 20° and
30° of solar latitude the period is 26 days, while spots
which break out at 40° from the equator require 27 days
to peform a revolution. This remarkable fact affords
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another proof that the Sun's globe is not composed of solid
materials.

When we consider the enormous preponderance in the
sze of the Sun over the sze of the Earth, there is no
reason to be surprised at the fact that the Sun's movement
of rotation should bo so much dower than that of our
globe. Even as it is, the equatorial parts of the Sun are
actually whirled along three times as fast as the equatorial
parts of our Earth.

8§ 21. Periodic Changesin Sunspots. One of the
most enigmatical matters connected with the sunspots is
the fact that the number in which they are present appears
to undergo a periodical change. A German astronomer,
Schwabe, commenced in 1826 a regular study of the
sunspots, and after many years of painstaking labour
devoted to this subject, he was able to bring under the
domain of law the, at first sight, irregular variations in the
outbursts of sunspots, and to determine the length of the
period in which those variations occurred. From his in-
vestigations, as well as from the subsequent labours which
have been devoted to this subject, the length of the cycle
has been ascertained to be about eleven years and five
weeks. That is to say, if we measure from a time when the
sunspots are at their greatest both as to number and to
individual size, we find that in eleven years and five weeks
there is a recurrence generally speaking of the same con-
ditions. In the course of that period, the number of
sunspots undergoes remarkable changes. Six or seven
years after the time of maximum the sunspots are reduced
to a minimum. In some cases they vanish altogether,
and then a gradual increase in the number takes place
until the ensuing maximum is attained.

§ 22. Connexion between Sunspots and Terre-
strial Magnetism. A connexion is now believed to exist
between the number of sunspots on the surface of the
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Sun, and the variations of the magnetio needle on the
Earth. This remarkable phenomenon presents itsdlf in
vaious ways and | may mention one in particular. By
the magnetic declingion we mean the angle between the
directior of the North Pole and the direction in which
the magnetic needle points if hung in such away that it is
free to move around a vertical axis. At Greanwich, for
ingtance, the needle points about 16> West of North, and
the dedlination is accordingly said to be about 16°. It has
been found that the declination is not congtant. It varies
in different ways, and in particular it has a dow dally
oxillation to and fro. Further, the extent to which the
needle oscillates in the course of a day on either side of
its mean podtion is found to vary. But the remarkable
circumgance is that the extent of the diurna variation
reaches a maximum at the time when the sunspots are
gredtest.

§23. The Spectroscope. Many of the most remark-
able advances in modern astronomy are connected with the
study of the Sun. The information which the teescope
has given us with regard to our luminary has been sup-
plemented in a mogt astonishing manner by the revelations
of the spectroscope. We must therefore give here some
description of this instrument and its application to the
sudy of celedtid bodies It will be unnecessary for usto
enter into specid details with regard to the construction of
the instrument, or the mode of using it in chemica work,
since the spectroscopic method of andyds is discussad in
every modern work on Chemidiry.

§24. Composition of Sunlight. A beam of light from
the Sun, though it looks so ample, is in redity of amogst
complex nature. A sunbeam conggts not of homogeneous
white light, but of an innumerable multitude of rays of
light of different hues, the combination of which gives us
the colour we cdl white. Theserays are mingled so dosdy
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that the complex nature of the sunbeam would never be
sugpected until specid means were employed to separate it
into its different dements.

§25. The Prism. The agent that we use for the decom-
postion of the beam of light is a prism of glass. It istrue
that for the higher purposes of moden astronomy the
grating, which condgs of a plate of glass ruled with an
enormous number of fine lines placed very dose together—
omeimes as may as 20,000 to the inch—and which
effeds the andyds of the light in a different way, is
perhaps the more dfident ingtrument, yet for our present
purposes of description it will be suffident to refer to the
prism. This course will gppear dl the more judifiable
when it is borne in mind that the fundamentd discoveries,
by which spectrum andyss when gpplied to the heavens
enables us to unravel some of the degper secrets of nature,
have been mainly dueto the prism, the grating having come
into operation only &fter the cardind discoveries had
dready been made. We may think of a prism as a piece
of pure glass, cut into awedge-shaped fom with perfectly
flat 9des. A ray of light from the Sun or indeed from any
luminous source whatever, when it fals on one of the Sdes
of the prism and passes through, undergoes a remarkable
trandformation on emerging a the opposte Sde.  In the
firg place that ray of light is bent, or refracted, from its
origind track. The ray is bent dways towards the thick
part of the prism. If however the action of the priam
condged in merdy bending dl rays dike it could never
have crested the method of ressarch which we know as
spectrum andyss.

§ 26. Refraction and Dispersion. If a beam of
sunlight is admitted through a smdl circular aperture and
dlowed to fdl upon a screen it will gppear as acircular spot
of light upon the screen.  If a prism is interposed in the
path (Fig. 9) not only is the spot of light deflected but it is
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dravn out from the circular fom into an eongated patch,
coloured red a one end and violet a the other, with the
intermediate shades of ydlow, green and blue between.
This separation of the cdlours is known as dispersion.

Fig. 9. Refraction and Dispersion.

It may easily bo shenn that if we were deding with
homogeneous light we should still find a smple circular
spot of light upon the screen.  In other words if we hed
red light we should find a circular red spat, if green light a
circular green spat, and so on.  Hence the condusion is
obvious that the coloured patch which is seen when sun-
light is passed through a priam is due to the overlapping
of these varioudy coloured circular spots.

§27. Necessity for Narrow Slit. In order to prevent
this overlapping as much as possible and thus to keep the
separate rays apart, let us subgtitute for the circular hole
a veay narow dit with its length placed pardld to the
refracting edge of the prism, and we shal then have all
the essentid parts of a spectroscope. It is true that for
delicate researches we have to pass the beam through a
lens, cdled a collimetor, before it reaches the prism and to
recaive it in a amdl viewing tdescope ingtead of dlowing
it to fdl on a screen when it emerges on the other side, but
what we see is, as before a band of colour condgting of
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varioudy coloured images of the dlit placed vary dose
together, merging into eech other and thus forming the
beautiful coloured ribbon of light which we cdl the solar
Spectrum.

§ 28. The Ether. We know that light consss of
waves or undulations in the ether, that subtle materia
which fills al gpace and permeates al bodies, as eadly,
to use the famous illustration, as the "wind blows through
agrove of trees."

We know too that the colour of a ray depends smply
upon the wave-length of the light composng it.  Thus the
prism in sorting out, as we have seen, dl the different
colours that go to compose a beam of white light arranges
them according to their severd wave-lengths.

It will thus be obvious that the prism provides us with
a means of examining the structure of any rays of light
which are emitted from the Sun. Severd precautions of
vast importance to the practica agtronomer have to be
attended to, but they are of a nature so technicd that
there is no nead to set them down in these pages But
when these precautions have been obsarved, we are pro-
vided with the means of examining separately the different
rays of light which have been combined together into a
sngle sunbeam.

§ 29. Use of Photography. In the study of this
ubject, as in the study of so many other parts of modern
adronomy, the help of photography has been invoked
with great success By the ad of photography we are
endbled to obtain in an adsolutely relisble manner the
postions of many of the rays into which the beam has
been decomposed by the action of the prism.  But great
as may be the use of photography in procuring a record of
absolutely unchdlenged accuracy, the sarvice it renders to
the agronomer involves much more than would be implied
by this statement, as will now be explained.
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§ 30. Invisible Bays. We have said that a beam of
sunlight consists of a very large number of rays of distinct
character blended together. Those rays include among
them rays possessing all the hues of the rainbow. But
besides those there are other rays. We have all heard of
people who are affected by what is known as "colour
blindness." Those who are colour blind have a defect
connected with the nerves by which certain particular rays
carry the impression from the retina to the brain. Some
people are colour blind in some way, and some in ancther.
The introduction of photography has however revealed the
astonishing fact that humanity generally is colour blind.
That isto say, that there are many rays, and rays of much
intensity in the solar spectrum, which are of such a
character that no human eye can see them. Thus some
people are blind to the blue rays, others to the red rays,
while everyone of us is blind to a whole series of rays lying
beyond the violet in the spectrum whose existence the
photographic plate announces. It is indeed a noteworthy
fact that some of the rays to us invisible are not only
vishle to the photographic eye, but are much brighter
photographically than the rays which are capable of affect-
ing our sense of vison. This circumstance has given
extraordinary emphasis to the value of photography for
astronomical purposes. Not aone will the photograph
receive through the spectroscope and record for our in-
struction many, if not all of the rays which we can see, but
it will take rays which we cannot see, and which we have
no other means of perceiving, and it will often represent
these rays with a distinctness not at all inferior, and
indeed in some cases very much superior, to the distinct-
ness with which it sets forth the rays that appeal directly
to our sense of vision.

Let us suppose that we desire to obtain a photograph
of the spectrum of the Sun. The light is admitted to the

B. A. 3
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photographic spectroscope as into the visual instrument to
which we have already referred through a very narrow dlit,
which is placed paralld to the refracting edge of the priam.
The light enters therefore in the form of avery thin ribbon.
This thin dice of light, if it merdy fel upon the plate,
without the interpostion of the prism, would smply give a
line of light. The action of the prism, however, separates
the varioudy coloured lines of light whose juxtaposition
makes up the spectrum band.

831. Fraunhofer Lines. Thefirst remarkablefact to
be noticed isthat the glorious band of colour from the ex-
treme red to the extremeviolet is crossad by numerous dark
lines. These were discovered long before their nature was
understood. They were noticed by Wollaston about the
year 1802, but they are generally known by the term
"Fraunhofer" lines, as it was the illustrious physicig of
that name who firg studied them with care He recognised
that these lines were constantly present in sunlight, he saw
that like the gtars in the heavens they had their distinct
positions which they permanently preserved, and he saw
that they also differed greatly in their intensity : that they
were in fact characterigtic features in the solar spectrum.
Percaving these facts he attached symbols to represent
these different lines. The grong line in the extreme red
he called A, then came B and C, Z), a very famous line,
was in the yelow, and then followed E, F and G, and
lastly H in the violet. Other lines have been since added
beyond H, but these are in that part of the spectrum
which is only visgble to the photographic plate.

The lines so dedgnated are only, however, the more
conspicuous ones of a very large host. | have aready
likened the lines of the solar spectrum to the stars in the
sky, and we may perhaps carry the analogy a step further.
With every increase in our optical power the sars in
the heavens appear in ever increasng numbers. In like
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manner the number of the lines in the solar spectrum
increases enormoudy with every improvement in the
ddlicacy and power of the apparatus with which the re-
fraction is produced, and with every advancein the delicacy
of the photographic plate on which the pictures are re-
ceived. At first the lines were recognised in dozens or
in scores, now they are known to the number of many
thousands. It has frequently happened that lines which
appeared single in the first instance have by closer examina-
tion been shown to be composed of two or more distinct lines
SO near as to appear coincident. And this process of the
discovery of new lines is still going on. By passing the
light through a number of prisms in successon the dis-
persive effect of a single prism is proportionately multiplied
and the length of the spectrum and the distance of the
lines from each other can thus be increased. Since, how-
ever, the light is drawn out thinner and thinner with every
increase of dispersion there is a limit to the dispersion
which can be usefully employed. The extremely sensitive
plates now made by enabling a higher dispersion to be used
have greatly increased the number of the lines in the
ultra-violet, or invisible, regions, and many of the most
important applications of spectroscopic astronomy depend
for their success upon the interpretation of the lines set
down on the photographic plate in those parts of the
spectrum which are entirely beyond the reach of the human
eye.

§ 32. Meaning of the Dark Lines in the Solar
Spectrum. The explanation of the meaning of these dark
lines in the solar spectrum constitutes one of the most
important and far reaching discoveries which have been
made in the nineteenth century. The phenomenon which
has to be accounted for is (if we concentrate our attention
solely on a single line), that in the composite beam of light
reaching us from the Sun, the light of just that specia

32
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wave-length, which would go to form that part of the
gectrum where the line occurs, is wanting.  The light of
wave-length a little greater is there, the light of wave
length a little less is also there. But that particular
wave-length is not represented. How delicate the phe
nomenon is will be realised if we condder that even though
the goectrum were a foot long yet the line in question is o
fine that it would hardly be possible with the finest pen to
rule a line across that spectrum which would not be too
coarseto dojusticeto it. The point then to explain is the
absence in this marked and most emphatic manner of a
particular ray of light.

We know that the brilliant parts of the Sun, those
parts which send to us the light and the heat so necessary
for our wdfare really transmit rays of every description,
and consequently the light which they emit if that light
could be received by us before it undergoes any subsequent
treatment would present what we call a continuous spec-
trum unmarked by any of these dark lines. The dark
lines take their origin in something which happens to the
ray of light after it has left the brilliant part of the Sun
and before it reaches our ingruments. The fact is that
the Sun is surrounded with an atmosphere, an atmosphere
to us invisible, but extending to a great height above that
brilliant region in which the light and heat have their
origin. Therays from the Sun, or rather from the brilliant
parts of it, have to traverse this atmosphere.  This atmo-
sphere is, as | have said, invisble. It is so trangparent
that it permits the passage of the light without much
appreciable alteration in its intensity. But it does not
alow the light to pass through without producing some
effect upon it. And the effect is of a very remarkable
character. It vigorously opposes the motion through it of
light of certain particular wave-lengths while allowing a
comparatively unobstructed passage to the light of every
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other description. This is indeed a very remarkable
property of a transparent atmosphere, but on its recogni-
tion depends many of the mogt interesting of modern
discoveries. Theraysthus obstructed are not all connected
together they are in different parts of the spectrum. The
consequence is that the spectrum of the Sun is marked
with numbers of dark lines, numbers indeed amounting to
many thousands, and the more conspicuous of these are
what are known as the Fraunhofer lines.

And now for the interpretation of these dark lines.
Each line, or rather each group of lines, is due to the
presence of some particular element in the solar atmo-
sphere. | may take, as a case for illustration, that most
common but important eement, iron. The abundance of
iron on our Earth seems to be parallded by its abundance
on some of the celestial bodies, the Sun itself included.
Owing however to the great heat of the Sun, the iron in
that mighty furnace has not only been fused to a liquid
form, but it has actually been boiled from the liquid into
the gaseous form, so that the iron in the Sun so far at
least as this eement concerns us at present, is to be
regarded as a gas, diffused throughout the solar atmo-
sphere. Thisiron vapour, could we view it under ordinary
circumstances, would be regarded as transparent. 1t Wauld
let the light pass through without appreciable diminution.
But when a closer examination is instituted, and when we
study the action of the iron vapour on the individual rays
of different wave-lengths with the aid of the pectroscope,
we then find that the vapour exercises what we may almost
describe as quite an arbitrary power of absorption. The
majority of rays are allowed to pass unmolested; they pass
as fredy as ordinary sunlight passes through a pane of
glass. But there are certain particular wave-lengths which
are in some way or other specially related to the move-
ments of the molecules of iron vapour, and to waves
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which possess these particular wavelengths no passage is
permitted. To hues of these particular kinds the iron
amosphere is goecidly opaque; they are not dlowed to
pass, and there are thousands of such rays. The conse
quence is that in the solar gpectrum among the innumerable
lines, there are a number, to be counted in thousands,
which are due to the presence of iron in the solar atmo-
sphere.

§ 33. Coincidence of the Bright Lines of Emis-
sion, with the Dark Lines of Absorption Spectra.
A very remarkable circumstance has now to be mentioned.
Suppose that we introduce two pieces of pure iron as the
poes of an eectric light. In the intense heat of the
eectric arc the iron is not only fused, but it is driven into
vapour, and that vapour is brilliantly incandescent.  If the
light emitted from this eectric arc is viewed through a
spectroscope, a pectrum is seen which is fundamentaly
different from the spectrum of a beam of sunlight. In the
latter, as we have said, there are the continuous colours of
theranbow ruled over by innumerable fine dark lines. But
the spectrum of the iron vapour from the poles of the in-
candescent iron exhibits a spectrum of atotally different
character. In this case we see a number of distinct bright
lines; while the continuous, gorgeoudy coloured band of
rainbow hues is quite wanting. By a suitable contrivance
the gpectrum of the Sun can be conducted into the same
insrument as that in which the spectrum from the in-
candescent iron poles isviewed. In the one case we have
the brilliant band with the thin dark lines, in the other
ca2 we have no brilliant band, but a large humber of thin
bright lines. The extraordinary fact is, that when these
two spectra are placed in juxtapostion, the postion of
each bright line in one spectrum is found to tally exactly
with the pogtion of certain dark lines in the other. This
coinddence is of a mogt driking nature. It would be
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remarkable enough if it occurred in the case of one or two
lines only, but when we find each one of the multitude of
lines in the artificid iron spectrum agreging to the last
degree of precigon with the corresponding line in the solar
spectrum, it becomes atogether inconceivable that such
coincidences could be the result of accident. The explana
tion of this mogt astonishing phenomenon seams to have
been firg suggested by Sir George Stokes, but the generd
and far reaching lav of which it is an ingtance wes
discovered and enunciated by Kirchhoff about the year
1860. It is now known that when iron vapour is heated to
such a degree of brilliance that it pours forth luminous
vibrations, the character of the light that emanates from it
is precisgly the same as that of the light which iron vapour
is cgpable of aresting. We may indeed illustrate this
remarkable property in this way. Iron vgpour generdly
spesking is dmog transparent. It levies scarcdy any toll
on the light which passes through it, except on rays of
certain particular wavelengths.  When, on the other hand,
this iron vapour is incandescent, as it is in the lower
amosphere of the Sun, the light that it pours forth is
composed exdudvely of rays of those particular kinds
which are absorbed in the former case

[llustrations connected with music may be given of this
principle.  The strings in a piano when musical notes are
sounded in their vicinity will severdly respond to those
vibrations which are tuned to harmonise with them.  And
the particular note that each wire will absorb is precisdy
that same note which it emits when struck.

§34. Relation between absorption and emission.
| have sdected the case of iron merdy as an illustration.
What has been said with regard to this meta may, with
certain modifications, be stated of any other dement.
Each dement present in the Sun's vgpour absorbs light of
precisdy those refrangibilities which that eement would



40 Astronomy

emit when heated. Here then we have the key to the
interpretation of these wonderful dark lines in the solar
spectrum.  The agronomer who endeavours to account for
these lines produces atificidly, by the help of the eectric
arc, the gspectra of the different metals and other ee
ments. The lines in these spectra are compared with the
lines in the solar spectrum.  When a case of coincidence
is auffidently made out, a coincidence based not merely on
an agreement between a few of the lines, but on the
substantial agreement of the whole system, then we have
a demondration of the exigence of the corresponding
dement as one of the solar condtituents. The cogency
of this reasoning is very impressve to anyone who
has had an opportunity of witnessing the extreme ddli-
cacy with which the lines atificidly produced will
coincide with the corresponding dark lines in the solar
spectrum.

§35.The" D" Line of Sodium. The best known in-
stance of this coincidence relates to the famousline"D," as
Fraunhofer designated it, in the solar spectrum.  Thisline
is in the orange part of the band of light, and is composad
of a par of lines very dose together. The juxtaposition
of these vary dose lines is in itsdf a remarkable feature.
Indeed an instrument of some power is required to shew
that the two lines are separate.  When the comparison
is made between the solar spectrum and these two lines
which are due to the eement sodium, and can be produced
by dmply placing alittle salt in the flame of a spirit-lamp
held in front of the dit, or by some equivaent method, the
sriking coincidence between the two bright lines of the
dement and the two dark lines in the solar spectrum is at
once obsarved. It is easy to demondrate that the chances
are millions to one in favour of such a coincidence being
due to a physcd cause, and not being merdly accidental.
The lines seen in the spectrum of sunlight thus aford the
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witnessed by the unaided eye, nor even with the help of
a tdescope, except when an edipse takes place. It was
however discovered smultaneoudy and independently by
Professor Janssen and Sir Normian Lockyer that with the help
of the gpectrascope the prominences could be obsarved at any
time even without an edipse. This interesting advance in
agronomicd art is due to the circumstance that these pro-
minences being mainly composed of incandescent gas, emit
alight which, unlike the generd light of the Sun, does not
contain al degrees of refrangibility, but merdy condgs of
two or three refrangibilities.  The consequence is that by
the help of the spectroscope the sunlight surrounding these
objects can be diffussd dong the whde length of the
spectrum, and thus be condgderably weskened so that the
light of the prominence concentrated in two or three
lines is no longer ovewhdmed as it is under ordinary
circumgtances by the brilliance of ordinary sunlight, and
consequently makes itsdlf vishble.

§39. Corona. The other fesature in the solar surround-
ings which is witnessed during an edipseisthe Corona This
delicate pearl-like light has never yet been seen by any
artifice except on the occason of an edlipse. It isfound that
the Corona presents some bright lines due to the presence
of incandescent gases, one of which is attributed to some
dement, " coronium,”" of which indeed but little is known.
It is ds0 evident from the photograph of its gpectrum that
the Corona contains a good ded of materia in suspension
of the nature of dust or fog, for otherwise we could not
account for the fact that it has afaint continuous spectrum,
as of reflected sunlight.

§40. Depth of the Photosphere. The light of the
great orb of day emanates dmogt exclusvely from a single
layer of surpasing brightness called the photosphere. The
great bulk of the Qun which lies within that brilliant
mantle is comparatively obscure and seems to play but an
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unimportant part, so far as the immediate digpensing of
light and hest is concerned. In order to give an idea of
the thickness of this photosphere in comparison with the
Sun's diameter we might liken his brilliant exterior to
the rind,of an orange, while the gloomy interior regions
would correpond to the edible portion of the fruit.
Gengdly speaking, the rind of the orange is rather too
coarse for the purpose of this illustration; it might be
nearer the truth to dfirm that the luminous part of the
Sun may be compared in thickness with the delicate filmy
skin of the peach. There can be no doubt that if this
glorious mantle were unhappily sripped from the Sun the
great luminary would forthwith disgppear and cesse to
possess the power of shedding aoroad light and heat. The
spots which o frequently seem to fleck the dazzing surface
are probably mere rents in the brilliant mantle through
which we are permitted to obtain glimpses of the non-
luminous interior. It should, however, be sad that afull
and satisfactory explanation of dl the phenomena attend-
ing these curious and interesting objects has not yet been
attained.

§41. Materials composing the Photosphere. As
the ability of the Sun to warm and light this Earth arises
from the peculiar properties of the thin glowing shell which
surrounds it, a question of the greatest interest arises as
to what particular materiad it is which is found in this
layer of the solar subgtance. The result is extremdy
interesting and ingructive. It has been shewn by Dr.
Johnstone Stoney that in al probability the materia which
confers on the Sun its beneficent power is one which is
found in great abundance on the Earth, where it fulfils
purposes of the very highest importance.

§42. Importance of Carbon. There isno known
metal and perhaps no substance whatever which has so high
a temperature of fuson as has the dement cabon. A
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filament of carbon and a filament of that element only
will remain unfused and unbroken when heated by the
electric current into the dazzling brightness necessary for
the effective illumination of an incandescent lamp. Modern
research has now suggested that just as the electrician has
to employ carbon as the immediate agent in producing the
brightest artificial lights down here, so the Sun in heaven
uses precisaly the same element as the immediate agent in
the production of its transcendent light and heat. Owing
to the extraordinary fervour which prevails in the interior
parts of the Sun all substances there present must in al
probability be not only melted, but even transformed into
vapour. In the presence of the intense heat of the inner
parts of the great luminary even carbon itself does not
continue solid or liquid. It would seem that it must there
assume the vaporous form just as copper and iron and
other substances which yield more readily to the fierce heat
of their surroundings.

The buoyancy of carbon vapour is one of its character-
istics. Its vapours consequently ascend in the solar
atmosphere to a higher level than do the vapours of the
other elements. We can understand what happens to the
carbon vapours in these elevated regions by the analogous
case of the clouds in our own atmosphere. It is true no
doubt that our terrestrial clouds are composed of material
totally different from that which constitutes the solar
cloud. It is of course beads of liquid water associated in
countless myriads which form the clouds we know so well.
As the buoyant carbon vapours soar through the Sun's
atmosphere, they attain an elevation where the fearful
intensity of solar heat has so far abated, that although
nearly all other elements still remain in the gaseous form
there, yet the exceptionally refractory carbon begins to
return to the liquid or the solid state. Under the influence
of what may be comparatively caled a chill, the carbon
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vapour collects into a myriad host of little beads of liquid,
or it may be, solid. Each of these infinitesima beads of
carbon has a temperature and a radiance vastly exceeding
that with which the filament glows in the incandescent
clectric lamp. It is these beads, associated in clustering
myriads, that constitute the glorious solar photospheric
clouds. The entire surface of our luminary, except for the
occasiona interruption of spots, is coated over with these
incandescent clouds, of which every particle is intensely
luminous. We need thus no longer wonder at that
dazzling brightness which even across the awful gulf of
nearly ninety-three millions of miles produces for us the
indescribable glory of daylight.

8§ 43. The Quantity of Heat emitted by the Sun.
The heat which the Sun radiates is shot forth into space in
every direction with a prodigality which seems wel-nigh
inexhaustible. The share of Sun heat that this Earth is
able to capture and employ forms only an infinitesmal
fraction of what the Sun actually pours forth. The heat
and light daily lavished by that orb of incomparable
splendour would auffice to warm and illuminate, quite as
efficiently as the Earth is warmed and lighted, more
than two thousand million globes, each as large as the
Earth.

The late Professor Langley, who has so much extended
our knowledge of the great orb of heaven, has suggested
the following illustration of the quantity of fud which
would be required to maintain the Sun's supply of heat, if
indeed it were by excessive additions of fuel that the Sun's
heat had to be sustained. Suppose that al the coal-fidds
which underlie England and Scotland, America, Australia,
China, and wherever else coal has been found to exist, were
compelled to yield forth every combustible particle they
contained; suppose that this enormous quantity of fud,
adequate to supply the wants of this Earth for centuries,
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were to be ignited, vast indeed would be the quantity of
heat that it would produce. And yet it is perfectly true
that a conflagration which destroyed every particle of coal
contained in this Earth would not generate so much heat
as the Sun lavishes abroad in the tenth part of every
single second.



CHAPTER 1.
THE APPARENT MOTION OF THE SUN.

§44. Apparent Annual Motion of the Sun. The
Sun shares of course in that diurnal motion of the heavens
by which indeed every celegtid body appears to pafom a
complete rotation in a period of one Sdered day. But in
addition to this diurna movement, common to al the
cdestid bodies, the Sun has, or rather it should be sad,
gopears to have, a certain other movement. While the
stars remain congtantly fixed in the same podtion relatively
to eech other, the place of the Sun on the celestid sphere
relatively to the stars is in a state of incessant change.
No doubt it is not possble under ordinary circumstances,
a least without the help of the tdescope, to see stars in
broad daylight in the vicinity of the Sun. But by ob-
sarving the fact that different'congtelations are vishle
a different times of the year, and that in the course of
a year these changes run through a complete cyde, it may
be seen that the Sun in that period performs a complete
revolution of the celestid sphere with reference to the
dars.

845. The Ecliptic. If we could imagine the stars to be
visble around the Sun we could mark out the track which
the Sun pursues amongst them. By means of the meridian



48 Astronomy

circle we can without difficulty determine the postion of
the Sun with regard to the sars, and in this way the
actual path of the Sun, or rather of the Sun's centre, on
the sphereis found to be agreat circle to which the name
Ecliptic has been given snce it is only when the Moon
isin or very near this circle that it is possble for edipsss
to take place.

846. TheZodiac. A bdt of the heavens extending for
8° on each sde of the ecliptic is called the Zodiac. Within
this belt all the movements of the Moon and of those
planets which were known to the ancients are contained.
This bdt is divided into twelve equal portions, each 30°
long, which are called the Signs of the Zodiac. The
names and symbols by which the sgns are denoted are
as follows—

¥ Aries st Leo 1 Sagittarius
¥ Taurus\@PrgoCap ¥cornus
I Gemini 2 Libra & Aquarius .
& Canoer m Scorpio ¥ Pises

The firs of these, Aries, extends from the eguinox for
30° along the edliptic, the second, Taurus, from 30° to 60°,
along the ssame circle, and so on.

In the dawn of asronomy when the zodiac was first
mapped out the congdlations which bear these names
coincided with the several sgns, hence no confuson arose
from applying the names indifferently to the sgns and
to the conddlations. A dow change in the postion of
the equinox, known as precession, is, however, congtantly
carrying the equinox backwards through the Zodiac so
that now after more than 2000 years it has shifted its
position by nearly a whole sgn. The conssquence is that
the dgn Aries lies amos whally in the constdlation
Pisces, the 9gn Taurus in the congdlation Aries and
similarly for the others.
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§ 47. The Obliquity of the Ecliptic. We have al-
ready explained the meaning of the celestial circle which we
call the equator, and the ecliptic intersects the equator in
the two opposite points which are known as the equinoxes.
The obliquity of the ecliptic, as it is caled, is the angle
between this great circle and the equator. This angle
varies somewhat in magnitude but its movements are
confined within narrow limits and its value during the
20th century may be taken to be 23° 27.

8 48. The Vernal Equinox or 'First Point of Aries.'
At the date of the vernal equinox, that is on the 21st
day of March, the centre of the Sun is at one of the points
in which the ecliptic cuts the equator. The name 'Vernal
Equinox' which is strictly applicable to the moment when
the Sun's centre is at this point is often extended to the
point itself. This point is dso caled ' The First Point of
Aries' since the sign Aries is measured from it adong the
ecliptic.  From this moment the Sun ascends above the
equator,  gradually
getting higher and
higher until at the
period known as
the summer solstice,
which is at present
on the 21st day of
June, the Sun attains
its maximum height.
From this onwards
the Sun declines a
gaintowardsthe equa
tor; it reaches the
autumnal equinox on
the 23rd day of Sep-
tember, after which B, Eole
the centre of the Sun  Fig. 10. Apparent Annual Path of the Sun.

B.A. 4
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pasxes bdow the equator, gradually increasing its distance
from that circle, until the winter solstice is reached on the
22nd day of December, when the Sun is as much bdow the
equator as it was above it at the summe soldtice, its
distance being in each case equd to the obliquity of the
ecliptic. From the winter soldtice the centre of the Sun
again advances towards the equator, which it gains at the
ensuing vernd equinox on the 21 day of March when the
phenomena regppear in the same cyde.

The vernd equinox has dready been ddined as one
of the points in which the edliptic and the equator in-
tersect each other. It has been found convenient for the
purposes of practical astronomy to take this point as the
point of reference from which the mogt important celestid
messurements are made.  There is no star actually situated
0 as to mak the vernd equinox, indeed the vernd
equinox itself undergoes dight changes in its Stuation.
It can however be accuratdly determined.

Suppose the equinox was marked by a visble point,
then when that point is on the meridian of the place the
gdered dodk, if correct, should shew O hours O minutes
0 sconds The right ascendgion of a star is expressed then
by the Sdered time at which the star passes the meridian.
If, for ingance, the dSdered time, a which a star passes
the meridian is three hours and twenty minutes, then what
we mean is that the angle between the great cirdle from
the verna eguinox to the Pole, and the cirdle from the star
to the Pole is three hours and twenty minutes. We may,
if we please, express this angle as the intercept on the
equator made between these two great circles.  The length
of this arc if expressd in time woud be dso three
hours and twenty minutes, or if we choose to turn it
into angular magnitude at the rate of fifteen degrees for
an hour, the right ascenson of the star would be fifty

degrees.
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§ 49. Variation in the length of the Day. The
movements of the Sun will explain the familiar phenomena
connected with its varying positions in the sky in summer
and in winter. At midsummer, for instance, when the Sun
is above the equator by its greatest amount, then of course
at noon the altitude of the Sun above the horizon is equal
to the altitude of the equatorial point on the meridian
augmented by the obliquity of the ecliptic. Thisis equal,
in fact, to the co-latitude of the place (that is the difference
between the latitude and 90°) plus the obliquity. In
this case the Sun being at its greatest altitude remains
for a longer time above the horizon than at any other
period during the year and we have the long days of
summer.  Six months later at the winter solstice, the
Sun is as much below the eguator as it was in the former
case above. When the Sun comes to the meridian its
altitude is obtained by subtracting the obliquity of the
ecliptic from the co-latitude. Its meridian altitude is then
a minimum, and therefore the time it remains above the
horizon is less than at
any other time of year.
In thisway we havethe
short days of winter.

850. Arctic Day
and Night. Itis easy
aso to account for the
fact that at midsummer
in the Arctic regions
the Sun does not set at
al. For asthealtitude
of the Pole is equa
to the latitude of the
place, it follows that if
at any time the dis-
tance of the Sun  from  Fig. 11. Aratio Day and Night.

4.—2
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the Pole be not greater than the latitude then the Sun will
not set, just as we saw to be the case for the circumpolar
gars. In a amilar manner, we can explain how the Sun
does not rise for a longer or shorter period about the time
of midwinter in the Arctic regions. The actual number of
days during which the Sun is invisble depends upon the
latitude of the place.

As the dtitude of the Poleis equd to the latitude (),
the polar digance of the south point of the horizon is
180°-g. If we denote the Sun's dedlination by D, then
its north polar distance is 90°-2). Hence, if 90°-2) is
greater than 180° - gthe Sun will be bdow the horizon even
a noon-day. At midwinter the Sun is, as we have seen,
23 27 bdow the equator or D = -23°27'. Thaefore, if
we put X +2327=180-g,
wehave @ =90-2327=66"33
as the latitude for which at midwinter the Sun a noon is
just on the horizon, the effect of refraction being omitted
(854). The circle on the Earth's surface corresponding
to the latitude 66° 33' is cdled the Arctic Circle.

It is essy to shew in a dmilar way that on the same
circle of terrestrial latitude the midsummer sun is just on
the northern horizon a midnight. For the atitude of the
Pole above the horizon being equa to the latitude of the
place, and the Sun being by hypothes's on the horizon, we
have, in this case, the latitude (@) equd to the Sun's polar
disance (90° -D). Or

2=90°-D.
But at midsummer D=+ 23° 27', hence,
7=90°-23°27"'=66°33,
that is, the same latitude as we found in the former case.

§51. To find the length of the Arctic Night. At

any placewithinthe Arctic Cirdethelatitudeisgreeter than
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66' 33, and for any given place it is easy to find the date
on which the Sun ceases to rise and when it reappears.
For we have only to put

90°-D=180°-g;
whence we find

D =g-90°,

which gives us D, the declination of the Sun, and we can
find from the Nautical Almanac the dates on which the
Sun's declination has this particular value.

Thus if g =86° 14', one of the highest latitudes ever
yet reached, this ample equation gives us D=-3° 46'.
From the Nautical Almanac we find that the Sun's de-
clination is 3° 46' south on October 3 and March 11, 0
that if an explorer had passed the winter in this latitude
he would never have seen the Sun for all that period of
nearly six months from October 3 to March 11.

In a smilar manner, by putting 90° - D = g, we should
find the date on which the Sun ceases to set even at
midnight for any latitude g within the Arctic Circde and
could deduce the length of the continuous arctic day.

§ 52. Apparent Diameter of the Sun. These cir-
cumgtances with regard to the movement of the Sun having
been established we may next condder the variations in
the distance of the Sun. At the first glance it appears
that the Sun is sensibly of the same dimensions from one
season to another.  And as the apparent dimensons of an
object depend upon its disance we are entitled to infer
from the congtancy of the Sun's apparent diameter that its
distance remains sensibly uniform. But this presumption
has to be modified when careful measurements are made.
With the help of certain instruments we can measure the
diameter of the Sun with much accuracy. We are not of
course referring at this moment to the measurement of
the diameter of the Sun in miles, but rather to the
measurement of its angular diameter, that is to say we
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meen the angle which the diameter of the Sun subtends at
the eye of the obsarver. By careful measurements of this
kind it is shewn that the apparent diameter of the Sun is
not constant, but that it runs through a certain cyde of
changes. In winter time the agpparent diameter of the
Sun is greater than it is in summer.

8§ 53. Apparent Track of the Sun. It is, however,
obviousthat the greater the distance of the Sun the less will
be its apparent angular diameter. In fact we may say with
a condderable degree of accuracy that the distance of the
Sun and its apparent angular diameter are inversdy
proportiond to one another. Conseguently from our
measurements of the Sun's diameter we are able to obtain
expressions for the relative vaues of the Sun's distance.
Thus, knowing by obsarvation the diameter of the Sun on
a number of days throw we can set down
lines proportiond to
itsdistancesfromthe
Earth at the cor-
responding epochs.
With the meridian
circle we can deter-
mine the direction
of the Sun just as
we can that of a
sar. If, therefore,
we take any point
(F) to represent the
Earth, and from it
draw a line in the  Fig* Apparent Track of the Sun.
direction in which
the Sun gppeared on any day, and on it cut df a part
inversaly proportiona to the measured angular diameter of
the Sun on that day, and if we proceed in the same way
for the other dayswe shall get a number of points (A, B, C,
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etc.) representing the postions occupied by the Sun.  In
this way we are abdle to foom a representation of the ap-
parent track of the Sun. That track is obvioudy not a
crcle of which the Earth is the centre.  Its fam can how-
ever be entirely accounted for by the suppostion that the
centre of the Sun in every podtion lies on a wel-known
curve cdled an dlipse, the centre of the Earth being at a
focus of the dlipse. An dlipse may be defined as the
locus of a point such that the saum of its distances fram two
fixed points is congtant. The two fixed points are then
the fod of the curve. An dlipse may be vay eadly
drawn in the fdlowing way. In a sheet of paper fix two
drawing pins to represent the fod. Ove these throw a
loop of thread. If then a pencil be drawn round so that
while writing on the paper its point kegpsthe loop of thread
tightly stretched it will describe the important curve which
is eadly seen to be an dlipse according to the definition
just given.

854. Effect of Refraction. 1n spesking of therising
and the setting of the Sun it is aways necessary to remember
that the observed phenomena are largdy modified by the
efedt of refraction. We have dready explained how, owing
to refraction, the apparent place of every object is pushed
upwads towards the zenith. This efett is particularly
marked at the horizon. And in fact the amount of re-
fraction a the horizon is so grest as to lift the Sun
through an angle greater than its gpparent diameter. It
may be mentioned that the apparent diameter of the Sun
in winter is 32' 32" and in midsummer 31' 32". So practi-
cdly we may take the average vaue of the Sun's diameter
a about thirty-two minutes. We find however that the
horizontal refraction exceeds thirty-three minutes, and
hence it fdlows that even after the Sun has completdy
s, from ageometrica point of view, the efedt of refraction
is such as to make the whde body of the Sun gppear ill
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above the horizon.  Since @ the eastern horizon this efet
of refraction tends to accelerate the Sun's risng while at
the wedtern harizon it tends to retard his setting, we see
that from sunrise to sunset there is a double reason why
the Sun gppears to be longer above the horizon than it
would have been if the atmosphere had not possessed this
refractive powe.

§55. Solar Day. We have dready explained what
is meant by the sdered day; it is the time required by
the Earth to peform one rotation on its axis. As a
matter of fact this is measured by the interva between
two successve trangits of afixed star.  If however we take
two successve transits of the Sun, the interva between
them is not the same as theinterval between two successve
transits of a tar.  For the Sun is moving relaively to the
gars. If the Sun and a star cane on the meridian at
the same time to-day then when that star returned to
the meridian to-morrow the Sun would have moved four
minutes further back, so that four minutes more would
have to dgpse before the centre of the Sun crossed the
meridian. If we take this obsarvaion day after day, we
find that there is some variation in the interva by which
the Sun moves back, this variation being due to the fact
that the Sun's apparent movement does not teke place
uniformly. Sidered time would not be adapted for the
purposes of ordinary life for we must regulate our hours
by the Sun. It might therefore ssam natural to take as
our day the interval between two successive passages of
the Sun across the meridian.  This interval is however not
a congant one, but if we take a very great number of such
intervals between two successve transits of the Sun and
if we take the average of them al, we obtain what we
cdl the meen solar day. This is the unit that is em
ployed, for al ordinary purposes, in the messurement of
time. Expressd in Sdered time the mean lar day is
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24 hours 3 minutes 56'56 seconds.  This mean solar day
is divided into 24 hours, each hour into 60 minutes,
and each minute into 60 seconds. Owing to the irregu-
larity of the Sun's movements we do not employ the Sun
itself whan thinking of our measurement of time; we
rather introduce the conception of a fictitious Sun which
moves uniformly in the equator. The true Sun moves
in the ecliptic as we have seen, and with a varying speed,
this fictitious Sun however moves in such a way that on
the average its movement coincides with that of the true
Sun. When this fictitious Sun, or rather its centre, crosses
the meridian then a clock which is regulated to mean time
should shew 0 hours, 0 minutes, 0 seconds.

, 856. Twilight. The atmosphere has ancther effect
on the digtribution of sunlight which is called twilight.
After the Sun has set darkness does not immediately follow.
There is still a certain amount of light known as twilight
which gradually passes away as the night comeson. This
arises from rays of the Sun which after the Sun has set
traverse the higher regions of the atmosphere and there
meet with the particles which the air commonly holds in
suspension.  Those motes that are seen floating in a
sunbeam are more or less present even at great heights
in the atmosphere, and it is easy to see that the particles
which intercept the light will become themselves illuminated
and thus shed down that radiance which we call twilight.
Twilight however ceases when the Sun has reached a cer-
tain distance bdow the horizon. That distance is found to
be about 18 degress. So long as the Sun is within 18
degrees of the horizon some of its light will reach us in
this manner. We can thus explain the circumstance that
at midsummer in our latitude there is twilight all througk
the night. Take, for example, a latitude of 53 degrees.
Then the Pole is 53 degrees above the horizon. On
Midsummer Day the distance of the Sun from the Pole
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is found by subtracting the obliquity of the ecliptic from
90 degrees.  That digtance is 66 degrees 33 minutes (8 50).
Hence it fdlons that a midsummer the North polar
distance of the Sun must be 66 degrees 33 minutes. At
midnight the Sun is of course bdow the horizor and will
be found at a point drawn from the Pole down towards the
North and continued bdow until a distance of 66 degrees
33 minutes from the Pole has been reached.  As however
the latitude is 53 degrees, this being subtracted from the
Sun's polar distance dhews us that the Sun must be 13
degrees 33 minutes bdow the horizon, but not more. We
have however seen that there is twilight whenever the Sun
iswithin 18 degrees of the horizon, and hence we see that
at the latitude we have chosen there is twilight al through
the night at midsummer.

§ 57. The Sun's Motion only Apparent. Just
as it was found that the diurna motion of the heavens was
only an apparent motion and had indeed to be explaned
by the suppodtion that it wes the Earth itsdf which
rotated on its axis one way and not the cdegid sphere
which rotated the opposite way, 0 likewise we have to be
prepared for a widdy diflferent explanation of the apparent
movements of the Sun than that which our senses appear
to sugges. It can be shewn that every circumstance
connected with the apparent revolution of the Sun can
be completdy accounted for by supposng that the Sun
is a rest, but that the Earth is revolving around it.
What we actudly ssam to obsarve is an gpparent displace-
ment of the Sun with repect to the stars.  But a moment's
condderation will hew that such displacements do not
necessxily require the Sun to be in motion, they could
be accounted for by supposng that the Earth was itsdf
in movement. Is it not plain that, if the Earth were
revolving around the Sun, an obsarver standing on the
Earth and looking towards the Sun would s the Sun
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projected againg a part of the celestial sphere which would
be continually changing? This is indeed no more than
what is actually observed, and we may thus account for the
apparent movement of the Sun. The fact is the observed
phenomena of the Sun's movements could easlly be ex-
plained on either supposition, and when we reflect that the
diameter of the Sun is more than one hundred times the
diameter of the Earth and that the Sun is consequently
more than a million 'Junes bigger than the Earth, it seems
much more reasonable to suppose that it is the Earth
which moves round the Sun rather than the Sun which
moves round the Earth. The accuracy of this presumption
is demonstrated in numberless other ways.



*CHAPTER 1V,

THE MOON.

NEXT to the Sun, the mogt important and conspicuous
of the cdedtial bodies, to us earth-dwellers, is the Moon.
This podition of digtinction is not, however, due to any
intrindc superiority in point of size or brilliance on the
part of the Moon itself It is a consequence of the fact
that the Moon as compared with all other celestial bodies
is quite near to us—is, in fact, an attendant or satellite of
the Earth revolving around the Earth at a distance of less
than a quarter of a million of miles and accompanying our
globe in its ceasdess revolutions round the Sun.

§58. The Motion of the Moon. The motion of the
Moon in the heavens can easily be detected by comparing
its position from hour to hour with regard to the gare near
which it happens to pass. After a brief interval it will be
quite plain that although the Moon partakes of the general
motion of the heavens, rising, that is to say, in the eas,
gradually getting higher and higher in the sky till it
reaches the meridian, and then dowly sinking to its setting
in the west, yet it is also in motion with regard to the
dars.

A careful watch will show that in 24 hours the Moon
passes over about 13° of its path, and that in a period of
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275 days it performs a complete revolution of the heavens
Thistime is cdled the Sidered Period of the Moon, and its
accurate vaue is 27 days 7 hrs. 43 mins. 115 secs

§59. The Orbit of the Moon. If the angular dia-
meter of the Moon is meesured carefully in various positions
then it is possble to determine the path in which it moves
around the Earth in a way similar to that in which the
apparent orbit of the Sun is found, as explained in § 53.
It is thus ascertained that the Moon describes a nearly
circular orbit around the Earth, its true fom being an
dlipse of smdl eccentricity of which the centre of the
"Earth occupies the focus  The plane in which this move-
ment takes place is nearly the same as that in which the
Earth moves around the Sun, the two being indined a an
angle of only 5°.

8 60. The Phases. We ae now in a postion to
explain the phases of the Moon with which al are familiar.
The Moon being a dark body would be totdly invisble if it
were not for the sunlight reflected from its surface The
Sun will, of course illuminate only haf of the Moon's
rface a the same time and the extent of the lunar phase
depends upon the amount of that illuminated hemisphere
which we are ableto see.

861. Another Moon Period. Although the Sideredl
Period of the Moon is no more than 27'/;days yet, as iswell
known, the interval from New Maoon to New Moon or from
Pull to Pull is 29%2 days. To explain this discrepancy it is
only necessary to remak that the phases depend on the
position of the Moon redively to the Sun and that in the
interval between one Full Moon and the next the Sun has
moved fowad in the sky. Thus, if a the time of Full
Moon we note the position of the Moon with regard to the
stars around it, then after an interval of 27%5 days the Moon
will be found once more in the same position, but in the
interval the Sun has moved on, and it requires more than
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two days for the Moon to make up this motion so as once
more to get directly oppodte to the Sun in the only
position in which Full Moon can ocaur.

§ 62. Relation between the Sidereal and the
Synodic Periods. The interval from New to New, or
from Full to Full, is cdled the Synodic Period of the Moon,
and is related to the Sidered Period and the length of the
year as fdlows

If 8 be the number of days in the Moon's Sdered

period then 1/s represents the fraction of a complete sidered

period which the Moon describes in one day.
In the same way, snce there are 36/} days in the year
it fdlowns that in one day the Sun peforms the fraction

Yxe of @ complete revolution (here we refer of course to
365Y4

the apparent revolution of the Sun). Hence the fraction
of a complete revolution which the Moon in one day gains

on the Sun YsYasa
If we take M s0 that

M S 354
then the Moon gains the fraction - 1/m of a complete revolu-
tion on the Sun each day and consequently in M days it
will gain a complete revolution. That is to say, M isthe
number of days in the Synodic Period. In this way, if
8 is taken as27'/;days we find that M is equal to 29v%
S.
dav§63. Distance, Size, and Weight of the Moon. The
mean distance of the Moon from the Earth is found to be
238,800 miles. Its mean angular diameter is 31' 26" which
a the distance of 238,800 miles corregponds to 2,160 miles.
It is thus seen that the Moon's diameter is only a little
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more than a quarter of that of the Earth. It would take
50 bodies each as large as the Moon to make up the volume
of the Earth.  Fifty such bodies rolled into one would not,

Fig. 13. Comparaive Sizes of the Earth and the Moon.

however, weigh as much. The materials of which the Moon
is composed being on the average lighter than those of the
Earth, more than 80 Moons would be required to outweigh
our globe.

8§ 64. Eclipses. Since the Earth is an opague body
it follows that all the rays of the Sun which fal upon it
are stopped, and consequently on the other side of the
globe from the Sun not only is the surface itself in
darkness but there is a vast region of space from which the
Earth, like a great screen, cuts df the sunlight.

If we imagine a cone described so as to envelop both
the Sun and the Earth, then the portion of space occupied
by the Earth's shadow, into which no direct ray of the Sun
can penetrate, is the part of that cone which extends
beyond the Earth on the further side from the Sun.

§ 65. Eclipses of the Moon. A section of such a
cone is exhibited diagrammatically in Fig. 14, in which no
attempt has been made to preserve the proper proportions
between the sizes of the bodies or their distances. From
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every point within the gpace of which Ptt' is a section the
Sun iswhadly invisble.

Fig. 14. Eclipses of the Moon.

But there is another cone which is of importance in the
theory of edipses  Thisis a cone with its vertex & Q and
extending to envdop the Sun in one direction and the
Earth in the other. This cone is represented in Fig. 14 by
the lines T'Qr and TQr' and it will be seen that from every
point within the lightly shaded portion of this cone the
Earth cuts of more or less of the light of the Sun.  This
cone of partid obscuration is cdled the penumbra We
must, therefore, think of the Earth in its motion round the
Sun as being dways accompanied by this double cone of
shadow extending out behind it into space

The length of the shadow varies a little from time to
time according to the actua distance between the Earth
and the Sun but it can easly be cdculated in the follow-
ing way. Fom the smilarity of the triangles PTS and
PtE we have the proportion

PE:PS=Et: ST,
and therefore
PE:PS-PE=Et: ST-El
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But PSPE is SE, i.e. the distance of the Sun, and
therefore we find
SE.Et 1

Et
Now ‘Iq—_TT is the ratio which the diameter of the Sun

bears to the diameter of the Earth and is equal to about
108; therefore PE, the length of the shadow, is about
1/107th of the distance between the Earth and Sun, or on the
average about 860,000 miles.

8§ 66. Lunar Eclipses. If the motion of the Moon
around the Earth took place in the plane of the eclipticitis
clear that the Moon, which revolves at a distance of about
240,000 miles, would plunge into this shadow at each
revolution. If this were the case, therefore, we should
have a lunar eclipse every month at the time of Full
Moon.

The Moon's orbit is, however, inclined at an angle of
5° to the plane of the ecliptic. The Moon therefore some-
times passes above the shadow and sometimes bdow. |If
however at the time of Pull Moon our satellite should
happen to be very near the ecliptic, passing from one side
of that plane to the other, then the Moon enters the
shadow and is eclipsed. If the lunar globe is whally
immersed in the shadow then it is said to be totaly
eclipsed. If only a portion of the globe is obscured then
it is said to be partially eclipsed.

§ 67. Colour of the Moon in on Eolipse. It
should be here pointed out that if the Earth were simply a
solid globe then no light whatever could penetrate into the
Earth's shadow, and the Moon in a total eclipse would
aways be quite invisible. The Earth is, however, as we
know, surrounded by a vast atmosphere and this has the
difect of bending the rays which strike obliquely upon it

B. A 5
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and refracting some of them into the cone of shadow,
which is accordingly not absolutdly dark. In their passage
through the atmosphere these rays become tinged to some
extent with a reddish colour, and the consequence is that
the Moon in a total eclipse is not whally logt to sight but
can generdly be seen shining with a dull copper-coloured
light.

§68. Solar Eclipses. In gened theinclination of
the Moon's orbit carries the * Newv Moon' aove or bdow
the Sun as seen from the Earth. But if & the time of
New Moon our satellite happens to be passing from the
North to the South of the edliptic, or from the South to
the North, it may so happen that the Moon will appear
directly in front of the Sun and an edipse of the latter
body will take place.

The Moon, of course, casts behind it a shadow in just
the same way as we have dready seen the Earth to do.
We can cdculate the length of this shadow, just as we did

Fig. 15. Total Eclipse of Son.

that of the Earth, from the known relaion between the
szes of the Sun and Moon. Thus it is found that the
average length of the shadow of the Moon when it is placed
directly between the Sun and the Earth is 232,000 miles.
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The average distance of the Moon from the centre of the
Earth is 238,800 miles and the semi-diameter of the Earth
is 3959 miles, so that the average distance from the Earth's
surface to the Moon is 234,800 miles. Thus we see that
the point of the shadow would fal short of the Earth's
surface under average circumstances by about 2900 miles
But since both the length of the shadow and the distance of
the Moon vary considerably it frequently happens that the
shadow is long enough to extend to the Earth's surface, and
in that case it is clear that from all points within the patch
of darkness where the shadow falls the Sun would be in-
visible or totally eclipsed, while places situated within the
section of the Moon'spenumbra enjoy the phenomenon of
a partial eclipse.

8 69. Annular Eclipse. If at the time when an
eclipse occurs the shadow does not reach as far as the
surface then it is clear that an observer situated as a a in
Fig. 16, will see the Moon projected against the Sun's disc
while a narrow ring of light will be visible al round it.
This is known as an 'Annular Eclipse of the Sun/

Fig. 16. Annular Edclipse of Sun.

§70. Total Eclipse of Sun. Of the various kinds of
eclipses which may occur by far the most important is that
known as a total eclipse of the Sun; for when this takes

52
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place, and the direct light from the bright photosphere is
cut df, then, as has been mentioned in the last chapter, we
are able to see thefaint appendages of the Sun outside its
photosphere which are known as the prominences and the
Corona, and which at other times and under ordinary
circumgtances are quite invisible.

§ 71. The Constant Face of the Moon. The most
obvious fact with regard to the appearance of our satellite
arises from the circumgtance that it rotates on its axis in
the same time that it takes to make a complete revolution
around the Earth. This is, in fact, merely another way
of stating that the Moon constantly turns the same face
towards the Earth.

§ 72. The Librations. If the Moon moved with
perfect uniformity in its orbit and if the axis around which
it rotates were perpendicular to the plane in which its orbit
lies then we should never catch a glimpse of more than
exactly one-half of the lunar surface. But in consequence
of the dliptic foom of its orbit the Moon moves with
different speeds at different parts of itstrack. The motion
on its axis is, however, uniform and hence we can some-
times see a little round the eastern limb and sometimes a
little round the western. Also when the Moon is in that
part of its orbit where the northern end of its axis inclines
towards the Earth then we are enabled to see for a short
distance beyond the North Pole, and when the southern
end leans in our direction we see a little beyond the
Southern Pole. These phenomena are called the Libra-
tions of the Moon. The glimpse of the other side is
however very partial; only 9 per cent of the total surface
is thus occasonally revealed, and even then, it is presented
so obliquely to our view that but little is added to our
knowledge of the lunar features

§ 73. Libratlon of the Moon. The first of these
Librationsisillustrated in an exaggerated form in Fig, 17.
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If A BCD bethe orbit of the Moon around the Earth at E,
then A represents the
Moon's Perigee and 0O
the Apogee. Also, on a
date half-way between
thetwo postions A and
C the Moon's postion
will be as represnted
at B. Now if m repre-
s$ent a mountain  sup-
posad to be just at the
centre of the visble
hemisphereat A; when Fig " Libration theMoonin
the Moon reaches B,

onequarter of the whoe period having dapsed, the
mountain will have made exactly one-quarter of arotation
around the axis and will be situated as at m, and will no
longer occupy the centre as ssen from E. When the Moon
gets to C, having made half a revolution, the mountain will
bein the postion 2wz and will once more be centrally placed.
But when three-quarters of the Moon's period has dapsed
the Moon will have reached D while the mountain having
made three-quarters of a rotation will be at m; and will
again appear disturbed from its central podtion. This is
the Libration in Longitude.

Of what may exi¢ on the further dde of the Moon
we have absolutdy no direct knowledge. But there isno
reason to think that the features it would display are
esentially different from those on the dde of the Moon
which is turned towards us. Ever snce the invention of
the tdescope the hemisphere of our satelite which is
presnted for study has been examined so dosdy that it
may be assrted that thereisno marking on its surface as
large as Hyde Park which has not been drawn and mapped
and in mog casss even .had anamegiven toit




70 Astronomy

§ 74. Lunar Craters. When viewed through a
telescope the surface of our satellite is found to be marked
in dl directions by craters or rings, planes, mountain
chains, and large dark patches. The accompanying figure
represents a photograph of the Moon when full and shews
many characterigtic objects.

Among the principa volcanic remains which congtitute
perhaps the mogt interesting features on the Moon's surface
we mugt notice the great craters Tycho and Copernicus,
wliich are specidly characterised by the systems of streaks
which radiate from them. Tycho, indeed, illugtrates the
mogs pefect type of lunar mountain, athough in some
phases of illumination when the sunshine fals upon it
obliqudy, it is difficult to distinguish this particular crater
among other less important craters with which the surface
in its neéighbourhood is pitted.  As the Sun rises on Tycho,
however, the preeminence of this great crater becomes
unquestioned, and then the meagnificent series of bright
stresks gppear which radiate from it in al directions and
foom that very dgtriking sysem that can o esdly be
obsaved in a tdescopic view of the Full Moon. The
enormous cavity in the centre of this mountain is fifty-four
miles across, while its depth is more than three miles bdow
the summit of the ring. In the centre a rugged pesk
ascends to a height of about one mile. The ring is com-
posed of four tiers of terraces on the inner side of its dope,
one above the other, of an extremdy steep and rugged
nature.

Clos to the eastern limb of the Moon is seen the well-
maked plane, Grimddi. It is remarkable for its dark
colour, apparently due to some peculiarity of the soil in the
interior. Nearer to the South Pole, which is the upper
pole in the picture, as an asronomica telescope dways
inverts, lies another great plane surrounded by a moun-
tain rampart very much foreshortened, which is known
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by the name of Schickard. The mighty wal which endosss
it is more than two miles high in some parts and more
than four hundred and sixty miles in drcumference. A
ring so vagt as this is large even in compaison with the
Moon's diameter, and consequently, a spectator standing in
the centre might wal imagine himsdf on a boundless plain,
since owing to the rapid rounding of the Moon's surface,
the ring which encompassed him would be whally out of
sight beyond his horizon.

Ancther interesting object is the ring known as Plato.
Its great rampart is sixty milesin diameter.  On the floor
are found severd amdl crater-rings, and the surface of the
floor is varioudy coloured in irregular patches. At the
south-eastern end alarge mass of the ring has fdlen down,
forming a gigantic landdip. The surface of the Moon has
been studied s0 carefully that a volume would be required
to describe the objects which are known and of which we
have mentioned a few.

We naturaly ask how these gppearances on the Moon
are to be accounted for. Formations of the same generd
type are found scattered in the greatest profuson all over
its suface.  In these features, we find a nearly circular
ring or rampart, the interior of which is generaly depressed
bdow the average levd of the Moon with or without, as
the case may be, a centrd pesk. We are not without
ome terrestrial andogies.  There are certain regions of
the Earth which if seen from above under certain illumina
tion, would present appearances very smilar to those
presented by these objects in the Moon.  In the neighbour-
hood of Veswvius, in that remarkable volcanic didtrict, in
Auvergne near the Puy, de Dome, and in certain lava
formations in the Sendwich Idands, we are reminded
fordbly of the features of the Moon. We are thus led
to attribute the numberless pits and cones which dot the
face of our satdllite to volcanic action. We have, it must
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be admitted, notwithstanding the greater scale of our
Earth, nothing which can compare with the gigantic lunar
Tycho with its diameter of fifty miles, and its ring of
seventeen thousand feet high. As, however, we find lunar
cratersformed on exactly smilar lines, varying in size from
the smallest spots we can clearly see, up to enormous
objects like those just mentioned, we are naturally led to
explain the larger objects as merdy the result of extreme
exertions of a smilar character to those which produce the
smaller objects.

§ 75. Surface Characteristics. The surface of the
Moon is of such a character that it would be impossible for a
traveller placed upon it to make much progress in explora-
tion without encountering tremendous difficulties owing to
the peculiar nature of the lunar country. The surface of
our satellite indeed displays deserts far more worthy of the
name than any Saharas which our globe can produce. We
need not, however, expect to find in a lunar desert the
abundant sand which often characterises deserts on the
Earth. The Moon seems to be a vast waste not so much
of sand as of rock. Ove the greater part of the lunar
globe the rocky surface is so rugged and mountainous that
but few regions on this Earth would bear comparison with
it. But a lunar traveler would be continually beset with
obgtacles of a much more troublesome nature than those
which confront the Alpine dimber when he is scrambling
over therocks in Switzerland. The lunar surface is largely
cumbered with irregular masses of rock and there would be
no such facilities for getting over them as are often found
on this Earth. The sharp angles of the lunar rocks have
never been rounded off by the. action of air and water,
those two agents which have been of such conspicuous
importance in the sculpture of our own globe.

There is also another class of difficulty which would
greatly embarrass a traveller who set out to explore the
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Moon's surface. He would frequently find his progress
intercepted by a degp and wide crack of an utterly impass-
able character. Nor need he in generd hope to accomplish
his end by getting round the extremity of such a fissure.
Such fiswures often extend for hundreds of miles. They
are sometimes intersected by other smilar chasms and
these diysses are usudly so deep that from our point of
view we have never been dle to see to the bottom of
them. Owing to the distance of the Moon a fissure has
to be not less than a mile in width to be distinctly
vigble in our tdescopes. We can in fact only obsarve
those rents which are specidly prominent in the lunar
urfece

§76. Extinct Volcanoes. Though | have spoken of
the mighty Copernicus as avolcano, yet it must be borne in
mind that this object as wdl as the hundreds of other
dmilar festures on the Moon are not to be regarded as
volcanoes in the active sense of the word.  Our satellite
has been studied mos carefully ever snce the tdescope
was invented, but no obsarver has ever yet behdd any
disturbance on its surface which could be interpreted as
a volcanic eruption in actud progress.  The Moon was no
doubt once the seet of volcanic outbresks of tremendous
intengity, but those days have long since passed.  All we
now e ae the remans of volcanoes which have been
certainly still for hundreds of years and probebly for
thousands, or for aught we can tell for uncounted millions
of yeara

§ 77. Sharpness of Lunar Features. Notwith-
standing the antiquity of the lunar features the observer who
is privileged to look at our satellite through a good tdescope
will be struck with the wonderful sharpness and definiteness
of outline which their details exhibit. This gopearance of
freshness has to be accounted for and we are able to give
the explanation. The avaanches which thunder down a
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Swiss mountain are in one way or another due to the
action of water which has been frozen. It may be that
the water which has penetrated into a crack in the rock,
expands in the act of passing into ice. Thus great frag-
ments of rock areloosened, and such fragments, accompanied
it may be by great vaumes of show, bresk avay and are
hurried down in an avadlanche. This action with which
everyone who has visited the Alps is familiar, is incessantly
going fowad in dmog al mountainous regions. The
wearing influence of water in its various forms is ever tend-
ing to crumble avay the rocks and mountains and thus to
reduce and lessen the irregularities on the Earth's surface
In the course of ages such operations of weter are con-
stantly effecting the mogst remarkable transformation of the
features on the surface of the land. There can hardly be
a doubt that if the mighty crater Copernicus had been
stuated on this Earth, insead of being, as it is, on the
Moon, the incessant operation of air and water would long
ago have modfied the agpect of the crater from that
which it still continues to wear under the serene conditions
under which it is placed on our satellite.

§78. Absence of Water. Our tdlescopes shew dis
tinctly that on the lunar world are neither seas nor ocean.
They do not indicatelakes or rivers, they do not even present
clouds or migts such as would necessaxily arise if any water
were present. We have never seen alunar mountain pesk
cowned with migt and no wigp of vapour has ever been
detected in a lunar valey. Thus we concdude that the
main agent for wearing down our mountains is aosent from
our satellite.  And hence we need fed but little surprise
that notwithstanding the unknown ages which ssem to
have dapsad snce Copernicus was actudly in activity,
it should till present to us with dl its sharpness complete
the grand outlines of a primeva volcano.

8§ 79. Lunar Atmosphere. The exraordinary
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clearness with which the telescopic observer is enabled to
scrutinise the features of the Moon is largely due to the fact
that, unlike our Earth in this respect, our satellite is sur-
rounded by no appreciable atmosphere. This Earth of ours
is closdly wrapped around with a coat of air gradualy
decreasing in density from the bottom where we live up
to about two hundred miles over our heads, where the
attenuated atmosphere is merging into open space. It has
sometimes been thought that in the lunar valleys there
may be dlight traces of some gaseous body. But in any
case such covering can be no more than the merest fraction
of the bounteous atmosphere which our Earth enjoys.

8§ 80. History of the Earth-Moon System. |
do not think there is any chapter in modern science more
remarkable than the history of the Moon which | here
propose to describe.  Modern research has, however, con-
ducted us to a glimpse of what has taken place at an
extremely early period of the Earth-Moon history—the
theory to which | now refer has been largely due to the
researches of Professor Sir G. H. Darwin of Cambridge.

8§ 81. The Tides. Our argument proceeds from a
simple and well-known matter. Everyonewho has ever been
on the sea-shore knows that daily ebb and flow of the waters
which we cal the tides. Long before the true nature of
the forces by which the Moon acts upon the sea was
understood it had become certainly known that there was
a connexion between the tides and the Moon. Indeed
the daily observations of a fisherman or of anyone whose
business was concerned with the great deep would have
taught him that the time of high water, at the particular
part of the coast where his business lay, and the time of
Full Moon had a certain definite relation to each other.
The fisherman might not—he certainly did not—understand
the precise influence of the Moon upon the tides. |If,
however, he had noticed, as he would be likely to do, that
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whenever the Moon was full the tide was high at ten
oclock in the morning, as it would be in certain ports, it
would be perfectly obvious to him that the Moon had some
relation to this ebbing and flowing of the ocean. The time
of high water being of such importance to the daily avoca
tions of the fisherman, the fact that when the Moon was
full the hour of high water was dways the same at his
particular port would hardly have escaped his notice.

§82. Work done bythe Tides. As thetides course
backwards and forwards, sweeping to and fro vast volumes
of water, it is obvious that the tides must be doing work.
In fact, in some places the tides have been forced to do
useful work.  If the rising water be impounded in a large
reservoir it can be made to turn a water-wheel as it enters,
while as the reservoir empties itself a few hours later
another current is produced which can be utilised in a
similar manner. Thus we can produce a tidal mill. It
may be quite true that it is not often possible to employ
the direct power of the tides in an economical manner.
It is, however, for our purpose merely necessary to note
that day after day, week after week, year after year, the
tides must be incessantly doing work of some kind or other.

§83. Earth's Energy of Rotation. Every practical
man knows that work can only be accomplished by the
expenditure of a precisely equivalent amount of what is
known as energy. He knows also that thereisin Nature
no such operation as the creation of energy. It is just as
impossible to create out of nothing the energy which would
lift an ounce weight a single inch as it would be to create
a loaf of bread out of nothing. If therefore the tides are
doing work, and we have seen that they undoubtedly are
so employed, it follows that there must be some source of
energy on which the tides are able to draw. Thereis only
one possible source for the energy necessary to sustain the
tides. The Earth may be regarded as a mighty fly-wheel
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which contains a prodigious store of energy. That energy
is however never added to, for there is no agency to impart
fresh rotation to the Earth. If no energy were withdrawn
from the Earth's rotation then the globe would continue
for ever to spin round its axis once every twenty-four
hours. As the tides need energy to get through their
work, they abstract what they require from the store which
they find at hand in the rotation of the Earth. It must
indeed be carefully understood that although it is the
attraction of the Moon drawing the water towards it on
the one sde, and drawing the Earth away from the water
on the other side, which produces the tides, yet it is not
the Moon which supplies the energy necessary for the tides
to do their work Indeed a little reflection will shew that
if it were not for the rotation of the Earth relatively to the
Moon there would be no rising and falling of the tide.
| mean, of course, that if the Earth and the Moon rotated
as one piece then the high tide would always be in the
same place on the Earth, there would be no ebbing and
flowing, and consequently there would be no consumption
of energy by the tidal movements. It is the rotation of
the Earth which causes the Earth, so to speak, to move
againg the tides and it is to overcome the resistance thus
arising that the perennial supply of energy is demanded.
This withdrawal of energy from the Earth is incessantly
taking place along almost every coast From day to day,
from century to century, energy is daily being withdrawn
and daily being expended but energy is never again restored
totheEarth. Theconsequence isinevitable. The quantity
of energy due to the rotation of the Earth must be
gradually declining. The result at which we have arrived
involves the practical consderation that the operation of
the tide must be gradually reducing the speed with which
the Earth rotates. The tides mug, in fact, be increasing
the length of the day.
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This is indeed a notable consequence of those tides
which ripple to and fro on our shores and which flow in
and flow out of our estuaries.  Owing to these tides to-day
is longer than yesterday, and yesterday longer than the
day before We must however admit that the change pro-
duced is not very gppreciable when only moderate periods
of time are conddered. Indeed the dteration in the
length of the day from this cause amounts to no more
than a fraction of a sscond in a period of athousand years.
Even within the lgpse of higtoric time there is no
recognisable change in the length of the day attributable
to the action of the tide. But the importance of our
argument is hardly afected by the circumstance that the
rate at which the day is lengthened is a very dow one.
The point which is redly dgnificant to notice is that this
change is incessantly taking place and that it invariably
tends to increase the length of the day. It is this latter
crcumgance which gives to the doctrine its great im-
portance as a factor in the development of the Earth-Moon
system.  Adronomers are accustomed to investigate move-
ments in the cdedtid bodies which advance for vast periods
in one direction and then for equdly long periods become
reversed.  Such movements as these are, however, not of
the kind which produce redly great efects upon the
universe.  Great efedts do not arise if that which is
done during one cyde of years is al undone during the
next. The tides are, however, ever in operaion and their
influences tend continudly in the same direction. Con+
sequently the dteration in the length of the day is
continudly in progress, and in the course of illimitable
ages its dfedts accumulae to a startling magnitude.

884. TheEarth'sRotation becomes Slower. The
Earth now revolves on its axis once in twenty-four hours.
There was a time, most likdly it was millions of years ago,
when the Earth revolved once in twenty-three hours. Earlier
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dill it must have soun upon its axis in twenty-two hours.
The vary same arguments gpplied in those times which
aoply at the present, o that as we look back further and
further into the excessively remote past we find the Earth
sinning ever more and more rapidly, until a last we
discern an epoch when the length of the day having
declined to eight hours and seven hours, had at last sunk
to something like five or sx hours. This is the time a
which it would seam that the hitory of the Moon may be
sdd to have commenced, when the Earth was accomplish
ing about four revolutions in the same time that it now
requires for a single revolution. We cannot attempt to
assign the antiquity of this criticad moment. It wasin dl
probability far earlier than the time which the researches
of geologigts have opened out to us.  If it be thought that
the vagueness of our knowledge as to the length of time
which these changes required is rather unsatisfactory then
it must be remembered that even now historians who have
human records and monuments to guide them, are still
often in utter uncertainty as to the periods during which
mighty empires flourished, or as to the dates a which
great dynasties rose or perished.

§ 85. Reaction on the Moon. Among the pro-
foundest laws of nature is that which asserts that action
and reaction are equa and opposite. We have seen that
the Moon is the cause of the tides. And we have further
seen how the tides act as a bresk to check the gpeed with
which the Earth is rotating. This is the action of the
Moon upon the Earth, and let us now condder the nature
of the reaction with which, in accordance with the laws of
Mechanics, this action must be inevitably accompanied.
The Moon, by its action on the Earth, through the medium
of the tides, tends to check the gpeed with which the
Earth is rotating on its axis, and so the Earth reacts on
the Moon and compds its satellite to adopt a continuous
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retreat. In accordance with this action the Moon is there-
fore gradually receding from the Earth. It is further from
the Earth to-day than it was yesterday, it will be further
tomorrow than it is to-day. The process is never re
versed; it never even ceases. The consequence is a
continuous growth in the dsze of the track which the
Moon has been describing around the Earth from the
earliest period of its history up to the present day. It
is quite true that this growth in the diameter of the
Moon's orbit has been but dow, yet is not also the growth
of the oak tree imperceptible from day to day, though in
the lapse of centuries the tree attains a magnificent
stature? The enlargement of the Moon's orbit, though
imperceptible from month to month or even from century
to century, has revolutionised our system in the lapse of
many millions of years.

§86. The Moon Retreats. Looking back through
these immense periods of time we see the Moon ever
drawing nearer and nearer to the Earth. Our satellite now
revolves at a distance of two hundred and forty thousand
miles, but there was a time when that distance was not
greater than two hundred thousand miles. There was a
time millions of years ago, no doubt, when the Moon was
but a hundred thousand miles away, and as we look back
ever further and further to the early stages of the Earth-
Moon sysem we see the Moon ever drawing closer and
closer to our globe until at last we discern that most
critical stage in Earth-Moon history, when our globe was
spinning round in a period of five or six hours.  Instead of
revolving in a distant orbit, which has been the case ever
since, the Moon was then close to the Earth, was, in fact,
actually touching our globe, and the two bodies, or perhaps
it would be more correct to say, the materials of which
these two bodies, as we now know them, were then formed,
were revolving in contact, each around the other.
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§ 87. Origin of the Moon. It isimpossible at this
point to resist taking one step further, though in taking it
we must to some extent dispense with the safe guidance of
mathematical analysis which has led us up to this point.
At that extremely early period the Earth was not then the
solid mass which we now know so well In those early
ages it was highly heated, it was heated to such a tem-
perature that instead of being a rigid body it was a soft
molten mass of matter, and that molten globe was spinning
round four times as last as our Earth spins at present.
The speed in that primitive globe seems to have been so
great that a rupture took place. According to this view a
part of the molten matter, comparatively small, broke away
from the parent globe and formed into a small globe ad-
joining the greater. Thus it would seem that the Moon
had its origin in a disruption of the Earth. Such is the
lesson which we are taught by the movements of the tides.



CHAPTER V.
GRAVITATION.

§88. Kepler'sLaws. Themovements of the planets
aound the Sun are conducted in conformity with the
three fundamenta principles which are known as the lavs
of Kepler. As a firg gpproximation it may be sad that
eech planet moves in a circular orbit around the Sun, that
eech planet moves round its circle with a uniform velocity,
that al these circles are in the same plane, and that each
planet revolves in the same direction dong its circle.
When, however, more careful investigation is made it is
found that the tracks of the planets are not absolutdy
circular. It is dso found that the movements of the
planets dong their different orbits are not absolutely
uniform.  The researches of Kepler succeeded in shewing
what the actual shgpe of a planet's track must necessarily
be and dso explained the lav according to which the speed
of the planet at each point of its path varies.  The results
of these famous ressarches are embodied in those pro-
positions which from the name of their author are known
as Kepler'sLaws

§89. First Law. The first of the three discoveries
which lie at the basis of modern asronomy may be thus
enunciated.
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The path of a planet round the Sun is an Ellipse, in
one focus of which the centre of the Qun is situated.

We may illustrate this by the adjoining figure. Let S
be the Sun and let ABPQ be
the dlipse. The focus of the —x
elipse is well known to geo-
meters; it is wdl known to
the draughtsman also, inas-
much as when he proceeds to
draw an dlipse by the ordinary
artifice for producing the
figure which we have already
explained in 8 53. Infig. 18
the point Srepresents one of Fig. 18. TheHlipse ad
the two Foci. It isnot neces- Keple'sLaws,
sary to introduce the second
focus, for only one of the foci of the élipse is involved in
the enunciation of Kepler's laws of planetary motion. |
ought indeed to say, that in the case of no one of the
important planets does the actual track depart nearly so far
from the circular form as does the elipse which we have
here represented. Such then is the first of Kepler's laws.
But the planet as it moves round its élipse changes its
speed at different parts. When furthest from the focus
which is occupied by the Sun the speed 6i the planet is at
its lowest, while the velocity attains its maximum when the
planet is passing round that end of the ellipse near which
the Sun is situated.

8§ 90. Second Law. The law which controls these
movements was also discovered by Kepler, and has been
enunciated in the second law, which may be thus stated.

The straight line drawon from the centre of the Sun to
the centre of the planet moves over equal areas in equal
times.

To illustrate this law with the present figure | take

6—2
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two points, A, B on the track of the planet at the part
mogt distant from the Sun, and two other points, P, Q on
that part of the track which lies nearest to the Sun. The
planet, as | have said, is moving more rapidly in the latter
case than in the former, so that if we represent by PQ the
distance through which the planet has moved in a given
time at one station, and if we take AB to represent the
distance through which the planet has moved in a given
time at the other end of the orbit, Kepler's second law
asserts that when these times are equal the area inter-
cepted between the two draight lines SP, SQ, and the
dlipse is equal to the area intercepted between the two
graight lines SA, SB and the dlipse. The'same law
governs the changes in the planet's speed at all parts of
its orbit. So that if the area SXY is equal to SAB then
the planet will take the same time to passfrom X to Y as
from A to B.

8 91. Third Law. The third law of Kepler differs
from the two preceding ones inasmuch as how we compare
together the movements of the different planets. Kepler's
third law is togive precision to the fact that had been early
noticed, namely that the further a planet was from the
Sun the longer the time it took to accomplish a single
revolution. This would of course be naturally expected
from the circumstance that the larger the orbit the longer
the journey, and therefore if each of two planets were
animated with the same veocity the time required for the
greater journey would be longer than the time required for
the less. As a matter of fact, however, the more distant
planet from the Sun does not move o rapidly as does the
nearer planet. It therefore fallows for a double reason
that the periodic time in the greater orbit would be longer
than the periodic time of the planet in the smaller orbit.
Kepler's third law has given precison to these inferences.
His law is enunciated in this way.
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The sguares of the periodic times of two planets are
in the same ratio as the cubes of their mean distances
from the Sun.

It should be explained that in the expression of this
lav we are to understand by the meen distance of the
planet from the Sun a length equd to the semi-axismgor
of the dlipse, which in accordance with the firg law is
the actual shgpe of the orbit. The periodic time may be
expressd in the number of days and fractions of a day
which the planet requires to dfect a complete revolution
around the Sun.

§ 92. |lllustration of Kepler's third Law. The
convenience of Kepler's third lav arises from the fact that
when the periodic times of the planets are known, we can
deduce the relative vaues of their mean distances. We may
illustrate the gpplication of the law by taking the case of
Venus and the Earth. The peiodic time of Venus is
2247 days, and of the Earth 3653 days. If we divide
the latter quantity into the former and take the square
of the quotient we obtain the figure 0'37835. This figure
therefore, according to Kepler's third law, must represent
the ratio which the cube of the meaen distance of Venus
bears to the cube of the mean distance of the Earth. If
we represent the latter by unity then this number is the
cube of the mean distance of Venus expressed in the same
units. But 037835 isthe cube of 07233. Hence we s
that the relative distances of the Earth and Venus are as
110 07233.

§93. Newton'sLaw of Gravitation. Kepler dis-
covered his wondeful laws by the mogt diligent comparison
of such obsarvations of the planets as were available to him.
These laws are monuments of ingenious and painstaking
labour. But Kepler had no grounds for seeing why these
laws rather than other laws should redly be the guiding
principles of the planetary movements It was resaved
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for Newton to lay down the fundamental law of Gravita
tion, by which these laws were demonstrated as consequences
of the principle that every particle in the universe attracts
every other particle with a force whose intensity varies
directly as theproduct of the masses of the two particles and
inversely as the square of their distance from one another.
894, First Law of Motion. Thefirst law of motion,
as laid down by Newton, afirms that a moving body, not
acted upon by any force, would for ever continue to move
along uniformly in a straight line. If then a body were
found to be moving in a curved line, or even while moving
in a straight line if the velocity of the body was not
uniform, then it was certain that some force must be in
operation on that body. It was obvious that the planets
move neither in straight lines nor with uniform velocities,
and therefore it was certain that the planet must be acted
upon by certain forces. When Kepler's laws had exhibited
in the most precise manner what the actual nature of the
curve which the planets pursued was, and when he had
further shewn the law according to which the velocity of
each planet varied at the different points of its track he
had laid the foundation on which Newton subsequently
developed his grand theory. Kepler having demonstrated
that the planet describes equal areas around the Sun in
equal times, Newton was able to shew that from this
circumstance aone it was actually demonstrable that the
planet must be acted upon by a force, and that the force
must be always directed from the Sun. Here was indeed
a remarkable advance. It was shewn that the charac-
teristic feature which regulated the variation in the planet's
velocity could be accounted for, and could only be ac-
counted for by the supposition that the force by which the
planet was controlled -emanated directly from the Sun.
The next question was as to the way in which the force
from the Sun varied. Here mathematical calculations
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Wee posshle  We can assume a certain law of force and
we can shew, according to each law of force, what particular
track the planet would pursue.  Knowing that the track is
an dlipse and that the Sun occupies the focus of that
dlipse, Newton then demondrated that the attraction of
the Sun on the planet must vary inversdy as the square
of the digance. If the force varied according to any other
law, then the orbit would not be an dlipse, or if an dlipse
the Sun would not in such cese lie a the focus. It thus
fdlowed from Kepler's firg and second law that each planet
waes attracted by the Sun and that the force with which the
Sun attracts the planet varies inversdy as the square of
the digance. This was the greatest of al Newton's
achievements, described in hisimmorta Principia, in expla-
nation of the phenomena of nature. The discovery of the
lav of universal attraction lies a the bass of adl mathe-
matical astronomy.

§95. Second Law of Motion. Just as the planets
revolve around the Sun in obedience to this law, so the Moon
describes an orbit around the Earth. This orhit is nearly
circular but more accurate messurement shews that it
must be regarded as an dlipse  In like manner the
satellites of the other planets describe dlipses around their
primaries.  The memorable investigation, by which Newton
shewed that the gravitation of the Moon towards the Earth
wes aforce of the same nature as the gravitation by which
the various planets are guided round the Sun, must now be
explaned. The firgd step isto shew that the force which
retains the Moon in its orbit is redly that same attraction
of the Earth which causes a body to fal when rdeasad near
its surface.  Newton's second great lav of motion is that
the motion communicated to a body by a force acting upon
it is proportiond to the intensity of the force, and fromthis
it fdlons that the digance through which a body will
move in the firs sacond under the action of a force is a
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meesure of the force It is known by experiment that a
body let fdl near the surface of the Earth will drop through
gxteen feat in the first second.  The distance of the Moon
from the Earth is about sixty radii of the Earth, and as
the law of Gravitation declares that the intensity of the
attraction varies inversdy as the square of the distance it
is esgy to calculate that a body let fal towards the Earth
a the disance of the Moon would in each second fal
towards the Earth through a distance which is found by
dividing sixteen fegt by 3600. It thus appears that at
this distance a body will fdl under gravity through about
one-twentieth of an inch in the first second.  If the action
of the Earth's gravitation upon the Moon were to ceese a
any moment, then in conformity with the firg law of
motion the Moon would move on for ever in a straight line
which would be the tangent to its orbit at the oot where
the Moon was Situated a the moment when the action
was arested. But in consequence of the attraction of
the Earth, the Moon is compdled to sweave from the
straight line and to adopt instead the nearly circular orbit
in which we know that it moves It is easy to cdculae
the amount by which the centre of the Moon is drawvn in
this way towards the Earth in the course of a second.
It is found that the Moon is actualy at the end of eech
ssoond about one-twentieth of an inch nearer to the centre
of the Earth than it woud have been if the Earth's
attraction had not hdped it. This is precisdy what the
law of Gravitation would require and consequently we are
assured that the force which makes a stone fdl when
rdessed near the Earth's surface is precisdy the same
foroe suitably reduced, however, in accordance with
Newton's Law, which controls the monthly movement
of the Moon.

§ 96. Planetary Perturbations. One of the most
interesting gpplicaions of the principle of gravitation is to
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the explanation of what are known as the perturbations
of the movements of the planets. The Sun is so great
that it enormoudy exceeds in mass all the planets taken
together. We may, therefore, on a first view, regard the
influence of the Sun as so predominant in the Solar system
that the planets move entirdy in accordance with its
guidance. It must however be remembered that the law
of gravitation affirms that every particle in the Universe
attracts every other particle. And consequently the planet
Jupiter, for instance, is not alone guided in its eliptic
path by the attraction of the Sun, but is affected to a
certain extent by the attractions of the other planets.
The Earth and Venus, Mars and Saturn, Uranus and
Neptune, each exercise distinct effects upon the move
ments of Jupiter. The consequence of this is that although
the planegt has a motion which is in the main that
which would be produced by the attraction of the Sun
only, yet when its movements are closely looked into there
are seen to be dight divergences between the smple dliptic
movement that would be conducted in accordance with
Kepler's laws and the actual movements which the tele-
scope shews to bedong to the planet. The theory of
universal gravitation has generally reconciled the theory
and the observations. Discrepancies in the calculated
places of the planet, as those places would be if the
motion were purdy éeliptic, are usually seen to agree
with the calculated amounts of the disturbances which
the other planets would produce.

The most illustrious mathematicians have expended
their powers on the study of this great subject, and many
magnificent discoveries have rewarded their labours It
has been shewn for example that although a planet does
not move exactly in an elipse, yet when long periods of
time are concerned the mation of the planet may be most
perfectly represented by movements in an dlipse, if we
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make the additional suppostion that the dlipse itself is
not constant in form or in postion, but that it is under-
going dight changes. According to this view we always
think of a planetary movement as taking place in an
elipse, but in an dlipse which is itself undergoing dow
changes Some propodtions have been arrived at by
mathematical research which exhibit the nature of these
movements in the very smplest manner. | shall suppose
for instance that we are now conddering only two planets,
whose mutual disturbance affects the simplicity that the
orbits would otherwise possess It was shewn by the
great mathematician, Lagrange, that notwithstanding
the incessant attraction of one planet on the other, and
notwithstanding the many other changes which the dlipse
would undergo, yet there was one very important feature
in the dlipse which would undergo no change It was
shewn that the length of the axis of the elipse would be
congtant. It was also proved, in the case of two large
planets that though they might each affect the eccentricity
of the other's orbit yet that the fluctuations of those
eccentricities would be always restricted within narrow
limits. It was shewn that if the orbits were once nearly
cdreular in their foom they would always remain nearly
creular in their foom. It was further demonstrated that
though the inclinations of the orbits to each other might
undergo dlight changes, yet that those changes could only
be dight. It should be added that these latter results
are only true on the suppodtion that the planets revolve
around the Sun in the same direction. If the directions
in which the two planets revolved were different, that is
to say, if one of the planets was revolving in the same
direction as the hands of a dock, while the other planet
was revolving in the opposte direction, then these guaran-
tees for the stability of the system would not be given.
As, however, wefind the planets all do revolve in the same
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direction we are assured that in the case of the principal
planets at least the magnitudes of their orbits, as measured
by the dimensions of the principa axes, shall remain
unchanged, while the eccentricities of those orbits, as well
as their mutual inclinations, will only vary between very
narrow limits. It need hardly be said that these pro-
positions are of the utmost importance to a plauet
considered as an abode of organised life. It is obvioudy
essential for the welfare of the inhabitants of the Earth
that the Earth should remainin or about the same distance
from the Sun and that the succession of its seasons should
not be subject to such extreme variations as might arise
if the eccentricity of the orbit, or its inclination, were
serioudly altered.  The assurance that no important altera-
tions can arise has been given by the labours of the great
mathematicians, especialy Lagrange and Laplace.

§ 97. Determination of the Mass of a Planet.
We are also indebted to the principle of gravitation for our
means of solving the very important problem of finding the
masses of the different bodies in the solar system. In
the first place it is desirable to compare the mass of the
Earth with the mass of the Sun. We have already ex-
plained how the attraction of the Earth is exhibited in
making a body at its surface fall 16 feet in the first
second. We know, however, that the average distance
of the Sun is nearly equal to 23300 radii of the Earth.
If therefore the attraction of the Earth acted on a body
revolving around it at this distance it would make that
body fall towards it in the course of a single second
through a distance which was equal to 16 feet divided
by the square of 23300. But just as we were able to find
the distance through which the Moon fdls in towards the
Earth by considering the size of the Moon's orbit and the
length of the month (8§ 95), so we are able to calculate
the distance through which the Earth fals in one second
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towards the Sun.  We find in this way that the distance
through which the Earth fdls towards the Sun in the
course of a dngle second is 324,000 times as gresat asthe
distance through which the Earth would cause a body
revalving a the same digance to fdl. Theefore the
attraction of the Sun must be 324,000 times as great as
that of the Earth. And hence taking the mass of the
un as unity, we have for the mass of the Earth the
fraction1/32400

§ 98. Mass of a Planet with a Satellite. Inthe
process of weghing a planet we mugt make a digtinction
between those planets which are provided with attendant
satdllites and those which are not so accompanied.  In the
former case the problem of determining the mass of the planet
offers but little difficulty. The movements of the satdllites
have been carefully examined by astronomers and thus the
digance through which the satellite fdls towards the
planet in each second is easily computed.  We dso know
from the movement of the planet itsdf the distance
through which it drops towards the Sun in the course
of a second.  And hence we have the smple method of
finding the ratio of the mass of the planet to the mass
o the Sun.

§99. Mass of aPlanet without a Satellite. Much
more difficult is the problem of ascertaining the mass of a
planet which, like Venus or like Mercury, is not attended by
known satellites.  The only method of solving the problem
in this case is to determine the perturbations in the
movements of the other planets which are produced by
the action of these bodies. The amount of perturbation
that the Earth, let us say, experiences by the action of
Venus depends on the mass of Venus, and if therefore
obsarvetions are made as to the extent to which the Earth
has been disturbed by this planet, then we have an in-
dication of what the mass of the planet must be, by whose
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attraction that particular disturbance has been caused.
This method seems very eaborate, no doubt, but yet it
admits of consderable accuracy. A sriking verification
of its utility was provided in the case of the planet Mars
Until the discovery of the satellites of this planet in 1877
our only knowledge of the mass of Mars was inferred from
the perturbations which that planet caused in the move
ments of its neighbours. When these interesting satellites
wee discovered the mass of the planet was at once
obtained by the smpler and more accurate method. It
was, however, found that the value of the mass which was
obtained from the observations of the satellites was in
practical agreement with the mass which had been deduced
from theperturbations.

8100. Superficial Gravity. The intensity of gravita-
tion at the surface of a celestial body will depend of course
on the mass of that body. But it will also depend on the
body's density, for the less the density the greater the
bulk of the body correponding to a given mass, and
consequently the greater is the distance of any particle
on its surface from its centre. It is interesting to note
the variations in the gravitation at the surfaces of the
different bodies of the solar system. Thus, for instance,
in the case of the Sun, it can be shewn that the gravitation
at the surface of that great globe, is twenty-seven times as
great as the gravitation of the surface of the Earth. We
mean by this that if we have a mass which weighs one
pound upon the Earth then to sustain itsweight at the surface
of the Sun would call for as much effort as would suffice to
sustain a weight of twenty-seven pounds on the surface of
the Earth. We may put the matter in another way.
Suppose that a weight was suspended from a spring
balance, and that the same weight and the same spring
balance were tranderred to the surface of the Sun. It
would then appear that the indication of the sring
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baance, as given on the Earth, would only amount to
one-twenty-seventh part of what the same badance would
indicate on the Sun.

The mess of Jupiter is three hundred times as great
as the mass of the Earth, but owing to the vast bulk of
Jupiter and the low spedific gravity of his materids the
intensity of gravitation at the surface of the planet is not
nearly 0 great as might be expected from his great mass;
it is indeed no more than about two and a hdf times as
great as the gravitation on the surface of the Earth.

An ingtance of the opposite kind is presented by the
Moon. The mass of the Moon being only about one-
eightieth part of the mass of the Earth, it would be
expected of course that a body should wegh less a the
surface of the Moon than the same body would wegh here.
On the other hand the diameter of the Moon is only about
afourth of the diameter of the Earth. The consequence
is, reserving only round numbers, that the weight of a
body on the Moon is only a sixth of the weight which the
same body has here. A labourer could, for ingtance, carry
six times the load on the Moon that he could carry with
the same exertion on the Earth.

§ 101. Perturbations of the Moon's Orbit. Some
vay interesting illugtrations of universd gravitation are
aforded by the movements of the Moon. Just as the planets
are disturbed in their movements around the Sun by the
attractions of the other planets, so the movements of the
Moon around the Earth are dso incessantly undergoing
perturbations. These perturbations of the Moon have
hovever been produced very differently from the pertur-
bations of the planets. We have dready explained how
the planets attract one another. No doubt the planets
ads attract the Moon, but their effect in disturbing the
movements of our satellite may be considered as insensible.
The digurbance of the Moon's orbit around the Earth



Gravitation 95

arises from the attraction of a much more important body.
It is the attraction of the Sun itsdf. The Moon is so doe
to the Earth that the attraction of the Earth is the domi-
nating influence, and the movements of the Moon are
mainly controlled by the Earth. The Sun is about four
hundred tunes as far from us as the Moon, and consequently
the attractiveforce of the Sun or rather its disturbing effect
is greatly lessened, still owing to the large mass of the
Sun its digurbance of the Moon is quite consderable,
even a that distance. Many irregularities in the Moon's
movements have to be attributed to the disturbing solar
effedt. | may mention one of them which was discovered
by Tycho Brahe

§ 102. Annual Equation. Let us just think of the
cae of Full Moon. In that phase the Moon is a the
further Sde of the Earth from the Sun, and the attraction
of the Sun on the Earth is therefore greater than its
attraction on the more distant Moon. The Earth is there-
fore more drawn to the Sun than is the Moon and thus the
distance between the Earth and the Moon is increased.
At the time of the firs quarter, however, the Earth and
the Moon are botli a practicaly the same distance from
the Sun. They are consequently both drawn by the same
force and as the disturbing force acts in lines which are
vay nearly pardld thereis but little tendency under these
circumstances to alter the distances of the two bodies.  On
the other hand, & New Moon the Moon is nearer the Sun
than the Earth is, and consequently the Moon is more
drawvn towards the Sun than is the Earth, and therefore
again, the tendency of the solar attraction is to increase
the distance between these two bodies.  Thus on the whole
the tendency of the disturbing solar effect is to increase the
gze of the Moon's orbit. For we have seen that & New
Moon and Full Moon that orbit is increesed while at the
first quarter and the last there is no tendency to change it.
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As however the Earth is revolving around the Sun in an
dliptic path the Earth is sometimes nearer the Sun than
on other occasons. When the Earth isin Perihelion, being
then nearest to the Sun, the disturbing effect on the Earth
and Moon is a maximum.  On the other hand, when the
Earth is in Aphelion, then our globe being at its greatest
distance from the Sun, this disturbing effect is a minimum.
Nowv we have seen how the disturbing dfect of the Sun
tends to increase the Sze of the Moon's orbit and thus
tends to increase the Moon's periodic time.  We have ds0
seen how the action of the Sun in producing this increase
of the Moon's periodic time is of greater effidency a the
time of perihdion than at the time of gphdion. We have
conseguently a certain annua dteration. And this pro-
duces its efet in a change of the apparent place of the
Moon from what that place would be if the Moon pursued
its course without experiencing a solar disturbance, or if
this solar disturbance acted equdly a al times of the year.

§ 103. Secular Acceleration of the Moon. Ore
of the mog famous of the irregularities in the Moon's
motion is due to wha is cdled the secular acceeration.
We have scen how the annual equation arises from the
eccentricity of the Earth's orbit. As however the planets
are continudly acting upon the Earth they produce changes
in the eccentricity. And as the eccentricity afedts the
annua variation, it fdlows that in this way the influence
of the planets is propagated into the annua equation.
It can ds0 be shewn that the greater the eccentricity of
the orbit of the Earth the larger is the orbit of the Moon,
and vice versd. Under present conditions the effect of
the planetary disturbances is to cause a gradud decline
from century to century in the eccentricity of the Earth's
orbit. We have accordingly a correspondingly gradua
decrease in the dze of the Moon's orbit. And with the
lessening of that orbit comes a decrease in the periodic
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time of the revolution of the Moon. This phenomenon
has been brought to light by the comparison of the observa-
tions of ancient eclipses with the calculated movements of
the Moon. About one-half of the observed acceleration of
the Moon's mation can be accounted for by these planetary
perturbations.

8 104. Precession of the Equinoxes. We are
also indebted to the theory of gravitation for the ex-
planation of a remarkable cdestial phenomenon which had
been noticed ages before the cause of the phenomenon was
understood. If the Earth were a perfect sphere then the
attraction of any celestial body, such as the Sun or Moon,
would act through the centre of that sphere, and the
rotation of the body would remain unaffected. But the
Earth is not a perfect sphere it is protuberant at the
Equator, and the consequence is that the attraction of the
Sun and Moon on that protuberant part is responsble for
certain irregularitiesin the posgtion of the Earth's axis of
rotation which cause what is known as the precesson of
the equinoxes.

The phenomenon of precesson may be illustrated
by the common peg top, which when set spinning will
rotate about the axis of symmetry through the top itsdf,
and under certain circumstances that axis will describe
a cone with a dow motion. The axis of the Earth has
a somewhat corresponding movement. While the Earth
rotates rapidly around its axis once in the course of each
ddereal day, the axis itself describes a dow conical move-
ment, in consequence of which the celestial pole moves
round a small circle on the sphere in a period of 25,800
years. The effect of this processonal movement of the
Pole on the right ascenson and declination of stars has
to be taken account of by the practical astronomer. We
shall describe the effect of precesson on the apparent
places of the stars in a later chapter.

B. A. 7



CHAPTER VI.

MERCURY AND VENUS.

§ 105. Planets near the Sun. The severa planets
revolve around the Sun in the centre in orbits which in
the case of the important planets are nearly circular. The
orbits are represented in the accompanying figure. The

Fig. 19. The Inner Planets.

planet nearest to the Sun is Mercury, which revolves in a
period of 88 days. Then comes Venus with a period of
225 days; next follows the Earth; and then Mars with a
period of 687 days; these constitute the so-called inner
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planets. They are succeeded by the minor planets or
asteroids, after which as will be shewn later we come to
the mighty planets of the system.

The innermost planet Mercury is a comparatively small
object, having a diameter only three-eighths that of the
Earth, This object is so close to the Sun that for by far
the greater part of each revolution it is too close to the
Sun to be visible. Even when Mercury is seen it cannot
be studied with the same minuteness as other members of
the system which are not only larger but aso much better
situated for telescopic scrutiny. Mercury is however
frequently to be seen either immediately after sunset or
directly before sunrise; the almanac will give the proper
times. But in no case is it of such interest as the other
inner planets Venus and Mars, to the consideration of which
we now proceed.

§ 106. Size of Venus. The Earth and the planet
Venus so closaly resemble each other that it is doubtful
whether we know in the whole Universe of two celestia
bodies so nearly identical. To begin with, the twin pair of
planets are very nearly of the same size. The diameter of
the earth is 7918 miles, while that of Venusis 7660 miles.
We thus see that our globeis somewhat greater than Venus,
but how dlight is the difference in the two diameters. It
amounts to no more than the thirtieth part of the whole.
If a pair of billiard balls had no greater proportional differ-
ence in their sizes than the difference between Venus and
the Earth it would be hardly possible to detect the difference
between one ball and the other without measurement

§ 107. Weight of Venus. Asto the relative weights
of the two globes, we must admit that here, to avery certain
extent, we are not on very sure ground. It is not an easy
matter to determine accurately the weight of the Earth, it
is still more difficult to find the weight of Venus. But so
far as our knowledge goes, the resemblance which the two

7—2
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planets shew in bulk extends dso to their weight. The
Earth appears to be but little heavier than Venus, in fact,
in weight no less than in sze the two globes may be
described as agtonishingly dike.

§ 108. Sun's Light and Heat on Venus. Asto
the direct supply of heat and light from the Sun the .Sster
planet Venusisrather more highly favoured than our Earth.
It can be eadly cdculated that the fervour and brightness
of the sunbeams fdling on Venus are about double as
intense as those which are recaived by this Earth from the
same source. There is however another consideration which
must here be taken into account. The period required by
Venus to complete one of its revolutions around the Sun is
only 225 days. It therefore fdlows that the seasons onthe
siger planet run through their changes much more rapidly
than do the corresponding seesons on the Earth. The
summer, for instance, would not be two-thirds the length
of our summer.  Perhaps, however, the extra warmth and
light received by the planet would serve as a compensation,
<0 that supposing that planet was the home of vegetation,
the seed-time and the harvest could succeed each other on
Venus more rapidly than is the case on our globe where the
unbeams are showered down S0 much more sparingly.

§ 109. Rotation. Consdering that our Earth turns
round once in twenty-four hours, thus producing, of course,
theaternating day and night, it isvery interesting to enquire
to what extent Venus may in this respect aso resemble our
gobe. Of course that hdf of the planet Venus which
happens to be turned towards the Sun revels in the glory of
the strong sunbeams, while the other haf of the planet,
necessarily averted from the Sun, experiences the gloom of
night. We desire to know whether Venus rotates on its
axis, and if it does under what conditions its rotations are
performed.  Only when these questions have been answered
can we fom any notion as to what may be the law of the
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succession of day and night on Venus, or whether, in fact,
there is any such successon at a particular locality on the
planet

Agtronomers have accordingly devoted much attention
to the careful scrutiny of the planet with the view of
discovering in what way it turnsround on its axis. | may
here say that the difficulties connected with this research
are s0 great that even at this moment we cannot fed
confident that they have been completely overcome. The
fact is, that Venus presents to our telescope a bright and
shining globe so unsullied by any conspicuous marks or
spots that it is very difficult for us to study the rotation of
its globe. If there were on the surface of the planet even
one digtinct and definite mark, which could be unmistake-
ably recognised in our great telescopes when the side of the
planet on which it lay was properly placed, then by the
study of the successive appearances of this spot, as it was
brought into view by the planet's rotation, we should be
able to learn how many hours the planet required to perform
a revolution. But unfortunately Venus bears on its fair
surface no conspicuous marks of the kind required. There
are only certain very faint features which can occasionally
be discerned with more or less accuracy. Our information
as to the rotation of the planet is therefore derived only
from somewhat unsatisfactory sources. The distinguished
Italian agtronomer Schiaparelli has paid particular atten-
tion to this delicate subject. The result of his enquiries is
very interesting, and indeed so unexpected, that it may be
said to be almost sartling. He has shewn it to be highly
probable that Venus conducts its movements in such a
manner as always to present the same face to the Sun.
Just as the movements of the Moon are so arranged that
our satellite always shews the same face to the Earth, so it
would now seem that Venus behaves in exactly the same
manner as regards the great central luminary.
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One consegquence which would follow from this motion
should be specially noted here in connexion with the
possble exisence of life on the sister planet. If the
rotation of the planet be what is supposed then one hemi-
phere must enjoy perpetual day with the Sun for ever
overhead. On such a world the phenomena of sunrise and
sunset would be equally unknown.  Those unhappy regions
which are situated on the other side of the planet must for-
ever endure the gloom of night. It is obvious under these
circumstances that if there be life on Venus then that life
must all be crowded into that one hemisphere where the
sunshine is perennial. Regions on the other side of the
planet would be submitted to appalling conditions of ever-
lagting frost. Living formswould require to be considerably
modified from those which we know here, ere they could be
adapted to dwell in a blaze of perpetual sunbeams. If there
be inhabitants on Venus endowed with curiosity and enter-
prise akin to that which characterises the inhabitants of
our Earth, they may be occasionally tempted to despatch
exploring expeditions from their sunny climes to discover
the mysteries of their dark hemisphere, just as we send
forth expeditions in the hope of solving the mysteries of
our Arctic and Antarctic regions.

Morerecently however an ingenious spectr oscopic method
has been applied to the investigation of the rotation of
Venus. Bedopolski has shewn that the long period of ro-
tation which Schiaparéli's observations seem to indicate is
probably erroneocus. He concludes the period must be a
short one, perhaps comparable with the length of our own
day. The question is still not finally settled.

Telescopic obsrvers have always been specially struck
with the extraordinary brightness of Venus. To possess such
brightness it would seem that the globe, in o far as we
seeit, cannot be composed of materials resembling those of
which our Earth's surface isformed. The only explanation
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that we are able to give is that Venus is probably covered
by vast clouds and from the uppe wurface of these
clouds the sunbeams are reflected. It is thus suggested
that water must be present on this planet, for we do not
know any material by which such clouds could be produced
otherwise. Acute observers have sometimes thought that
they have discerned the presence of caps of ice and snow at
the poles of Venus, just as there are smilar caps of ice and
sow perennially at the poles of our Earth, while there are
also, at the proper seasons, Smilar ice caps on the poles
of Mars Evidence has been collected in many ways to
prove that there is an atmosphere around Venus. We
cannot indeed assert that this atmosphere, ether in its
composgtion or in its abundance, has any resemblance to
the atmosphere which surrounds our Earth. A gaseous
envelope of some kind does however most certainly enfold
this star.



CHAPTER VII.
MARS

§ 110. Resemblance to the Earth. If Venus be
like the Earth in bulk and mass the planet Mars in Physica
features still more nearly resembles our globe.  Indeed the
study of this neighbouring planet is, from every point of
view, of extreme interest.

We use the word ' neighbouring,’ however, with certain
modifications. Mars is certainly not the Earths nearest
neighbour. That postion, of course, beongs to the Moon.
And even among the planetary hodts it is known that
an indgnificant little asteroid named Eros comes at certain
saons much doser to our Earth than does Mars.  As
however, the globe of Eros is too minute to permit us to
meke any detailed examination of its surface, this asteroid
dffers but little attraction to the astronomer when viewed
merdy as a telescopic object.

It must dso be borne in mind that under certain
conditions Venus approaches the Earth much more dosdy
than Masis ever permitted to do. But when Venus comes
cdosest to our view, it happens that it is then not a dl
suitably placed for obsarvation.  The telescopic pictures of
it are quite lacking in the fulness of detail which we would
0 much like to see. On the other hand, when Mars comes
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into the most favourable podtion for our ingpection, though
he dtill remains at the not inconsiderable distance of thirty-
fire million miles, he admits of being scrutinised with very
condderable satisfaction to the observer. Mas is not,
however, very frequently to be found in such a postion.
Thedigtance of this planet from the Earth variesfrom one
year to another, and consequently whenever it does s0
happen that Mars gpproaches specidly near, a vigorous
effort is made to utilize the occagon to the utmost. We
have dready indicated the specid reason why this particular
planet isin many ways far more attractive than any of the
others. It is the most world-ike of the celestia bodies
that are known to us. In spesking of the Sun or of the
Moon it is dways the contrast between their structure and
that of aglobe like our onn Earth that receives attention
and illustration.  Quite otherwiseis it with respect to Mars.
The many griking points in which Mars resembles the
Earth then gpecidly attract our notice. First as to the
dmple dement of dimendons. It is true that Mars is a
good ded amdler than the Earth, inasmuch as the diameter
of the planet is less than haf that of our globe Still,
congdering that Jupiter has adiameter more than ten times
as great as that of the Earth and a vadume more than
twelve-hundred times larger, we may naturaly regard a
planet like Mars as being nearly akin to us in the solar
sysem, <o far, a least, as bulk is concerned.

§ 111. Surface Markings. It is, however, in the
actud details of the surface of the planet that the resem-
blances between this globe and our Earth are of particular
interest In this respect the observetions of recent years
are especidly worthy of attention.  There can be no doubt
that pictures of our Earth, if drawn by an obsarver stationed
on an external point, would be specidly characterised by the
partition of the whole globeinto surfaces of land and surfaces
of water, aswdl asby the circumstance that seaand land are
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dike enveoped by a vast covering of amosphere.  On the
surface of Mars we can detect extensive tracts, usudly of a
more or less ruddy hue, which are generdly bdieved to be
continents of land, or rather what we may destribe as vest
desarts. These are separated from each other by dark
regions, in some cases vary dark, and until recent years it
was dways cusomary to regard these dark regions as
indicating oceans of water. But the recent observations,
expecidly those of Mr Percivd Lowdl a Haggtaff Obsar-
veory in Arizona, have, | think, now fully established that
these dark regions on Mars cannot be regarded as oceans.
Examined under the favourable circumstances which are
found & Mr Lowdl's obsarvatory, definite marks can be
discarned through these dark aress which are whdly
incompatible with the suppostion that such tracts are
expanses of ocean. It now ssems much more probable that
the dark regions are places in which, owing to the presence
of water, fertility has been given to the soil.  The contrast
between these dark tints and the ruddy hues of the other
parts of the planet would be explained by admitting that
the latter are deserts, devoid of vegetation or water. In fact,
the whole surface of the planet seams to possess nothing
that can be described as an oceen of weter, or even asasea
Water ssams to be a very scarce dement, and in connexion
with it Mr Lowdl has made some suggedtions as to the
probability of the exigence of inhabitants of Mars which
it must be admitted are borne out to some extent by the
obsarvations which he has succeeded in making (8 116).

§ 112. Polar Gaps At the ssason when Mars makes
itsdosest gpproach to the Earth there isno more interesting
telescopic object in the solar system than the polar regions
of that planet. The north pole or the south pole, which-
ever of the two may happen to be visble, is digtinctly seen
to be covered with a definite mass of white materid. It is
impossible not to believe that thiswhite polar cap is amass
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of ice or snow. |If we were able to take such a bird's-eye
view of our own globe as we obtain of Mars under the
circumstances mentioned, we should find around the Pole
an accumulation of ice and snow which would give to the
neighbourhood just the same aspect as that which Mars
presents to us. The evidence that these Martian caps are
composed of snow becomes very much strengthened when
we notice that their limits arc not invariable. Sometimes
the white mass, whatever it may be, advances to lower
latitudes of the planet, sometimes it retreats so as to
withdraw more closdy to the Polo, and sometimes it
vanishes altogether.

It should also be noticed that Mars has seasons of
Summer and seasons of Winter. They are of coursein no
way related to our seasons which are designated by the
same names. But in virtue of the movement of the
planet around the Sun and of the inclination of its axis
to the plane of its orbit, it is obvious that there must be
a winter and a summer on Mars contrasted in much the
same way as the seasons are here. When it is summer in
the Northern hemisphere of Mars, it will be winter in the
Southern hemisphere on the same globe, and vice versa.
Careful observations have demongrated the sgnificant
circumgtance that during the Martian summer the icy
polar mass or, at all events, the white mass, is observed
to decline and shrink, while during the winter it again
enlarges- and occupies once more the neighbouring regions.
In some cases the retreating sheet leaves behind it frag-
mentary portions isolated on mountain summits, and these
become reunited with the main mass when in the course
of time the season of extension has again returned. Con-
sidering the analogy of our own Earth, and all the
circumstances of the case it is hardly reasonable to
refuse our assent to the beief that what we are looking
at must be indeed a vast cap of ice and snow covering
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the poar regions of the planet. If this is admitted its
existence forms a very important piece of testimony in
favour of the doctrine that water exists on Mars.

§ 113. Atmosphere. It no longer admits of any
question that this planet which is already so like our
Earth in the respects we have just named is also like our
Earth in the possesson of an atmosphere. Recent ob-
servations have left no room for doubt on this point. It
must, however, be acknowledged that the atmosphere
round the Earth is far more voluminous than that around
Mars. Indeed it seems very doubtful whether it would be
possble for an observer, looking at our Earth from the
same distance at which we have to look at Mars, to be
able to obtain any very dear idea as to the positions of the
great oceans or the trend of the various continents. The
obgruction offered by the atmosphere of our Earth is 0
congderable that there would be great difficulty in seeing
anything clearly on its surface It is at all events quite
certain that we are able to distinguish the several features
on Mars far more clearly than any inhabitant of Mars
would be able to digtinguish the features of our Earth.
This congderation at once leads to the conclusion that the
atmosphere which surrounds the ruddy planet mus be
much less copious than the atmosphere on our Earth, at
the bottom of which weresde. Here then is an important
‘distinction between Mars and the Earth in o far as the
guantity of its atmosphere is concerned. There remains,
however, a very important question as to the nature of the
gases which compose the Martian air. This would of
course be a vital question so far at least as the relations
of the Martian inhabitants is concerned. We do not,
however, possess at present any adequate information on
this important matter. There is some reason to think that
the gases in the atmogphere of Mars are not widdy
different from the gases which compose our own atmo-
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sphere.  But it is very unlikdy that the proportions in
which the different gases are mixed should be at all
dmilar in the two bodies

Among many interesting observations that have been
made of Mars in recent times we shdl first specidly notice
the wok Of Mondeur Perrotin.  He has minutely studied
the amosphere of the planet with the grand tdescope at
Nice in the south of France, and he has added a good
many interesting facts to our knowledge

§ 114. The Canals. Mondeur Perotin has dso
secured some vauable observations which may be regarded
as having finally set at rest certain points in the physicd
geography of Mars which have long been in dispute. It is
now many years snce the distinguished Italian astronomer
Professor Schigpardlli announced that the continents of
Mars were in many places traversed from coast to coast by
long straight streaks.  From the andogy suggested by their
gppearance he desgnated these objects as cands. It may
illustrate the difficulty and the ddicacy of such obsarva
tions when we add that certain other astronomers of
acknowledged skill, and provided with excdlent instru-
ments, have not succeeded in detecting these remarkable
features. Perrotin, however, adds the weight of his high
authority to confirm the obsarvation of Schigpardli. He
says that dthough at the time he made his observation
the conditions were not quite so favourable as might be
dedred for the examinaion of some of the cands, yet
certain of them were whally unmistakable, and in aluding
to the controversy, he adds, that some of these were 0
essy to recognise that even the mog preudiced observer
must have been convinced.

§ 115. Changes in the Great Syrtis. At the
same obsavaory soecid pans had been given to the
study of the remakable tract on Mars which Perrotin
desgnates as the Great Syrtis.  This used to be regarded
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as a s or ocean, but according to our present knowledge
it should rather be regarded as a tract in which the
presence of water is sufficient to render vegetation possible.
Perrotin has compared together the drawings of the Greet
Syrtis made at. different times, and it has been digtinctly
found that changes in the outline of this remarkable
feature can be discerned.  The view which Perrotin takes
is that mists and douds though prevailing on Mars in
a lessr degree than they do here, are ill a times
aufficently copious to obscure our view, and to hide some
of the cands traverang the northern regions near the
Great Syrtis.

§116. Lowell's Theory. These cands, which were
discovered by Schigpardli and whose existence wes con-
firmed by Perrotin, have dso been studied by Mr Perciva
Lowdl. The view which he puts fowad is connected
with the remarkable circumstance now certainly established
that there are no wide sees or oceans on Mars. Water
there is on the planet, but that water is not of sufficient
abundance to form great sheets such as occupy 0 large a
part of our Earth. The consequence is that if there be
inhabitants on Mars the provison of the supplies of water
necessay for their wdfare is a matter involving skilled
organisation. Each winter of that planet sees, as | have
explaned, the accumulation of a cap of ice and sow
around the corresponding Pole.  In the course of the
ensuing summer that icy mass, or a any rate a very great
portion of it, isrestored to the fom of water. Mr Lowdl
has detected around the Poles of Mars what he believes to
be the masses of water that have been thus accumulated.

§ 117. Rotation. The definiteness of the markings
on Mas makes it a comparaively essy matter to deter-
mine the time in which it paforms a rotation on its axis
or the length of its day. In this particular, too, we find
that this planet dosdy ressembles the Earth, as it takes
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only about 41 minutes longer to rotate than does the
Earth. The exact length of its day is 24 hrs. 37 mins.
22°, secs.

§ 118. Satellites. Up to the year 1877, Mars was
believed to be, like Venus, unattended by any satellites;
but in that year, taking advantage of the fact that Mars
approached unusually close to the Earth, Prof. Asaph Hall
discovered two minute moons attending the planet.

The outer of these satellites revolves around the planet
in the period of 30 hrs. 17 mins. 54 secs,; it is the inner
satellite which has commanded the attention and curiosity
of every agronomer in the world. The inner satellite of
Mars moves round in 7 hrs. 39 mins. 14 secs.! It, in fact,
revolves three times round Mars in the same time that
Mars can turn round once. This circumstance is without
aparalld in the Solar System ; indeed o far as we know it
is unparalleled in the Universe. Thereis no other known
case where a satellite revolves around its primary more
quickly than the primary rotates on its axis.

Both of these bodies are extremey minute. Deimos,
the outer, in all probability does not exceed 18 miles in
diameter, while Phobos, the inner one, can scarcely exceed
23 milesin diameter.



CHAPTER VIII.
THE ASTEROIDS

§ 119. Number of Asteroids. Severd hundred
compardively smdl globes which we cal Agteroids are now
known to bdong to the solar sysem. The planets o
designated may be described as smdl when we think of
the robust dimensons of our Earth or even of the Moon.
They would however be by no means unimportant when
judged by certain other standards. The surfaces of some
of the minor planets might no doubt not be large enough
to contain an area greater than that of London, but on the
other hand some of them would not be too smdl to contain
the whde of Great Britain. The podtion of the zone of
the Ageroidsis indicated in Fig. 21, which shews the solar
sydem exterior to the orbit of Mars.

§ 120. How an Asteroid is distinguished from a
star. Owing to their amdl dze and their distance from
the Earth the Minor planets are dmogt dways invisible
to the unaided eye. They are only to be obsarved with
the help of the tdlescope.  But though the more important
of the Aderoids may be quite bright enough to be readily
sen by anyone who is using a good tdescope, yet the
obsaver will generdly find it is by no means essy to
discriminate the planet on which he wants to fix his
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attention from among the small stars which are o0 pro-
fusdy strewn around the neighbouring parts of the heavens.
No doubt as a matter of fact there is the profoundest
difference between the actual nature of the planet and that
of adar. The latter isa sun-like object, generally millions
of times bigger and hundreds of millions of times brighter
than the planet. But far from the Earth as the planet
may be, the stars are millions of times further still. It
follows from this consideration that the intrinsic splendour
of the gar is, when viewed from our point of view, reduced
to a feeble twinkle, a twinkle so like the faint rays emitted
from the planet that, so far as mere appearance goes, it
would be impossble to decide by a glance through the
telescope as to which was the sun-like object and which
was the earth-like object. The test by which we decide
between a planet and a gar is to be sought in the circum-
stance that the planet isin maotion, while the sar remains
fixed. We may at least regard the sar as fixed in
comparison with the movements of the planet which are
apparently thousands of times as great. It is therefore by
making an assiduous search through the heavens for the
little star-like points which are in motion that the dis-
covery of the minor planets is to be effected.

§ 121. Photographic methods. The asronomer is
now able to avail himsef of a new and greatly superior
method by which the little planet can be made to betray its
exisence. |If a photographic plateisplaced in the telescope,
furnished with an accur ate dock-work motion which will keep
it pointing to the same part of the sky, and if an exposure
of an hour or so0 be given to the plate, then as each of the
stars has not moved it will record itself as a point on the
developed picture.  If, however, it should have happened
that a planet was situated at thetime in the part of the sky
which is represented on the plate, then as this object is
in motion it will not form a dot like a gar, it will rather

B. A. 8
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manifest its presence by a dreak ingtead of a point. In
this way the examination of a plate produced by long
exposure will endble the astronomer to determine whether
among the numerous star-like points scettered over the
part of the sky which he has been studying there should
happen to lie one of these wandering planets.

§122. Size. Like the greater planets, the Ageroids
are generdly named after dassicd nymphs or divinities.
| may, for ingance, mention one of the mogt interesting
which is known as Vedta, the name given to it when it
was discovered by Olbersin the year 1807. Though Vesta
is one of the most considerable of the minor planets yet
viewed in the telescope it is rather a disgppointing object.
It is generdly spesking no more than a star-like point,
indeed it requires a specidly excdlent telescope and other
favouring circumdances to shew that Vesta possesss a
perceptible circular outline. In a andl tdescope Vedta is
merdy a point exhibiting no more disc than a star. The
measurement of the diameter of such an object is therefore
a problem of no little difficulty. It has, however, been
determined by Professor E. E. Barnard who used for this
purpose the great tdescope of the Lick Observatory. He
thus ascertained that the diameter of Vedta is 243 miles.
Mog of the other minor planets are much smdler than this
little globe.  Indeed the great mgority of Agteroids are so
smdl asto eude direct measurement atogether. We can
do little more than fom conjectural estimates as to their
dimendons. It seems, however, pretty certain that severd
of these objects are 0 indgnificant as to have a diameter
of not more than ten miles

§123. Zone of Minor Planets. Discovery of
Eros. The Aderoids revolve in the region of the Solar
Sygem which is included between the track fdlowed by
Mars and the track falowed by Jupiter (see Fig. 21, p. 119).
Such is, a least, the region within which most of these



The Asteroids 115

objects are confined. But there are a few of the minor
planets which at one part of their path come within the
track of Mars and which at another part extend out to that
of Jupiter. A discovery has lately been made by Witt of
Berlin, of the Asteroid which bears the number 433, and to
which has been given the title of Eros. This object is quite
a small one and would be of no particular interest except
for one circumstance.  This circumstance however makes it
so remarkable that it is certainly not too much to say that
Eros is of greater importance in Astronomy than all the
rest of the Asteroids put together. It so happens that
the track of Eros lies within the tracks which the other
Asteroids pursue, so much so that on certain occasions Eros
approaches the Earth to a distance not exceeding thirteen
million miles. This may, no doubt, seem a large figure
regarded from some points of view, but judged by the scale
of distances in the Solar System, it is extremely small.
Setting aside the Moon which is of course merely an
appendage to the Earth, it appears that Eros comes closer
to the Earth than any other globe in the Universe. Venus
and Mars used formerly to be spoken of as the Earth's
neighbours, but now these large planets have to yield the
position of being the Earth's nearest planetary neighbour to
thislittle globe Eros, which is so insignificant in dimensions
that one hundred million of them taken together would not
be so large as Venus.

§ 124. Importance of Eros. The importance of
Eros to the astronomer can hardly be overestimated. It
folows from Kepler's laws, which we have explained in
Chap. V., that the squares of the periodic times of
the planets are proportional to the cubes of their mean
distances from the Sun. We know all the periodic
times accurately. This element indeed admits of being
determined with extreme precision, and as we know the
periodic times we can infer from this remarkable law of

8-2
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Kepler the proportionate vaues of the mean distances. We
thus know with all desirable precison the relative vaues of
the diameter of the orbit of Venus and of the orbit of the
Earth; we know aso how many times the mean distance of
the Earth is contained in the mean distance of Jupiter or
of Saturn or of Neptune. Not only are the relative vaues
of the distances of these bodies thus determined, but the
proportion of the Sze of the bodies to their digances is dso
involved. We thus know, for instance, the ratio which the
Sun's diameter bears to the meaen distance of the Earth
from the Sun. Hence it fdlows spesking now quite
generdly, that we know the relative vaues of the chief
dimendons in the Solar Sysem. But that knowledge is
not sufficdent. We further desire to know the actua vaues
of al these magnitudes. This information will be given
if we learn any one of the distances. If, for ingtance,
we have been able to find by any direct observations the
digance of the Earth from the Sun, then with the help of
our known ratios we are able to find the mean distance of
Venus fram the Sun or the mean distance of Jupiter from
the Sun. We are d< able to find the vaue of the Sun's
diangter. In like manner if obsarvations have taught
us the digance of Marsfrom the Earth, then by applying
the same principle of Kepler we shdl be enabled to
acertain the digance of Mas from the Sun and the
digtances of the other planets.  All our accurate knowledge
depends therefore on obtaining a precise determination of
the digance of one object in the Solar System. This is
dways a problem of great difficulty. The difficulty arises
from the fact that even the nearest object to us (the Moon
is again excepted) is Hill very remote. We therefore look
to the planets which come nearest to us to help in the
solution of this problem. Venus, for ingance, is a its
closest gpproach when it passes directly between us and the

un.  This phenomenon—known as a Transit of Venus—is
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of very rare occurrence, but when it does happen it affords
certain facilities for determining the distance of Venus
which have been utilized for this important piece of sur-
veyingwork. On other occasions the opportunity has been
taken when Mars is found in its position of least distance
from the Earth, and its distance has been measured. Now
however the discovery of Eros has given to astronomers an
object much more suited for this investigation than either
Mars or Venus. The planet Eros when it comes nearest is
about half the distance of Venus when nearest, and at all
times Mars is at least three times as far from us asis Eros
when the right moment comes. Further, the little point
which Eros presents to us in the telescope is one which will
admit of extremely accurate measurement. For such work
the astronomer uses what is called the micrometer, and in
the best known type of micrometer fine lines, which are
really the lines spun by the spider, are stretched across the
field of view and are mounted in frames which are moved
by screws and admit of the most accurate measurements.
The measurements of a little point like Eros from the
adjacent points which represent stars can be made with
the highest precision known in astronomical art, and from
such measurements, made simultaneously at two widely
separated observatories, the distance of the little planet
may be deduced. We thus look to Eros as affording the
means by which the scae on which the Solar System is
constructed may be best determined.

8125. How to Determine the Distance of a
Minor Planet. The
adjoining figure will
explain the nature of
the observationswhich
have to be made. By

previous agreement be- Fig. 4. Dislance of Bros.
tween two astronomers,
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Stuated in obsarvaories a long distance apart, Bay, for
indance, a Greawich and a the Ceape of Good Hope,
the apparent angular digance beween Eros and a
neighbouring star is measured.  As the dtars are at what
is practicaly an infinite distance they may be regarded as
being in the same direction when viewed from Greenwich
or from the Cgpe of Good Hope, which are represented
in the figure by the letters G and C. But Eros is com+
paratively so dose that its distance from the Earth bears
quite an gppreciable ratio to the distance between the two
obsarvatories.  The conseguence is that the place of the
planet as obsaved fram the northern obsarvatory is dis-
tinctly different from its place viewed from the southern
obsarvatory.  Thus the two base angles of the triangle
whose base is the line joining the two observatories and
whose vertex is at the planet are measured and then by
the operations of Trigonometry the distance of the planet
is caculated.

The process | have destribed has dready been gpplied
with some success to certain other Agteroids.  But when
Eros is mogt favourably placed it will be at least three or
four times as suitable as the other Ageroids have been.
We usudly express these distances in terms of the Sun's
distance, and therefore we may goeek of Eros as giving the
disance of the Sun. To the best of our present know-
ledge the distance of the Sun may be now represented as
92,900,000 miles In the present state of Adtronomy it
ought now to be possble to determine this fundamenta
eement with an accuracy which shal certainly be within
one-thousandth part of the whale



CHAPTER IX.

JUPITER.

THE four great outer planets of our sysem revalve in
orbits of which the relative dimensons are shewn in the
adjoining figure. Jupiter completes its revolution in 11 9

St by s %

Fig. 21. The Outer Planets.

years while Saturn, Uranus and Neptune reguire re-
Pectivdy 295, 84, and 1646 years In the presnt
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chapter we shall consder Jupiter while subsequent chapters
will be devoted to the other planets.

§ 126. Brightness. At certan seasons the great
planet whose name stands at the head of this chapter
atracts the attention of every observer. On such oc-
cadons the globe of Jupiter is, with the exception of the
Moon, the most efulgent object in the sky; no star can
compare with it in brilliance, though no doubt the bright-
ness of Venus after sunset or before sunrise sometimes
transcends any lustre ever possessed by Jupiter.  Fortu-
nately a mighty instrument is not indigoensable for making
0me examination of the wonders of the greatest of the
planets. A amdl tdescope which can be held in the hand
would auffice to shew many remarkable features on the
globe. Indeed, even with no greater power than that
aforded by a common opera-glass, the belts of Jupiter may
frequently be seen as wdl as four of the beautiful sysem
of eight Moons by which he is accompanied.

8§127. Equatorial Protuberance. The adjoining
pictures give a generd notion of the vast planet as viewed
under favourable circumstances with adequate instrumental
power. In the first place it will be noticed that the disc
of the planet is dealy not circular. Even a hasty
examination, not to mention a careful measurement, shews
that the equatorial portions of the surface of the planet are
bulged outwards. There is, as we have dready seen, a
smilar phenomenon in the caxe of the Earth. It is
however, there manifeted on a very much smdler scde
than in the case of Jupiter. Nor is it difficult tofind an
explandtion of this circumdance. It is quite certain that
a planet is made to bulge at the equator by the rotation
with which it is animated, and the more rapidly the surface
is carried round the more poweful is the force which tends
to distort the body of the planet from the sphericd form
and to cause an equatorid protuberance.  Jupiter tuns
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round on his axis with amazing rapidity when the size of
his mighty globe is taken into consideration. The time
that he requires for each rotation is only about ten hours.
This may naturally be contrasted with the period of almost
twenty-four hours which our Earth requires for the same
purposg, If it be furthe remembered that the diameter
of Jupiter is about ten times that of the Earth, it will
be obvious that the grain arisng from the centrifugal
force on the eguatorial regions of Jupiter must be greatly
in excess of the analogous strain on the Earth. We need
therefore no longer fed any surprise that the great planet
should exhibit in such a sriking manner its departure
from a circular outline.

§ 128. Belts. The chief features to be observed on
the disc of Jupiter are the remarkable dark bets which
encircle the planet paralld to its eguator, and they merit
special attention because they exhibit a state of things
unlike what is found esawhere in the Solar Sysem. A
little careful observation will shew that these belts are not
constant in appearance, they are sometimes much more
amply devdoped than at other times. Sometimes they
change their places or become broken up, while on rare
occasions they disappear altogether.

§ 129. Changesin the Appearance of the Belts.
A condderable proportion of the changes noticed may of
course be attributed to the rotation of the planet For as
we have already mentioned, this body completes a rotation
in about ten hours. It therefore follows that after a period
of five hours the planet will have turned through half a
revolution, and a complete transformation will have been
effected in the hemigpheres presented for our inspection.
In other words, if the astronomer looks at Jupiter at eight
o'dock in the evening, and turns his telescope to the planet
again at one o'dock in the course of the same night, there
isnot a single part of the surface which was visible to him
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on the first occason within view on the second.  Of course
this causes much change in the appearance of any feature
on Jupiter due to the varied foreshortening that it under-
goes. But when full allowance has been made for all
variations in the attitude of the planet which arise from
its rotation it still remains perfectly certain that all the
changes in the belts cannot be thus accounted for. It is
certain that these belts cannot be regarded as permanent
settled features of the globe. If this were the case, then
by waiting for ten hours, or for any entire number of the
periods of rotation, we should always find that the face of
the planet turned towards us was marked in exactly the
same way. But nothing of the kind is found to take place.
There are sometimes changes ufficiently marked to be
perceptible in the course of even a single rotation of the
globe. It is thus plain that the belts and smilar features
on Jupiter cannot be permanent objects engraved on his
mighty sphere; they must be counted as comparatively
transent and unstable.

§ 130. Clouds. A glance at the clouds in our own
atmosphere suggests at once what is indeed the true
solution of the varied appearances presented by the great
planet It is obvious that Jupiter must be enveloped in
clouds, and it is these clouds which are presented to us
when we look at the planet through our telescopes. The
characterigtic features of the planet can be accounted for
on this supposition, and here we are asssted by further
analogies suggested by our own atmosphere.  The fact that
the Jovian clouds are mainly arranged in belts paralld to
the eguator of the planet calls to mind at once the
analogous manner in which we find cloud belts on the
Earth paralld to the terredtrial equator. The trade winds
are well known to be connected with these equatorial zones
and to determine the positions of corresponding zones of
cloud upon the Earth. It seems not improbable that our
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globe would present to an observer who wes viewing it
from some digance in gpace an agpect somewha Smilar
to that which Jupiter presents to us, in so far at least as
the dispodtion of clouds on its surface is concerned.

§ 131. Impenetrability of the Clouds. It is
however, to be noticed that the clouds on the great planet
are much more copious than are the clouds on the Earth.
| do not now mean merdy that because Jupiter has an
area more than a hundred times as great as that of the
Earth, therefore the quantity of douds which encompass
him is correpondingly larger. The doud masses on
Jupiter are indeed far grester than in this numericd
proportion. Area for area, Jupiter is covered by doud
masses many times thicker and degper than the douds on
the Earth. We can prove this by the Smple consderation
that our clouds, though doubtless, as we may think, often
thick enough, are till not aways present They do now
and then disperse, and endble us to obtain a view of the
Sun.  If, howeve, there should be any inhabitants on
Jupiter they can never be so0 fortunate. So vast is the
depth of the mighty Jovian douds that they never disperse
aufficiently to dlow the gaze of one stuated on the surface
bdow them to pierce through to outer space.  Nor, on the
other hand, will the clouds on Jupiter permit us, who are
studying the globe from the outside, to explore the depths
of that Jovian atmosphere and see what its interior globe
is like. 1t may indeed be sad that we have never yet
certainly had a view of any permanent festure whatever
on the great planet, with one possble exception in the
famous red spot.

§ 132. Storms. Fom the dze of the couds on
Jupiter, and the rapidity of the changes they execute, it
is manifes that the surface of the great globe must be not
unfrequently swept by storms and, tempests.  The terrific
vehemence of these changes could never be accounted for
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if we merdly invoked the same agents for their production
which are s0 effective in our terredtrial sorms.  For just
see how the matter stands. The gales with which our
terrestrial atmosphere is occasonally distracted are ulti-
mately due to the action of the sunbeams by which those
winds are raised. But Jupiter is five times as far as the
Earth is from the Sun. The intensity of the solar heat
that we receive here has therefore to be reduced in the
proportion of 25 to 1, if we would learn what the intensity
of solar heat is like on the surface of Jupiter. If the
intensity of sunbeams were reduced to the twenty-fifth part
of what it is at present, it could hardly be an adequate
cause for the production of vast tempests on the Earth.
We are therefore obliged to look for some other agent than
sun heat for an explanation of those storms by which the
asurface of Jupiter is so frequently distracted. This leads
to the consideration of a very instructive point in connexion
with the physical conditions at present prevailing on Jupiter.
It seems now certain that although the planet receives no
more than a comparativey small share of sunbeams, yet
that from some source other than the Sun it is provided
with a supply of heat abundantly adequate for the genera-
tion of mighty atmospheric disturbances.

§ 133. Internal Heat. All evidence points to the
fact that the internal parts of the great planet which we
are now consdering must be in a highly heated condition.
It is indeed probable that Jupiter is so hot that, even if
there was a solid surface beneath that cloud-laden atmo-
sphere, water could not rest uponit. It would seem that
the temperature is such that water would boil away from
that surface, and bedriven off into vapour. Let usimagine,
for the sake of illustration, that this Earth of ourswere to
become so hot that even at the surface it was about the
temperature of boailing water, and was doubtless much
hotter still in the interior. Imagine the floor at the



Jupiter 125

bottom of the sea to become sSmilarly heated and to be
supplied with practicaly unlimited heat from benegth.
Then it is plain that al the water in every river and every
oceen would be evgporated and turned into steam, and
ascending into the amosphere would form a stupendous
mass of Gense and impenetrable clouds There can
hardly be a doubt that something of this kind represents
the present state of Jupiter. The constant passage of heet
from the interior of the planet to its suface maintains
enormous masses of materia in the form of clouds in this
amosphere, while locd inequdities in the trandfer of this
heat generate such disturbances that the incessant sorms
with which the mighty planet is distracted can be i
counted for.

§ 134. The Future of Jupiter. It ssams probable
that there was a time when this Earth was highly heated in
the manner just supposed. There was a time when water
could not rest upon this globe in a liquid form, so that just
as the present condition of Jupiter illustrates an earlier
stage in the Earth's history, so the present state of the
Earth may perhaps foreshadow the remote future which
awaitsthe greatest planet of our system, when in the fulness
of time it shall dso have parted with its redundant heat
and when the materids of its future oceen at present
forming its mighty clouds of vapour shal have been
collected upon its surface.

§ 135. Satellites. The adronomicd student who
has become possessed of a tdescope is dways specidly
interested in the beautiful sysem of Moons attending
Jupiter. He is ddighted a their incessant changes, he
obsarves them night after night as they move from one Sde
of the great planet to the other, he looks out for their
edipses in which the light is cut of from them, because
they have plunged into the shadow which the vast globe
cagts out behind it into space. He waches for their
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regppearance at the expected moment.  If he has a good

telescope he will occasondly be so fortunate as to observe

the satellite in the act of transit across the surface of the *
planet; he will note the ddlicate beauty of the shedow cast

by the satellite and he will fdlow its movement over the

bright surface. He will dso sometimes be adle to witness

the occultation of one of these little moons, as it retires

behind the mighty globe, in due course regppearing on

the other sde.

Pig. 22 shews Jupiter and the orbits of hischief satellites.
The planet and eech of the satellites is accompanied by an
enormoudy long shadow. The innermogt satdllite (1) is
shenn in transit over the disc & a its long shedow lying
clear of the planet. The sacond (1) gopears from the earth to

]

Fig. 22. Transits, Eclipses, and Ocoultations of Jupiter's Satellites.

be dear of the plangt, but it is casting a shedow upon the
discab. The third satelite is represented as undergoing
an edipse in the shadow of the planet & ¢, while 1V, though
dear of the shadow, is Hill invishle from the earth being
occulted by the planet, as represented at d.

§ 136. The Newer Satellites. For about three
centuries the sadlites of Jupiter have recdved the
unremitting attention of astronomers, and a fresh interest
has nov bean crested in conseguence of the remarkable



Jupiter 127

discoveries which were commenced by Professor Barnard
in September, 1892. The four wdl-known satellites are all
about the same sze, and are all about the same apparent
brightness. A telescope which can shew any one of them
is generally competent to shew all four when other circum-
stances are suitable. The satellites of Jupiter form what
are called " easy objects" in the astronomer's vocabulary.
For as already mentioned, the very smallest telescopic
power will suffice to shew them. Instances have indeed
been recorded in which some of the satellites of Jupiter
have been actually seen with the unaided eye. No doubt
such observations have been very exceptional, and it
auffices to mention that no one ever discovered theselittle
objects until Galileo turned the newly made telescope
upon them. None of the keen eyes of antiquity in the
days before telescopes were invented ever succeeded in
establishing the existence of these little objects.

It was however reserved for Professor Barnard to astonish
the agtronomical world with the announcement that the
four satdllites of Jupiter had an extremely faint companion
with a period of I1h. 57 m. This little body is so small
that just as the older satellites are the very easiest of
telescopic objects, so the new satellite is one of the most
difficult. Only two or three of the most potent telescopes
have as yet sufficed to disclose it, only very few of the
most experienced and keen-eyed astronomers have as yet
obsrved it.  The minuteness of the object will explain the
difficulty of the observation. It has been estimated that if
Jupiter were himsalf represented by a cocoanut his fifth
satellite would be about as large as a grain of mustard seed
on the same scale.  The remaining three are minute objects
which have been detected by photography, the outermost
of which, discovered by Melotte, has a period of 26 months.

§ 137. Size and Weight of Jupiter. Much yet
remains to be learned about this vast planet, which is so
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large that it would take no fewer than thirteen hundred
globes each as large as the earth all rolled into one to
equal it in Sze. Thereis, however, another very interesting
line of reasoning by which we can shew how the apparent
sze of Jupiter is largdy due to the fact that its globe
is surrounded by mighty masses of clouds. Among the
great problems which asronomers can solvein their efforts
to measure the various celestial magnitudes, not the least
remarkable is the determination of the actual masses of the
planets. By the hep of its satellites we have been able
to discover the actual weight of this great planet Jupiter.
No doubt we might reasonably expect that the weight
of Jupiter should be stupendous and so it assuredly is.
There is no use in trying to express it in tons, we can
give a notion of the weight of Jupiter much more usefully
by comparing it with the weight of our own Earth. It has
been found, as might have been expected, that the mightiest
of the planets is much heavier than the Earth. Indeed it
weighs about three hundred times as much. But the real
wonder seems to be not that Jupiter is so heavy, but that
it is not a great deal heavier. Estimated by volume the
planet is thirteen hundred times as big as the Earth, yet
now we find that when tested by weight it has no more than
three hundred times the mass of the Earth. In these
figures we see at once evidence of a great contrast between
the actual dructure of the two globes. If Jupiter had
been built of the same materials as the Earth, and if those
materials were in the same physcal condition, then we
should expect that as Jupiter was thirteen hundred times
as big, so it should also bethirteen hundred timesas heavy.
When therefore we find so great a disparity between the
weight of Jupiter and its bigness we may fed assured that
there must be some very radical difference between its
constitution and the constitution of the Earth. The clouds
with which Jupiter is thickly encompassed will of course
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suggest a method of accounting for the discrepancy. The
fact is that the Jupiter which we measure is enormoudy
swallen by the abundance of the clouds with which it is
enfolded. It is these clouds which give to Jupiter a bulk
altogether out of proportion to its weight

B. A. 9



CHAPTER X.
SATURN.

So far as mere greatness is concerned Saturn has to take
the sacond place among the planets. The neighbouring
planet Jupiter has avolume which istwice as large. Nor
does the globe of Saturn doffer much attraction to an
adronomer. It does not present for our examination a
beautiful sysgem of continents with cands and Arctic
sows, like those which are displayed on Mars. Indeed
Saturn exhibits no details on his globe except a fav bands
which are but ill-defined, and certain marks which, though
very fant, have fortunately been sufficiently recognisable to
be fdlowed during the planet's rotation. We give in' the
Frontispiece a reproduction of a beautiful drawing of Saturn
by Prof. E. E. Barnard.

§ 138. The System of Rings. The feature which
makes Saturn peerlessamong al the bodies in the Universe
is presented in the exquiste sysem of rings by which he is
surrounded.  We have firg to redise the dimensons of the
objects at which we are looking. The outermost ring is
about a hundred and seventy thousand miles in diameter.
How great this redlly iswill be understood if we reflect that
the magnitude just stated is more than twenty times the
diameter of the Earth. The thinness of theringsisdso a
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characteristic which merits special notice. Under certain
circumstances it will happen that the ring is turned edge-
wise towards the observer. In this case it requires a
powerful telescope to render it visible.

§ 139. The Structure of the Rings. The first
question which is suggested in the study of the ring system
concerns its relation to the central globe. It hasfirst to be
noticed that the rings are not attached to the globe by any
physical structure. They are in fact poised round the
globe quite freely and the globe stands majestically in the
centre of the circle which forms the inner margin of the
inner ring. At first it seems difficult to imagine by what
contrivance the ring remains continually balanced in the
same position. How is it that the ring and the globe
remain associated together during their revolutions around
the Sun without ever being displaced from their relative
positions? This we shall consider when we have explained
the discovery which has shewn the nature of the rings.
The main portion of thering is divided into an outer and
an inner part by a dark line which bears the name of
Cassini's Division.  This line is known to be an open space
and through it the actual globe of the planet has been
sometimes seen.  The outer of the two rings thus separated
is itself divided into two parts, by a line more difficult
to see than Cassini's line. Both of these lines may be
described as circles, the centre of each being at the centre
of Saturn. This outer line is however not quite dark, so
that it is clear it cannot be regarded as an absolute line of
separation between two portions of thering. It also appears
that besides these lines which have been referred to there
are certain other faint lines which become discernible under
exceptionally favourable conditions.

§ 140. "The Crape-Ring." But the most delicate
part of the Saturnian system is clearly the so-caled " crape-
ring." This exquisite structure extends from the inner

9 2
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edge of the bright ring about half-way in towards the globe
of the planet. It is called the "crapering’ because it
possesses the semi-trangparency of such a fabric as crape
The proof of the partial transparency of the crapering
is afforded occasonally when the edge of the solid globe
of the planet can be seen right through this part of the
ring.

§ 141. A Simple Model of the Saturnian System.
We may conveniently represent the rings in this way.
Take a little globe, three inches in diameter, to represent
Saturn, then on a thin piece of card make two concentric
circles, of which the outer has a diameter of seven inches
and theinner a diameter of six inches. Cut out this ring,
it will represent the outer ring of the planet. The inner
ring may be amilarly illustrated by two circles of five and
three-quarter and four and one-quarter inches in diameter
respectively. If we now place the latter of these rings in
the centre of the former and the globe representing Saturn
symmetrically in the central aperture, we shall have a mode
of the principal parts of the Saturnian system which may
render the explanation which is to follow more readily
intelligible.  The crapering is interior to the two rings
already mentioned.

§ 142. Stability of'the Rings. Ever snce the
days of Newton it has been found necessary to reconcile
the observed facts of Agronomy with the law of universal
Gravitation. It was, therefore, essential to explain how
each of the rings of Saturn could remain thus accurately
balanced with the globe itself in the centre. At a first
glance nothing might have ssemed easer. If the globe
of Saturn lay exactly in the middle of the ring, as the
planet pulls the ring equally all round and as the postion
is one of perfet symmetry the various pulls would
neutralise each other, and thus the Saturnian system would
be an enduring one. A little further reflection, however,
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shews that this smple explanation would not answer.
Saturn could no more lie baanced pefectly in the middle
of its ring than an egg could stand baanced on one end.
The podtion isin both cases one of unstable equilibrium.
It is an equilibrium which Nature does not like. It is
therefore impossble to meet the dams of universa
gravitation by saying that the ring of Saturn stands poised
symmetricaly round the central globe.

§ 143. Mechanical Condition. The gppearance
of the Saturnian rings in the telescope certainly suggests
that they are foomed from sheets of some solid materidl.
But a fev condderations can eedly be adduced to shew
the insuperable mechanicd difficulties which attend such a
suppostion. It will be dbvious that we may think of the
ring as formed of two semi-circular arches placed together
base to base. We may consequently goply the well-known
mechanicd principle which governs the congruction of the
arch to throw some light upon the question as to whether
the rings of Saturn can be composad of solid materidl.

§ 144. Pressure of an Arch. | do not suppose
that in any arch as yet congdructed by man with the
building materiads at bis digposd the utmost possble soan
has ever yet been reeched. It may wdl be that, with
certain kinds of done, arches condderably wider than
the beautiful Grosvenor Bridge which spans the Dee a
Cheger could be constructed; it is however quite certain
that though engineers may not heretofore have had occasion
to erect the largest possble arches, yet there must be
a wdl-defined limit which no arch can transcend. The
gregter the span the greater is the crushing pressure to
which the stones of the bridge are subjected. The stone
has of course but a limited capecity for resgtance to
pressure and this consideration determines the sze of the
largest possible arch.

§ 145. The Rings are not Solid. But in the
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outer ring of Saturn, or rather in one hdf of that ring,
we have an arch of gigantic gpan amounting indeed to con-
siderably more than one hundred thousand miles.  If this
arch were indeed formed of solid materid the dements
employed in its congtruction would be subjected to pressure
thousands of times greater than the pressures which could
possibly be withstood by any materids such as those of
which the Sola Sysem is congructed. It must be
remembered that the pressure which would prove fad to
the stability of the terrestrial arch, if that arch exceeded
a certain span, arises from the weight of the materids of
which the bridge itsdf is built. The magnitude of the
pressures on the Saturnian arch would be such that even
if it had been built from materids a thousand times
tougher than the toughest sted a collgpse would be
inevitable. We are therefore led to examine how the
intensity of the pressure might be reduced, and there is
one obvious method by which et all events some aleviation
could be efeted. If the ring were endowed with a
movement of rotation round the centre of the planet the
centrifuga force with which its parts tend to fly outwards
would of course, to a certain extent, neutralise the pull
exerted inwards by the attraction of the planet.  If indeed
the ring were very narrow, as narrow as we know it is thin,
it is concavable that such a velocity of rotation might be
communicated as would just counteract the effect of the
atraction. The pressure on the materiads would thus be
reduced, and S0 far as our present argument is concerned,
there would be no difficulty in conceiving how a ring, not-
withstanding its many thousand miles in diameter, might
be sustained around Saturn in the centre.  But of course
the ring of Saturn has a width many times greater than we
have supposed.  If that ring were indeed a plate of solid
materid it would require, in order to equilibrate the strain
at its outer margin, to revolve in one particular period, and
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in a different period if the strain were to be abated on the
inner margin. Even if the ring rotated with an average
velocity, which might have the effect of neutralising the
pressure in the middle of the ring, the pressure would be
still great enough to crush the inner parts while the outer
parts would.be rent asunder. These are, however, only
some of the difficulties which follow on the supposition
that the rings of Saturn are really the solid aobjects which
they seem to be,

§ 146. Dynamical Theory. The pen of the
mathematician has here proved a more subtle instrument
than the telescope of the astronomer for investigating the
texture of the rings of Saturn—Roche first shewed, what
Maxwel afterwards proved independently, that it was
impossible for either the outer ring or the inner ring to
be a solid object It further appeared that there were
conclusive dynamical arguments against the belief that the
rings we see are composed of a myriad of thin concentric
rings each formed of solid material. The analyss also
demongtrated that the rings could not be composed of fluid
materials. It was finally demondrated that the only
concelvable mechanical condition in which the matter
congtituting the rings of Saturn could exist would be in
the foom of myriads of comparativdy small independent
objects, each revalving like a moon round Saturn in an
orbit of its own and each with its proper periodic time.
In order to account for the apparent continuity which the
rings present, as seen in the telescope, it was only necessary
to suppose that these little bodies were sufficiently nu-
merous and sufficiently close together to form a sort of
svarm whose collective light would give the appearance
of a continuous object, though the several individuals of
the swarm could not be separately discerned. The precise
size of these objects is immaterial. They might be no
larger than the motes in the sunbeam or than the grains
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of sand on the seashore, they might be as large as moun-
tains or even larger till, the essential point is, however,
that whatever their dimensons may be, those dimensions
are small reatively to the breadth of Saturn's rings.

8§ 147. The Rings are Composed of Small
Particles. It thus came to pass that astronomers received
as an accepted doctrine the theory that the rings of Saturn
must really be formed of small particles, moving round
the planet in their several paths. Nor was this belief
diminished appreciably by the reflection that visual con-
firmation of the feet ssemed quite beyond all possibility
of realisation.

§ 148. Heeler's Observations. Great then was
the interest excited among all engaged in the study of
the heavens by the announcement of certain remarkable
agronomical observations by Professor Keder with the
aid of the spectroscope upon the velocity with which
different parts of the ring revolve around the planet. He
has demongtrated in a manner alike ingenious and convinc-
ing that the rings of Saturn have as a matter of observed
fact that precise character which the beautiful dynamical
theory attributed to them. Sr William Huggins some
time ago made the remarkable statement that of all the
discoveries in the celetial regions which the spectroscope
had been the means of giving us, perhaps the most
important would ultimately be found to be the revelation
of particular movements which successfully elude all other
means of detection. The facts already brought to light
have certainly corroborated these gatements™ and now the
astonishing announcement made by Professor Eeedler, as
to what he has found in the rings of Saturn, carry the
doctrine a very long way towards complete demongtration.

8§ 149. The Spectroscopic Method of Obser-
vation. The essential feature of the spectroscopic method
of research which is leading to such a great extension of
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our knowledge can be easly described. The light from
a celestial object, when submitted to examination by the
spectroscope, presents a system of lines characterigic of
the peculiar nature of the light which that object dispenses.
If, however, it should happen that the object is travelling
rapidly towords the observer, then the sysem of lines is
shifted in one direction while, if the object be receding
from the observer, the lines are shifted in the opposte
direction. By measuring the amount through which these
lines are shifted, it is possible to determine the actual speed
at which the body is moving along the line of sight. The
dgnificance of the results thus obtained arises from
different causes. In the first place, the movements along
the line of sight are precisely those particular movements
which entirely elude all observations made in the ordinary
manner. The fact that a sar is hurrying towards us, or
from us, does not produce any apparent change in its place
on the heavens, and yet it is only by alterations in the
gar's place that movements could be determined by those
methods which alone were available to astronomers before
the newer method came into use. The remoteness of the
object is also immaterial, so far as the spectroscopic method
isconcerned. The process is equally available for studying
the movement of a planet in our system, or of a star which
is at a distance millions of times greater than are any of
the planets. Nor does it matter either how small may be
the object from which the light comes, for so long as that
light is perceptible in the spectroscope, the dimensions of
its source do not concern us. Professor Keder has applied
this method with singular practical kill to the study of the
rings of Saturn. He has thus shewn that the theory of
their constitution which mathematicians announced o
many years before is actually borne out by observation.
The sunlight reflected from the rings of Saturn is affected
by the movements of the little particles of which those
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rings are composed; these movements produce such altera-
tionsin the position of the lines of the spectrum that it
has been found possible to determine the pace at which the
different parts of Saturn's rings are moving. It has thus
been rendered absolutely certain that the rings consist of
innumerable myriads of small particles, each pursuing its
own course as an independent little moon.

Astronomers look with much admiration upon this
remarkable confirmation of a purely theoretical deduction.

§ 150. Satellites. The strange and beautiful system
of rings which surround this planet render Saturn unique.
In another respect, aso, it is perhaps the richest of the
planets. The largest of its satellites, Titan, was dis-
covered by Huyghens as early as 1655, and by the end
of the seventeenth century four more, lapetus, Rhea, Dione
and Tethys, had been discovered. Sir William Herschel
added two, Mimas and Enceladus, to the list. In 1848
Bond in America, and Lassell in England, independently
discovered an eighth which was called Hyperion, and so
the list remained for half a century. In 1898, however,
Phoebe was discovered by Prof. W. H. Pickering by
comparing two photographs of Saturn on August 16th and
18th respectively, and the same astronomer discovered
Themis in 1904.

The following is a list of these bodies with the dates
of their discovery and the times in which they perform
their revolutions around the primary. They all move in
very nearly circular orbits which lie as nearly as possible
in the plane of the rings, with the exceptions of the orbit
of lapetus which is inclined at an angle of about 10° to
that plane, while the inclination of the orbit of Themis is
greater still
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THE SATELLITES OF SATURN.

Discovered Periodio Time
days hrs mina
Mimas 1789 0 22 37
Encdadus 1789 1 8 53
Tethys 1684 1 21 18
Dione 1684 2 17 4
Rhea 1672 4 12 25
Titan 1655 15 22 41
Themis 1904 20 20 24
Hyperion 1848 21 6 38
lapetus 1671 79 7 56
Phoebe 1898 550

Phoebeis of particular interest as being thefirst satellite
discovered in the solar system which, while moving nearly
in the Ecliptic, does so in the retrograde direction.



CHAPTER XL

URANUS AND NEPTUNE,

8 151. The discovery of Uranus. The five older
planets have been known since prehigoric times. There
was, in fact, no record whatever of the discovery of any of
the planets when on March 13th, 1781, William Herschd,
who then occupied the position of Organigt at the Octagon
Chapd at Bath, made one of the greatest discoveries in the
annals of Science. He had congtructed with his own hands
areflecting telescope.  This instrument possessed consder-
able optical perfection, so much so that when on the night
in question he was examining with its help the sarsin the
congtdlation Gemini, and using consderable magnifying
power, his attention was arrested by a point which did
not present the appearance of an ordinary sar. It had
a diameter of appreciable dimensons. The perception of
this fact shewed at once Herschedl's skill as an observer, as
well as the perfection of his home-made instrument. This
will be evident when what was subsequently ascertained
is borne in mind. It appeared that previous astronomers
had on no fewer than seventeen occasions observed this
object, but having noticed no difference between it and an
ordinary star had paid it no further attention. The
penetrating glance of Hersche at once perceived a dif-
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ference He looked at this object again and again; he
found that unlike a star, as to its appearance it was
also unlike in the fact that it was in motion, and ere long
it was discovered that this was a splendid planet revolving
outdde the orbit of Saturn. This new object like the
older planots revolved in a nearly circular orbit around
the Sun and moved in a plane but little inclined to the
plane of the ecliptic. Subsequent observation shewed that
it was attended by four satellites, very small objects only
to be discerned with much difficulty. The planet received
the name of Uranus. Its diameter is four times as great
as that of the Earth and it weighs about fifteen times as
much.

§ 152. Earlier observations. On ssarch beng
made through earlier gtar catalogues it was found that
Uranus had been observed in 1690, in 1712, in 1715, and
in 1756. On all these occasons the planet had been
regarded as a star and its place had been duly set down.
When, however, Uranus became known by Herschd's
discovery it was possible to calculate the position which
it held in the heavens on these earlier dates, and thus
the identity of the planet with the supposed stars was
edtablished. If confirmation were wanted it was found
in the fact that on subsequent comparison of the dar
catalogues with the heavens it was found that no sars
were visible in the places referred to. The planet had
been there seen and its place had been set down, but
of course the planet then moved away and left its place
vacant.

§ 153. Discrepancies in the Motion of Uranus.
These early observations of Uranus proved however to be
of the greatest importance, inasmuch as they enabled the
track which Uranus follows through the heavens to be
determined with much accuracy. For each revolution
Uranus requires no less than 84 years, and consequently



142 Astronomy

it would be impossible to determine its orbit with any
vay high degree of precison by a fewv obsarvaions
separated by short intervals.  When, however, the planet
had been under obsarvation for some time its orbit wes
accurately determined. It was dso possible to determine
the orbit of Uranus by means of the early observetions, in
which the planet had been mistaken for astar.  And when
the two orbits, as deduced from these two sets of observa
tions, were compared together, it might have been expected
that the tracks they indicated for the moving body would
beidentica. But this anticipation was not redised. The
orbit of Uranus as indicated by later observations was not
the same as that indicated by the earlier observations.

This disagreement excited much interest anong as
tronomers. Bouvard published in 1821 an account of
the movement of Uranus in which he dwet upon the
discrepancies, and he shewed that they could only be
accounted for by supposing that they were due to some
extraneous and unknown influence which disturbed the
movements of the planet. Of course the known planets,
Jupiter and Saturn, exercised their disturbing effect upon
Uranus aso, but these could be dlowed for, and when
this was done it was found that there were discrepancies
gill outstanding. He even wet so fa as to suggest
that this extraneous influence was perhaps due to the
atraction of some unknown planet which circulated in an
orhit exterior to that of Uranus.

A magnificent mathematicd problem was thus sug-
geded. It was no less than the invedtigation of the orbit
of this unknown planet from the dfect which its attraction
produced on the movements of Uranus.

§154. The Discovery of Neptune. [f there were
indeed an outer planet, certain facts with reference to it
might a al events be predicted from the andogy of the
planets dready known. It might fairly be assumed that
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this outer planet revolved around the Sun in a nearly
creular orbit, and that the plane in which it moved was
practically coincident with the plane in which all the other
great planets revolved. It was also possible to take a still
further step by a reasonable conjecture as to what the
distance of the new planet from the Sun might be expected
to be. There exists indeed a very curious relation which
connects together, in an approximate fashion, the distances
of theimportant planets. Thisrelation is generally known by
the name of Bode's Law. We must be careful to distinguish
it from such laws as those of Kepler, the latter are founded
on the laws of gravitation, and thus rest on a mathematical
bass, while Bode's Law must be described, at least so far as
our present knowledge extends, as purdy empirical. It
appears to be true, but mathematicians have not yet been
able to assign any reason why it should be so. In any case
we have to note that its truth is only of an approximate
character.

It is however worthy of enunciation. We write the
following series of numbers

0, 3, 6, 12, 24, 48, 96.

It is easy to remembe this series by the circumstance
that after the two firg figures have been written down each
number is double the one which precedes it. Let us now
alter this series by adding four to each of these numbers
the row of figures then becomes

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

This series of figures bears a remarkable relation to the
Solar System. With the exception of the fifth figure, 28,
the numbers we have set down are approximately propor-
tional to the distances of the several principal planets from
the Sun. We may "regard the number 28 as representing
collectively the positions of the asteroids. In fact, if we
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denote the distance of the Earth from the Sun by the
number 10, we may represent the distances of the various
bodies of the Solar System as follows :

Mercury Venus Earth Mars Asteroids Jupiter Saturn
39 72 10 152 28 529 954

These numbers agree moderately wel with those indicated
by Bodes law. It was further found when Uranus was
discovered that its distance from the Sun, as represented
by the law, would be 196, which does not differ much from
191'8, which is found by multiplying the actual distance of
Uranus, expressed in terms of the mean radius of the Earth's
orbit, by 10. Thus the law of Bode gave a sort of sugges-
tion as to what the distance of the planet should be if there
were such a planet revolving beyond Uranus. On the same
scale as those already adopted the law would indicate 388
as the digance of the planet immediately outside Uranus,
and this served in some degree as a guide to the unknown
body. It should however be mentioned that as the results
actually turned out the law of Bode was in this case con-
sderably astray. The actual distance of Neptune was
discovered to be no more than 300'4.

The search for this unknown object was undertaken
independently by two mathematicians, by Le Verier in
France and by Adams in England. It was shewn by Le
Verie that these discrepancies could be completdy re-
conciled by the existence of an outer planet, of which he
determined the orbit. Hewasindeed enabled to predict the
place of the planet so accurately that on the memorable
night of September 23, 1846, this new planet was actually
discovered by Dr Galle at Berlin, on making a search in
the very spot to which the indications of Le Verrier guided
him. A search had however been commenced previoudy
by Professor Challis at Cambridge in accordance with the
calculations of Adams, and Challis had actually observed
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the planet with the Northumberland Equatorial on August
the 4th, and 12th, 1846. There can be little doubt that
from Challis's observations, whenever they came to be dis-
cussed, the planetary nature of the object would have been
fully recognised. Unfortunately this discusson was not
undertaken until after Dr Galles observations had been
announced, and so the actual priority of the discovery was
lost to Adams. The scientific world has long since agreed
that the credit for this brilliant discovery must be equally
shared between Le Verrier and Adams.

The planet Neptune brought to light in this astonishing
manner is not visible to the unaided eye. It will, generally
speaking, beranked as a star of the 8th magnitude. Under
a high magnifying power the dimensons of the planet
become more congderable and its circular disc can be
perceived. The actual diameter of Neptune is about four
times the diameter of the Earth. It is accompanied by a
single satellite. This planet is, so far as we know, the
outermost planet of the solar syssem. Nor is there any
reason for thinking that there are any planets beyond it



CHAPTER XII.
COMETS

§ 155. Appearance of Comets. Beddesthe planets
and their satellites there are other bodies of a very different
character which bdong dso to the Solar Sysem. Thee
bodies are Comets and Shooting Stars. A comet poSeSEsS
generdly a nudleus of more or less brilliance, surrounded
with a vagt quantity of nebulous material, which is often
extended in one direction 0 as to fom a tail. Vey
frequently, however, comels are not provided with this
gopendage, and sometimes dso the nucleus is very fant,
or is entirdly wanting. Comes vary greetly as to bright-
ness; in the mgority of cases these objects are merdy
telescopic, but sometimes they are brilliant and mogt
griking phenomena. For ingtance, the comet of 1680 is
sad to have had a tail so great that it stretched across
the sky through an arc equd to 90°, and others have been
recorded with tails even ill greater.

A comet is generdly vidble for only a brief period.
It will first gppear suddenly in some region where there
has been nothing previoudy to attract attention, and then
from day to day it increases in brightness and varies in
shape; sometimes it remains vishle for a fev wesks
someimes for months; occasondly it passes so dose to
the Sun that it becomes invigble for a while, and then
again it will be restored to view on passng to the other sde
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of the Sun, and gradually receding it becomes smaller and
ultimately disappears.

§ 156. Movement of Comets. We owe the
explanation of the movements of the comets to Newton.
He saw that, as a consequence of the law of gravitation,
each object Submitted to the attraction of the Sun must
revolve in a conic section around the Sun. The conic
sections in which the several planets move are elipses,
and in like manner many of the comets revolve also in
ellipses. But the shape of the ellipse is, generally speaking,
very different in the two cases. All the important planets
have elliptic orbits which differ but little from the circular
foom. They do not move in orbits which are highly
eccentric, but orbits of this kind are found to prevail
amongst the comets. The dlliptic tracks in which comets
revolve are generally of a high degree of eccentricity.

Newton's principle however shewed that any conic
section was a possible form of orbit under the influence
of a centre of attractive force such as that exerted by
the Sun. Now there are three forms of conic sections, the
ellipse, the parabola, and the hyperbola. By the movements
of the planets we were provided with excellent illustrations
of revolution in élliptic orbits; the comets give us illustra-
tions of movements in the two other types of curve. The
great majority of comets move in what is known as the
parabola. There is a fundamental difference between
movement in an dlipse and movement in a parabola,
inasmuch as the éelipse is a closed curve, while the
parabola is not. It therefore follows that if a comet be
moving in an elliptic track it will return to its origina
position after the lapse of a number of years, greater or
less, according as the dimensions of that track are greater
or less. In such a case the comet will be periodic. We
may expect it to appear over and over again, and some
very striking comets are of this character.

10—2
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The mog famous example of this dass is the comet
of Haley, which revolves in about seventy-five years. It
was last seen in 1910 and will be therefore due again about
1985. The movement of a body dong a parabalic track
is of a very different character. The comet will advance
towards the Sun, it will smvegp round the Sun and then it
will commenceto retreat. As, however, the parabolaiis not
a dosed curve, it fdlows that the object thus started will
never again return.  Mog of the famous comets, of which
the history isrecorded, gppear to have been of this parabolic
dass, they make one, and only one, apparition. The mogt
notable comet in the memory of those il living appeared
in 1858* during the Autumn of which year it attracted
universal attention. This wes a come of the kind to
which | have referred, which have only a single recorded
appearance.

§ 157. Photographs of Comets. The photographic
processes which are now so useful in astronomy have been
of specid advantage in the endeavour to represent the
comets.  Asthere is no phenomenon ever witnessed in the
heavens more driking than a great comet, so there is
certainly none which is apparently more suited for that
particular kind of study which the camera permits. The
growth of the photographic art has been, however, so recent
that up to the present no comet which could be described
as redly splendid has presented itsdf for examination by
our plates. Adronomers are gill anxioudy awaiting the
digolay of another cometary spectacle smilar to that
which burst forth in 1858.

8 158. Swift's Comet, 1892. Some of the most
remarkable portraits of comets which have yet been ob-
tained are due to Professor Barnard when he was at the
Lick Obsarvaory. We shew here a picture of Swift's
Come taken by Barnard in the year 1892. It may be
regarded as exhibiting the structure typical of such
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bodies generally. There is first of all the more or less
dreular head, and then there is the tail which extends
to a very great distance. Whatever may be thought of
the dimensions which the tail appearsto display as shewn
on the plate, there can be no doubt that the actual length
of this important feature extended to many millions of
miles. It had long been known that the greater part of
a comet is composed of materials of the flimsiest descrip-
tion. There appears to be nothing that is actually solid
in any part of the body's mighty extent, and the tail
congsts of material which is specially rarefied and diffused.
This is abundantly illustrated by the circumstance that
very faint sars can be seen right through the thickness
of the tail of the comet. In looking at such gtars the line
of vison actually pierces through a volume of cometary
material hundreds of thousands of miles in thickness.
Judging from its effects on the star, the comet's tail does
not seem to possess as much opague material as isin a
light cloud floating on a summer sky. Faint stars would
be completely extinguished by such a cloud, and yet we
often see dars notwithstanding the interpostion of a
stupendous thickness of comet. This fact sufficiently
demongrates the extraordinary rarity of the materials of
which a comet is composed.

An interesting feature connected with the comet is
brought out very strikingly by the photograph. For such
pictures long exposures are indispensable.  The objects are
sometimes s0 delicate that a detailed picture cannot be
obtained in less than an hour. But we must remember that
in.the course of an hour the apparent diurnal mation of
the heavens carries both the gstars and the comets through a
condgderable distance.  If therefore the telescope were kept
fixed during the time of exposure inteligible pictures of
the celestial bodies would be impossible. It is accordingly
necessary to guide the telescope so that we shall follow the
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comet in such away as to enable the image of the body
always to be impressed on the same part of the plate.

This is a delicate operation, and it requires much care
on the part of the astronomer, who is directing the
instrument, while the exposure isin progress. But in this
particular application of celestial photography a very
interesting point must be observed. The comet is all
the time pursuing its own orbit and consequently, while
the exposure has lasted, the comet experiences a displace-
ment relative to the surrounding stars. As, however, it is
the comet which it is desired to represent the telescope has
been aways directed to that object. It follows that the
images of the stars which would of course have been
sharply marked points if the telescope had been guided by
their movements, were transformed into little streaks.
These streaks may be regarded as exhibiting both in
direction and in magnitude the distance through which
the comet had moved during the time of the exposure.

§ 159. Direction of Comet's Tails. A further
instructive point is brought out by this picture. It will
be noted that the tail of the comet does not appear to
stream out along the direction which is defined by the star
streak. The tail of the comet does not lie along its track
in the same way as the sparks from a sky-rocket lie along
the track which the sky-rocket has pursued. The tail of
the comet has assumed a position which is imposed by the
direction in which the Sun lies relatively to it. Indeed,
it is a general rule that the tail of a comet points away
from the Sun, and that it does so independently of the
direction in which the comet may at the time happen to
be moving.

8§ 160. Discovery of Comets by Photography.
The camera has aso been the means of discovering at
least one comet which had not been previously detected
by the ordinary method followed in searching for such
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objects. Professor Barnard when taking a photograph of
the stars in the ordinary way was as usua guiding the
telescope by a star on the picture. When the plate
was developed the stars appeared to be points of light,
as of course they should. There was however one object
on the plate. which did not present the appearance of a
point, it rather appeared as an ill-defined streak. This
was clearly an indication of something which had moved
relatively to the stars during the time of the exposure.
A little further examination shewed that this was indeed
a new comet, whose existence was thus betrayed by the fact
of its displacement. (See p. 210)

Y et one more achievement of the camera in the study
of the comets may be mentioned. It has opened up a
field of possible developments in the future. It has been
frequently found that the photographic plate will represent
objects which cannot be seen by the human eye. A comet
appeared with a tail about 2° in length so far as mere
telescopic examination would display it. It is however
certain that the tail of this comet was a very much larger
structure than the mere telescopic view would lead us to
suppose, for the photographs display a tail not less than
five times as long.



CHAPTER XIII.
SHOOTING STARS

§ 161. How a Shooting Star becomesvisible. An
ordinary shoating star is redly a very samdl object. Pro-
bably the shooting stars in a shower are bodies comparable
in d9ze with the pebbles on a gravd wak. The shooting
gtar is rendered visble to us only by the illumination
generated by the heat attending its plunge into the atmo-
sphere with which the Earth is surrounded. In open
space the little object which is to be presently transformed
into a streak of splendour is rushing dong with a seed
one hundred times as great as that with which the swiftest
ritte bullet is animated, for in the emptiness of gpace
there is no resigance to motion. Directly the missile
finds itsdlf in contact with the atmosphere it experiences
tremendous obgtruction.  As it rushes through the air it
becomes warmed by friction; the friction is indeed S0
greet that the object becomes red hot and white hot, until
a last it is actudly meted and transformed into a streak
of brilliant vepour. Thus it is that we see what is cdled
a shooting star.

On dmog any night that is clear the careful obsarver
will see severd such objects.  The mgority of these are
such exceedingly smdl bodies as to be dissipated during
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their flight through the atmosphere. But from time to
time some of larger size are observed, and in some cases
even they have partially survived the fiery ordeal which
the atmospheric resistance presents and a portion of their
solid mass has falen on the surface of the Earth. These
objects are then called meteorites.

8§ 162. Showers of Shooting Stars. It occasionally
happens that shooting stars appear in vast multitudes,
forming what is known as a shooting star shower. The
meteors of a shooting star shower are found in each case
to diverge or radiate from a particular point, or from a
smal area of the sky, and in general the appearance
of each shower is confined to a particular time of year.
Thus there are the shooting stars, to mention only the
most important, radiating from a point in the con-
stellation Perseus which are, from this circumstance, called
Perseids. These are met with every year in the second
week of August. There are also the Andromedids, whose
radiant point is situated in the constellation Andromeda
and which are only seen about November 27. But the
most interesting of all the periodical shooting star showers
are the Leonids, whose radiant point is in the constellation
Leo and which are met with about the middle of November.
There are some disturbing causes, which we need not at
present consider, tending to bring about the reappearance
of this shower at a later and later date at each recurrence,
but at present it is to be looked out for between November
14th and 16th. Those who were fortunate enough to have
witnessed the superb display of shooting stars on the
13th November, 1866, will probably agree that it was the
most impressive spectacle they ever beheld in the heavens.

§ 163. The periodicity of the Leonids. The
recurrence of this shooting star shower is remarkable.
They often make a specid appearance at intervals of
thirty-three years and a quarter. It may wel be asked
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how we can venture to predict a shooting star shower with
any reasonable expectation of success. It may at once be
admitted that we cannot attempt to foretell the occurrence
of shooting star showers with the same fedling of absolute
certainty as we have in the prediction of an eclipse of
the Sun or the Moon. The latter depend only on the
relative positions of the Sun, the Moon, and the Earth,
and thus involve only considerations which are in all
respects known to us. In the case of the movements of
the shooting stars the conditions are by no means so definite
as they are in the case of an eclipse.

Each year when the critical date in November comes
round, astronomers are accustomed to expect rather more
shooting stars than are generally to be seen on other nights
of the year. But the display of these Leonids has by no
means the same dgnificance every year. Sometimes a
November will pass in which but fev meteors will be
noticed specially belonging to this group, and in most other
years the Leonids observed by astronomers do not form
any spectacle sufficient to command the particular attention
of the public. But it has sometimes happened that the
arrival of the middle of November has been marked by a
display of countless thousands of shooting stars, exhibiting
a spectacle only to be described as sublime.

§ 164. Former Showers. For nearly a thousand
years such phenomena have from time to time been noticed.
Early chroniclers, who had not the faintest idea of the true
character of the apparition which to their astonishment
suddenly burst forth, set down accounts of what they
saw. No doubt these accounts of celestia portents have
but little pretension to scientific accuracy, but they give
us at least the dates which are al important for our
purpose. From a comparison of various observations it
thus became manifest that the great displays occurred at
intervals of about thirty-three years. We cannot indeed
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afirm that splendid showers of November meteors have
actually taken place at every successive interval of thirty-
three years, the records that have been preserved, or
at al events the records that have been discovered, are
not sufficiently complete to enable this to be affirmed. It
must be remembered that if the night happened to be
overcast—and this, in most northern climates, is a circum-
stance by no means unlikely in the middle of November—
then the shooting stars would not be seen. It must also
be remembered that as such displays could never be pre-
dicted by the early astronomers, who were totally ignorant
of their real character, no organised arrangement could ever
have been made for their observation, and consequently
the accounts of such displays which have been preserved
must be regarded merely as fortunate accidents. It may
indeed have happened that great showers have taken place
and have been observed, but that no records of such events
have as yet been brought to light. It is even concelvable
that records of great shooting star showers may still exist
which have hitherto escaped those who have devoted
specia attention to the subject. We must therefore not
be surprised if there are many gaps in the history of these
Leonids. Since the year 902 AD. when the earliest of
these showers, so far at least as we know at present, was
observed, there may have been thirty of these exceptional
displays. Of these about a dozen are known historically;
if the others occurred testimony is silent

But as might be expected we have had pretty full
information on the subject so far as the present centary is
concerned. There was a great display of this particular
shower in 1799 and there was another great display in
1833. Thus astronomers were led to the expectation that
there would be a recurrence of this phenomena in 1866.
| have aready mentioned how wonderfully this prediction
was fulfilled. It is the application of the same reasoning
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which leads us to the expectation that there may be a
renewd of the great display of shooting stars on future
occasions.

§165. Explanation of Periodic Showers. Snce
the great display in 1866 we have learned much about the
actud nature of these little objects and their movements,
and we can now explain the causes of their gopearancein
great howers | shdl here st forth an outline of whet is
known of this periodicd shower.

The Leonids which we s in November bdong to a
mighty shod containing unnumbered myriads of little
objects This vast hogt swegps dong a great celedtia
highway which forms an ovd figure nearly two thousand
million miles long, each, as a minute planet, obeying the
atraction of the Sun. Pursuing this vast track the shod of
meteors make their circuit round the Sun. Notwithstanding
the high speed with which these objects move, the coursethat
they have to get round is so vast that not less than 33%4
years are required by them to accomplish one complete
journey. The path in which our Earth makes its annual
circuit sometimes crosses that of the shooting stars.  In
genard the main shod of little objects, athough spreed
for many millions of miles dong the track, does not happen
to be at the point of crossing when the Earth reaches the
same point, and 0 we encounter only the few stragglers
which may happen to lie dong the great highway. These
provide for us the Leonids generdly encountered in the
middle of eech November.



CHAPTER XIV.
STARS AND NEBULAE.

§ 166. The Number of the Stars. Every new
telescopic discovery tends to give us larger idess as to the
scde on which the universe is built.  Our unaided eyes
can detect & one view perhgps two thousand stars of
vaied degrees of magnitude srewn over the heavens.
When we use a tdescope to help us, even though that
telescope may be of but very moderate power, the number
of sars is increesed ten- or twenty-fold. With larger
ingruments the stars are increesed a hundred-fold, a
thousand-fold, even ten thousand-fold or more If dis-
carding our visud observetion we employ the photographic
plate, bewildering millions of stars are displayed of whose
exigence we were previoudy unaware. The number of
dtars in such a picture may be conjectured from the
photograph of the clusters in Perseus referred to in § 170.

8§ 167. Proper Motion. Many of the stars possess
what is cdled proper motion. If the place of a star on the
heavens be carefully determined a one epoch and if the
place of the same star be again determined years afterwards,
when dlowance has been made for the apparent displace-
ment arising from precesson, aberration and nutation,
which afect every star according to its postion in the
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heavens, it will not nnfrequently appear that the position
of the star has ghifted in the intervening period. Such
obsarvations are of much ddicacy, for the movements
which the stars make seam to us very smal on account
of their distances, even though such movements may be
intrindcadly gigantic. A star might be moving fagter than
the Earth moves, or fester indeed than any planet of our
system, and yet in the course of a couple of centuries the
actua distance which such a star would ssem to have
travelled on the surface of the heavenswould not be greater
than the apparent diameter of the Moon.  If the star were
free from all digurbing effects such movements would
proceed uniformly, but if the star were acted upon by the
atraction of some other body its movement would be
correspondingly deranged.  In this way it will sometimes
happen that the movements of the star will be appreciably
dfected by the attraction of another body in its vicinity.
It is not the least necessary that the attracting body
should be luminous; dl that is required is that it be
massive enough and near enough to the star to produce
a condderable efect. In the movements of some of the
stars we discover unmistekable indications that they are
influenced by the attraction of other bodies in their
neighbourhood. In fact, the more dosdy we scrutinise
the proper motion of diffeeent stars the more do we
perceive the irregularities with which such movements are
affected.

§ 168. Invisible Stars. Theinterest of such obse-
vaions is very great. From the influence which such
objects exert on the movements of stars that happen to be
visble we learn the existence of massve celestid bodies
which we have never seen and can never hope to see.
Indeed the principles of thelaws of probability teach usthat
the quantity of matter which the Universe contains, even
without going beyond the telescopic distances, is probably
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hundreds of times, or thousands of times, and it may be
millions of times, greater than the total mass of the dars
which are visble to us

§ 169. Star Clusters. There is no pectade .more
agounding to a student of the heavens than that of a
great dar-cluster. It is wdl known that in this respect
those astronomers whose lot is cagt in the Southern hemi-
sphere are more favoured than are those who live in
Europe or North America. The mogt glorious star-cluster
that the firmament contains is that in the congellaion
Centaur.

It sometimes happens that when an astronomer turns
his attention towards a so-cdled cluster of stars he will
think that the cluster ought to be described as a part of
the ky where the stars are a little richer, a little more
abundantly digtributed, than usua, rather than as a
distinct object evidently indicating a number of stars
associated together in a separate system.  But no such
feding is posible when we examine such a wonderful
object as the great cluster of the Centaur, Sir John
Herschd studied it and made a beautiful drawing of its
details on the occason of his memorable observation a the
Cae of Good Hope It has ever snce atracted the
attention of every astronomer who has been o fortunate as
to be able to point the telescope in its direction.

§ 170. Great Clusters in Hercules and Perseus.
In our Northern hemigphere the mog remarkable of these
gobular dugers is that in the congdlation of Hercules
This beautiful cdlestid object has been here represmted in
a good photograph taken by the late Mr W. E. Wilson
at his om Obsxvaoay in Westmeath. There is dso a
uperb object of the kind in the svord handle of Perseus
In this case there are two groups of dars dose together,
and when a powerful tdescope is employed the multitude
of these gars and their intringc lusre combine to fam
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a most wonderful spectacle. This object and the region of
the Milky Way surrounding it is here shewn. The photo-
graph from which this picture of celestial scenery is
reproduced was taken by Prof. E. E. Barnard at the
Lick Observatory, California.

8§ 171. The Pleiades. A very wdl-known sar-
cluster is the famous group known as the Pleiades, From
the very earliet times this beautiful asterism arrested
attention. It was clearly not the result of chance that
a number of conspicuous stars should be so closdly as
sociated. It can easily be shewn that if all the gars in
heaven had been scattered quite at random over the skies,
the probabilities would have been very many millions to
one against the occurrence of a collection of stars like the
Plelades in the positions where we actually find them. It
is hence impossible to refuse to accept the belief that the
sarsin the Pleiades must belong to some organised system.
They are undoubtedly a group of associated bodies owning
probably a common origin and with many common features
in their structure.

The interest with which this famous constellation was
always regarded became greatly increased when by the
extension of our knowledge we began to learn something of
the sizes and weights of the different bodies of which it is
composad.  So long as the stars were thought to be merdy
little objects not possessing any great intrinsic brightness,
there was no reason to regard the Pleiades with greater
interest than belongs to a collection of celestial gems
arranged with exquisite beauty of detail. But when it
was realised that the group in question was in truth a
collection of globes sunlike in dimensions and lustre, the
true importance of the Pleiades became recognised.

The individual stars forming this cluster have long
engaged the attention of astronomers. First and most
brilliant among them is that known as Alcyone, it is a star
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of the third magnitude. Besides Alcyone there are five
other important stars in the constellation. The brightest
of these are known as Electra and Atlas, each of which is
of about the fourth magnitude. In the descending scale of
lustre we have Maia, near the fifth, Merope and Taygeta
are much about the same. The seventh star of the
Pleiades is Celaeno; it is only occasonally to be seen with
the unaided, eye. Acute vision will, however, shew many
other sars in this famous group. Some observers gifted
with exceptional vision have been able to see twelve of the
Plelades. No doubt there are quite this number of stars
in the group bright enough to be visible to most ordinary
eyes, if they were presented as isolated spots on the dark
Ky, but the fact that the Pleiades is so crowded increases
the difficulty of discriminating the fainter points.

With the dightest telescopic power the number of
visble Pleiades is seen to be enormoudy increased. No
less than sixty-nine stars can be seen with a very small
instrument which can easily be held in the hand. But it
must not be supposed that the number of gars just
referred to includes all those in the group. Ther number
isindeed vastly greater. With every increasein the power
of the telescope more and more stars are brought within
therange of vison. And what the most powerful telescope
is able to render visible to the eye is vastly transcended
by the results obtained by taking a photograph of long
exposure.  The brothers Henri, in Paris, have obtained
more than two thousand gar-images on a single plate
directed to the Pleiades. Nor isthere the least reason to
think that the full tale of gars in the group has been
even yet ascertained. Each increase in the sengbility of
the plate or in the duration of its exposure invariably
brings with it an increased number of the stars which are
represented.

We shall explain in 8§ 185 how the distances of the
B. A. 1
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dars are determined. It will however frequently happen
that the stars are so remote that the method becomes
ingpplicable.  All we can then do isto determine a certain
minimum distance which we can say is certainly exceeded.
And in this case al we know about the distance of the
Pleiades amounts to the statement that this group must be
millions of times as remote from our Earth asisthe Sun.
This leads to a very interesting conduson. We can
edimate what the brightness of our Sun would be if it
were transferred to a distance such as that which we know
must be at least the distance of the Pleades. It ssems
pefectly certain that under such circumstances the Sun
would send us less light than the very faintest Pleiad
which the keenest eye can detect. We do not indeed
assart that the Sun is larger than every one of the two
thousand and upward stars of which the Pleiades is com
possd. It is however certain that Alcyone and probably
some of the other brilliant gems of the congelation must
be hundreds of times more lustrous than our own orb of
day. A planet revolving around Alcyone in an orbit as
great as that which Neptune, the outermost of our planets,
describes around the Sun, would only circulate through
a whally indggnificant portion of the mighty cluster; so
dose indeed would it gppear to Alcyone that, even if it
were a bright object like Alcyone itsdf, a good tdescope
would be required to see the two objects apart.

§ 172. Spectra of the Stars in the Pleiades.
Modern spectroscopic research has brought evidence of a
very striking character to hew the common origin and the
common physca character of the stars in the Pleades.
It is known of course that the light in the spectrum of a
star is eminently characterigtic of that star. Indeed it is
doubtful if any two stars in the heavens would meanifest
exactly the same spectrum if we were able to see al the
lines that the spectrum of each contaned. Professor
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E. C. Pickering, who has devoted himsdf with such sKill
to the study of the spectra of the stars, has examined the
light which is emitted to us from the principal stars of the
Plelades. It has been found that their spectra are sub-
stantially of one type. This is a confirmation of the
statement that the gtars in the Pleiades forom an associated
group.

8§ 173. Nebulae. Thereare a number of objects in
the heavens which are termed nebulae. One or two of
these are visble to the unaided eye, but others, to the
number of some seven thousand or more, require telescopic
powe and often telescopes of very high power indeed.
Many of these objects are strictly gaseousin their character.
By the method of spectrum analysis it has been shewn that
they contain hydrogen as wel as, in all probability, certain
other substances.

One of the most remarkable of these objects is wdll
known to every agtronomical observer. This is the Great
Nebula in the Swordhandle of Orion which seems to be
a huge chaotic mass of glowing gas. Although this object
has been under observation for 200 years and much has
been written on the phenomena it presents, yet we are still
a very long way indeed from a complete knowledge of the
conditions under which it exists.

We here reproduce a remarkable photograph taken by
Mr W. E. Wilson. Thisisthe" Dumb-bel" in Vulpecula.
In it we see an approach to a symmetrical form, the mass
being bounded at its northern and southern limits by
approximately circular arcs of increased brightness.

In the congtellation of Andromeda a faint patch of
indistinct brightness can just be detected with the naked
eye on a clear night. Thisisthe Great Nebula in Andro-
meda and is the only true nebula which was known before
the days of the telescope. This has always been one of
the most interesting telescopic objects of its class in the

11—2
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heavens, but certain features were never properly under-
stood until the photographic plate was gpplied by Dr Isaac
Roberts to supplement the powers of the human eye.

Then it was seen that it condsted of an enormous mass
of glowing materid surrounded by separate rings of a
similar, but less intensdy, bright gopearance We seam
to be looking down obliqudy on the plane in which the
rings are arranged so that they gppear to be projected into
somewha dongated dlipses. A photograph of this nebula
shewing dso Holmes Comet was taken by Prof. Barnard
on Nov. 10, 1892, and is here reproduced.

Adronomers have not yet succeeded in determining
how far from the Earth this wonderful object must be, and
consequently it is impossble to say with any pretence to
precison what its dimensions can be. But we may set a
lower limit beyond which it must lie, dnce otherwise it
would have aforded evidence of an annua displacement
which would have enadbled us to measure its disgance. We
may thus with confidence say that the great nebula in
Andromeda is at least 100,000 times the Sun's distance
from us. From the apparent Sze of the object as seenin
thesiw we know that its exterior diameter cannot be less
than Y5, part of its disance. Hence it fdlows that this
nebula must measure at |east 400,000 millions of milesfrom
Sdeto Sde, or more than 70 times the diameter of the orbit
of Neptune. Thisisthe very lowest estimate, and we should
probably not be erring on the sde of excess if we Stated
that the true dimengons are quite ten times as much as
the figures given.

Ore of the mogt interesting discoveries recently made,
in connexion with nebulae, has reveded to us that myriads
of these objects, including indeed the very greatest nebulae,
are totaly invisble. They are not to be ssen by the
eye even with the hep of the best tdescopes, and can
only be discerned by the photographic plate. A remarkable
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instance of a nebula of this kind is presented in connexion
with the group of stars in the Pleiades. When a photo-
graph is taken with an exposure of not less than an hour, a
nebula with consderable luminous density and of enormous
volume is seen to cover the whole group of sars. The
nebula is, however, of very variable brightness in different
parts of the cluser. When such a plate as thiswas first
taken it was hard to read aright the tale that it unfolded.
It might at first be natural to attribute the phenomena
revealed on the plate to some blemishes in the process of
devdopment, or to some accidental disorder in the plate
itsdf. But when one photograph after another displayed
precisdy the same luminous configuration, when telescopes
of very varying sizes invariably reproduced the nebula
with the same general characterigtics, when the nebula was
alike apparent on photographs obtained by telescopes which
refracted, and by telescopes which reflected, then it became
manifest that the observed phenomena could not be ex-
plained away as arising from any accidents in the operation
or from any defectsin the plate.

The lesson that we thus learn with regard to the
Plelades is very ingructive. If the evidence had seemed
insufficient to convince us hitherto that these stars really
congtituted a group bound together by physical bonds, the
facts now brought forward would have dispelled such a
notion. The nebula includes within its mighty compass
the gstars of the Pleades. It would be difficult to
suppose that this nebula was an isolated volume of vapour
which happened by some chance to be located directly on
the line connecting the Solar System and the Pleiades. It
would not be reasonable to suppose that the great fire-
cloud had been casually projected on a remarkable group
of gtarsin the background. It would be just as unreason-
able to suppose that the group of stars has been casually
projected on the great nebula stretched as a curtain behind



166 Astronomy

it. We cannot withhold our assent from the belief that
the nebula and the group of stars together form one
majestic object in the firmament.

§ 174. Double Stars. It frequently happens that
a star which to the unaided eye would appear as a single
object is shewn in the telescope to consist of two stars
close together. These objects are known as double stars,
and their number is such that it is almost impossible to
suppose that the contiguity in which they lie is always, or
even frequently, accidental. Everyone who is accustomed
to use a telescope is familiar with many of those double
stars, which form indeed some of the most interesting tele-
scopic spectacles that the heavens have to shew.  Some of
these are easy objects, that is to say, a very moderate
degree of telescopic power will auffice to demonstrate the
astonishing fact that the star, which to the unaided eye
looks like an ordinary star consisting of a single globe,
is in reality a pair of associated globes, so close together
that the eye is not able to distinguish them separately
until the magnifying power of the telescope has been called
into requisition. In many cases these pairs of stars are so
close together that a demand has to be made on the very
highest powers which can be applied to the telescope in
order to exhibit the two objects as separate points. Indeed
it is well known that the criterion of the performance of a
telescope is generally given by the capability which it shews
for dividing the two components of a double star. We
may give one illustration to shew the apparent proximity
in which the two components of a double star will some-
times lie in the heavens. A good telescope, such as can
now be found in all public observatories and in many
private hands, will auffice to separate two nearly equa
stars if the angular distance between them be one second.
With the help of telescopes of the very highest class pairs
of stars which lie much closer still can be separated.
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Of course it will be understood that when we speak
of the proximity of the two components of a double star
we mean that they appear very close together on the sky
and the distance by which the pair is separated from the
terrestrial observer .must be borne in mind. Even the
closest pai: which has ever been separated by the most
powerful telescope must still have a distance of many
million miles between its components. Indeed we know
that if an observer on one of these stars could perceive
the Earth, the distance between it and the Sun would
appear to him, from the position in which he is placed,
quite as smal as do the apparent distances between
the two components of many of the double stars appear
to us.

We should, however, mention that many of the pairs
of objects, which are usualy spoken of as double stars, are
not to be regarded as forming systems of the same character
as those which we have been here describing and which are
known as binary systems. It may of course happen that
two stars which are in no way connected lie so nearly in
line with the Earth, that when viewed from the Earth they
appear close together in the sky, though as a matter of fact
one of these stars may be ten times, or a hundred times, as
far from us as the other. Objects of this class are not
spoken of as a binary pair. Their proximity is merely
casual, depending on the accident that the line joining
them is directed towards the Earth. Such pairs of stars
are of course not physicaly related, but it is often not easy
to distinguish such pairs from genuine binaries. There is,
however, one method sometimes available for discriminating
between a pair of stars which are merely optically double,
and a genuine binary pair. Aswe have mentioned already,
many of the stars of all classes are animated by what are
called proper movements. As each such star is borne along
it drifts relatively to the other stars which happen to lie
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contiguous to its track. In the course of many years a
star endowed with condderable proper motion may thus
drift avay from another star which ssamed origindly to lie
dosetoit. If however the two members of apair of stars
were physicaly associated, then in the drift of one it would
necessarily be accompanied by the other and the two would
thus drift in company relatively to the other stars in the
vicinity. In this way we are often provided with a criterion
by which a binary star may be digtinguished from a pair
which is merdy opticadly double.

§ 175. Binary Stars. In the case of a genuine
binary pair, of which the stars not only seam to be, but are
in fact, dose together—close that is to say as compared to
the distance by which we are separated from them,—they
revolve about eech other in consequence of their mutual
attraction.  The movements are indeed conducted in con-
formity with Kepler's laws, and in the case of some of the
more rapidly moving binaries it is extremdy interesting to
watch the way in which the relative podtions of the two
dars are observed to ghift year after year. By making a
series of measurements of their relative podtions, we are
frequently enabled to determine the track of one of these
objects around the other, and to ascertain the number of
years in which its revolution is accomplished. In some
cases the period in which the stars revolve does not exceed
Sx or seven years.  In other cases, howeve, the periodic
time mounts up to centuries.

§ 176. Mass of a Binary. One of the mog
interesting consaquences that can be deduced from obser-
vaions of the binary stars is the determination of the
masses of the stars forming such a pair.  If we know the
dimendons of their orbits aswdl as the periodic times in
which the revolutions are accomplished, we are able to tell
the masses concarned in the attraction, just as we are able
to find the mass of the planet from the revolution of its
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satellite.  In order to obtain the actual Sze of the orbit we
must know the distance of the pair from the Sun, and as
thisis known for only avery limited number of stars, this
method is not a present of very wide gpplication. Seaing
that the stars are suns we naturally desire to utilize the
information 'hus gained to make a comparison between the
mess of the stars and the mass of our omn Sun. The
circumstances of a few binary stars permit us to determine
their weights.  Some of the binary stars are found to be
about equal in weight to the Sun while others are by no
means 0 heavy. Mary are, however, far heavier than the
great orb. We may in fact regard our Sun as a star of
average magnitude, in so far a least as the information
given to us by double stars is concerned.

§ 177. Colours of Double Stars. A beautiful
festure connected with the double stars is found in the
circumgance that the component orbs are frequently tinged
with different hues. In many cases the tints of the two
stars are beautifully contrasted, and sometimes the colours
may be sad to be complementay. Among the mog
famous of coloured pairs is the object known as Beta in
the congelation of the Swan. One of its components
posseses a beautiful topaz colour, while the other is of an
emerad hue. Indeed in severd cases the lesser of the two
components of a double star displays a bluish or a violet
tinge, and this is the more remarkable when it is observed
that, unless in associdion with another star forming a
binary pair, blue stars are amost unknown.

§ 178. Triple Stars. Much additiona interest is
often imparted by the circumstance that one of the two
components will itsdlf be found to be a double star.  There
is a famous pair of this dass in Andromeda (Gamma
Andromedag), the amaler component of which possesses an
exquiste blue colour. By a very good telescope this
component can be itsaf resolved into two little blue sar?
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so close as to be incapable of being distinguished separately
by any instrument which is not first-rate.

§ 179. Multiple Stars: In many cases there are
severa stars associated in one system, and the complexity
of the movements in groups of this kind would beffle the
skill of the most consummate mathematician. Up to the
present, however, mathematicians have had but little
opportunity for even attempting to investigate the me-
chanical subtleties of these elaborate stellar systems.  Not
until many more observations have been accumulated will
it be possible to attempt any investigations of this kind
with hopes of success.

§ 180. Spectroscopic Binaries. One of the most
striking discoveries which has been made in connexion
with double stars in recent years teaches us that there are
multitudes of binary pairs whose components are so close
together that there is not the slightest chance of our ever
being able to see them separately, even if our telescopes
were hundreds of times more powerful than those which
are at present available. That certain stars, which al our
telescopes would shew as single, must be double in reality
has however been demonstrated from the fact that when
the light received from them has been passed through the
spectroscope to a photographic plate it gives unmistakable
evidence of having emanated not from a single source but
from two contiguous bodies in rapid motion relatively to
each other. This is shewn by the fact that certain lines
in the spectrum present themselves as double when one
of the stars is approaching and the other is receding, while
when both stars are moving across the line of vison the
two lines coincide. In this manner it has been demon-
strated that there are pairs of suns so close together that
they revolve around each other in afew days, and from an
examination of a sufficient series of such photographs it
has been possible to learn the dimensions of the orbit in
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which these components move as wdl as their periodic
times and thus to ascertain their weight.  This branch of
research is at present merdy in its infancy, but it ssems to
indicate that numbers of objects which still gopear to be
merey dngle stars must ultimately disclose themsdves as
double.



CHAPTER XV.
CAUSES AFECTING THE APPARENT ALACES OF THE STARS

§ 181. Aberration of Light. Beddes the diurna
movemean of the sars, there are other apparent movements
which are of the utmost importance dike in the Theory
of Adronomy and in the wak of the Observatory.

Ore of the most important is that which was discovered
in 1726 by the illustrious adronomer Bradley from his
obsarvations of the star y Draconis. It folowed from his
sudy of that dar, that it ssemed to describe a amdl
dliptic path on the surface of the heavens. The length
of the axis of the dlipse was about forty seconds of arc, and
the period required to complete a circuit wes one year
exactly. Further study shewed that other stars had smilar
movements. A star at, or near, the pole of the ecliptic
moved in acircular track.  Asthe podtion of the star was
nearer to the edliptic, the dlipse became more and more
eccentric until in the case of a star actudly in the ecliptic
the movement of the star was no more than an oscillation
to and fro in a straight line. In every cae however the
length of the mgor axis was the same, i.e. 40". In evary
cae the mgor axis was pardld to the edliptic, and in
evary cae the period is exactly one year.

These circumstances pointed out that an explanation of
the agpparent movements must be in some way connected
with the annual motion of the Earth in its orbit.
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By a happy stroke of genius Bradley saw what the
explanation must be, and his discovery is referred to as
that of the aberration of Light.

Light travels at a speed which is about 186,000 miles a
second, i.e. about 10,000 times as fast as the progress of the
Earth in its orbit. If the velocity of light had been
infinitely greater than the velocity of the Earth, then the
telescope pointed to the apparent place of the star would
be pointed to the true place. As however the velocity of
light is not infinitely greater but only 10,000 times greater
than the velocity of the Earth in its track, the telescope
directed to the star has to be directed to a neighbouring
point between the true place of the star and the point on
the celestial sphere towards which the Earth is at the
moment urging itsway. This apparent shift in the place
of the star can be shewn to produce all the phenomena
observed under the title of aberration.

§ 182. Precession of the Equinoxes. In con-
nexion with the places of the stars we have to consider
the phenomenon discussed in § 104 which is known as the
precession of the equinoxes. We have seen how the right
ascension of a star is to be measured by the angular
distance between the great circle passing through the
pole and that star, and the great circle passing through the
pole and the equinox. Let us suppose that observations of
this kind are repeated from year to year, and to take a
particular case, | shall suppose that of the star Sirius. If
the right ascension of Sirius be determined year after year
it will be found that the right ascension increases at the
rate of 2'65 seconds per annum. This increase is not
quite uniform. But that is its average amount, and the
increase is continually going on in the same direction.
If we take a considerable period of time as an illus-
tration, then we learn that in a hundred years the right
ascension of Srius is increased by 265 seconds, that is
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by over four minutes. Now this movement must be
due to an alteration either in Sirius or in the equinox,
for we have said that the right ascension is the angle
which Sirius and the equinox subtend at the pole of the
celestial sphere. It is however found by comparing Sirius
with other stars that Sirius remains practicaly stationary
with regard to them, and hence we are assured that the
vernal equinox must be itself in motion amongst the stars.
The tendency is always for the right ascension to increase,
which shews that the vernal equinox is always receding a
little, so as to make it ever tend to come earlier and
earlier on the meridian. This is the phenomenon which
we cal the precession of the equinox. | have men-
tioned the star Sirius, but a like result would have
been obtained by considering the movements of any
other star. In short all the stars would agree in shewing
that there was this continuous movement constantly
bringing the equinox around amongst the stars from east
to west.

The equinox is however defined to be the point in
which the ecliptic and the equator intersect each other.
If therefore the equinox is in motion this point of inter-
section of the ecliptic and the equator is in motion. It
therefore follows necessarily that either the great circle
which we call the equator, or the great circle which we call
the ecliptic, or it may happen to be both those circles, is in
movement. Let us consider which of these three supposi-
tionsis the case. So far as the ecliptic is concerned we are
assured that it has not any motion which will avail us for
explaining the phenomenon in question, for the distances of
al the stars as measured from it are found to remain prac-
tically unchanged. The track of the Sun as laid down
through the stars does not alter appreciably. We are
therefore reduced to attributing the movements known as
precession to a shift of the equator along the ecliptic.
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§ 183. Change in the Obliquity. With regard to
the movements of the equator it may alter either by
simply rotating around on the ecliptic, constantly pre-
serving the same angle of inclination thereto, or it would
be possible for the equator to alter its obliquity to the
ecliptic, or it would be possible for the equator to have
movements of both kinds. It is certainly demonstrated
that the obliquity of the ecliptic does not greatly alter.
The obliquity is determined by measuring the polar distance
of the Sun at midsummer and subtracting that from ninety
degrees, and it is found that the obliquity, though not
absolutely constant, still varies very dlightly. Its changes
in a period of twenty years would not amount to a seven-
thousandth part of its total value. We may therefore
from our present point of view treat the obliquity of the
ecliptic as a constant quantity. We are therefore led to
the conclusion that the precession of the equinoxes must
be due to the movements of the equator around the
ecliptic. A further examination shews that the amount
of the precession is 50'24 seconds of arc annually. Thisis
the annual change in the position of the intersection of the
equator with the ecliptic measured aong the ecliptic.
This movement is no doubt a dow one, for it is easy to
shew that a period of very little less than twenty-six
thousand years must elapse to enable the equinox while
moving at this rate to make a complete circuit of the
ecliptic.

8 184. Precessional Movement of the Pole. We
can appreciate more clearly the nature of this movement
by thinking of the pole of the equator, that is, of the
celestial pole of the heavens, rather than of the equator
itsdf.  Since the angle between two great circles is equal
to the angle between their poles, it follows that the distance
of the pole of the ecliptic from the pole of the equator
is equa to the obliquity of the ecliptic. As the ecliptic is
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a fixed cirde, so the pole of the ecliptic is a fixed point
amongs the stars. And as the obliquity is congtant it
fdlows that the pole of the equator must be describing
a smdl cirde on the cdegid sphere around the pole of
the edliptic as its centre.  The radius of this circle, that
is the obliquity of the ecliptic, is 23° 27' 8', and the
pole completes its revolution around the circle in a period
of about twenty-six thousand years.

Notwithgtanding the downess of this mation, it is yet
cgpable of producing mogt striking effects on the arrange-
ments of the congtelations relatively to the pole, as may be
sen from Fig. 23, which represents the path of the pole

Fig. 23. Preoessional Movement of the Pole.
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among the congédlations. For ingtance, at present the
gar of the second magnitude which we call the Pole Star is
within a degree and a quarter of thepole. But the nearness
of the star and the pole is merdy fortuitous. The poleis
constantly moving on, and at present it so happens that
the pole of the heavens is approaching the Pole Star. Ina
couple of centuries the Pole Star will in fact serve its
purpose even still better than it does at present, because it
will be within half a degree of the true pole. After this,
however, the true pole will begin to separate from the
Pole Star, and it may be mentioned that in about twelve
thousand years the pole will have advanced to the opposite
dde of the circle which forms its orbit, and it will then
have advanced to within about five degrees of the bright
gar Vega, which will accordingly serve as a Pole Star for
many of the purposss for which our Pole Star is used at
present.

§ 185. Annual Parallax. Connected with the
annual movement of the Earth around the Sun is the
phenomenon of annual parallax which is displayed by some
of the gars. Seeing that the Sun's distance is about
ninety-three millions of miles, it follows that an observer
on the Earth who views a star on a particular day and again
on this day six months does so from the opposite ends of a
line which is a hundred and eighty-six millions of milesin
length. So great a displacement in the position of the
observer might be expected to carry with it a corresponding
displacement in the apparent direction of the ars. If no
great displacement can be perceived in the place of the
gar then all that can be said is that the distance of the
dar is so vast that the diameter of the Earth's orbit is
merely an inconsiderable magnitude in reference thereto.
Thisquestion hasbeen studied very car efully and laborioudy,
because it provides us with the only possible means of
solving the problem of the determination of the distances

B A. 12



178 Astronomy

of the stars. We are to imagine a triangle whereof the
vertex is a star and the base a diameter of the Earth's

0

orbit. The observer when he is at one end of that diameter
measures the angle between the Sun and the star.  When
he is at the other side of the orbit he measures again the
angle between the Sun and the star. The length of the
base being known and the two angles of the base being
determined, then the solution of a triangle ought to give
the position of the star.  Such is in outline the method for
determining the distance of a star. If, however, it so
happened that the distance of the star was enormoudy
great, then this triangle would be a very ill-conditioned
one. The two sides of the triangle would be nearly
paralel and the observed angles would be very nearly sup-
plemental. Under such circumstances a minute error in
observing the angles would entail an enormous difference
in the concluded distance of the star. This is just the
difficulty that arises. The stars one and all are so far df
that even under the most favourable circumstances the
two long sides of this triangle are each at least two
hundred thousand times as long as the base. Nor does
the difficulty end here. The direct measurement of the
angles from the Sun to the star is attended with such
practical difficulties that it would involve errors very much
larger than the third angle of the triangle, and consequently
this method would break down.

But by a modification of the process it has been found
possible in several cases to determine the distances of stars.
Let us suppose that we have two stars apparently close
together, that is to say, lying within the same field of the
telescope, but that in reality one of these stars is very
much more distant than the other, suppose ten times as
far. The change of the place of the observer from one end
of the diameter of the Earth's orbit to the other will affect
the places of both of these stars. But it will affect the
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nearer of the two stars, let us say, ten times as much as it
will the more remote. In fact we may for the present
consider that the remoter star has not moved at al and
that the relative displacement has to be entirely attributed
to the nearer of the two stars. The astronomer will
therefore carefully measure the angle between the two stars
which we have supposed to be visible in the same field of
view in his telescope. This is one of the astronomical
measurements which can be conducted with a very high
degree of accuracy. We shall suppose that the measure-
ments are repeated six months later, by which time the
astronomer has been carried to the opposite diameter of
the Earth.

In the adjoining figure (Fig. 24) the remoter star is
supposed to be so far of that the lines,

AS, and BS,, drawn to it from two positions o h
of the Earth at opposite sides of its orbit are
indistinguishable from a pair of parallel lines.
The nearer star, whose distance we want to
measure, is represented at S;. Then when o
the Earth is at A we measure the small
angle SAS, and when at B, six months
later, we measure the small angle SBS.
Now since AS; and BS; are supposed to be
sensibly parallel it follows that the angle
AOB =S5,BS, But the angle

AS, B=A0B-SAS,

wherefore ASB = Sig-SAS. Thus we see that the
angle ASB is determined.

But this angle is the angle subtended at the star by
the diameter of the Earth's orbit, and it is a smple
calculation to find out how far off the star must be placed
in order that a line 186 millions of miles long should
subtend an angle at it equal to that value which we find
for ASB. 12_2

Fig. 24.



180 Astronomy

For example, if we found that on the 21s June
S ae= 45", and on the 21t Dec. that S =47, then
of course ASB = 2". But it can be eadly shewn that in
an isoedes triangle whose vertical angleis 2" the Sdes are
103,132 times as long as the base.  Therefore the star in
this case must be 103,132 x 186,000,000 miles, or more
than 19 hillions of miles avay.

Haf the angle AS,B, or the angle subtended at the
star by the radius of the Earth's orhit, is cdled the star's
annual parallax.

Of course the triangle ASB will not generdly be
isoxedes, as we have assumed for convenience of explana
tion, but cadculation will endble the parallax to be found in
other cases

It may be remarked that no star has been found to
have a pardlax as large as 1", as we have supposed, from
which we conclude that no star exists within a distance of
19 hillions of miles of the Sun. The nearest star yet found
is dtuated a a distance of 25 hillions of miles.

The great mgority of the objects which we see esch
night are a distances so great that they have not bemn
determined. In most cases indeed there is little hope of
determining them. This condderation gives us an im
pressive notion of the scde of the Sidered System.



CHAPTER XVL
CELESTIAL OBXECTS

§ 186. The Northern and Southern Maps. To
ad the beginner in identifying the different constelations
and finding the names of important stars we give two mgps
on which many of the leading celestid objects are repre-
sented.  These maps are cdled respectively the Northern
Heavens and the Southern Heavens.

It is convenient for our present purpose to divide the
aurfece of the celestid gphere into twenty parts here termed
Regions.

A drde desribed round the North celegtid pole as
centre and with a radius of 25° includes every star of
which the North Dedlination exceeds 65°. The area of
this circle constitutes Region 1 as shown on the Northern
map.

The zore of the cdedid sphere from 65° to 20° of
North Dedlination is divided into sx equal Regions as
shown in the Northern map.  These Regions are severdly
designated by the numbers 2, 3, 4, 5, 6, 7.

The equatoria zone of the celestia spherelying between
20° of North Declination and 20° of South Declingtion is
divided into six equa Regions severdly designated by the
numbers 8, 9, 10, 11, 12, 13. Thesxe Regions are shown
both on the Northern map and the Southern map but with
a difierence in their presentation.



182 Astronomy

The zore of the cdegid sphere from 20% to 65° of
South Dedination is divided into sx equa Regions as
shown in the Southern map and these Regions are severdly
desgnated by the numbers 14, 15, 16, 17,18, 19.

Findly a cirde described round the South celegtiad
Pole as centre and with aradius of 25° includes every star
of which the South Declination exceeds 65°. The area of
this cirdle constitutes Region 20 as shown on the Southern
map.

Thus Regions 1—13 are in the Northern magp and
Regions 8—20 in the Southern map, the six equatoria
Regions 8—13 being common to the two maps.

It will be noted that each equatorid region is inverted
on either map when compared with the same Region as
shown on the other map.  To explain this we shdl give an
illustration from Region 9, which contains the congdla
tion Orion.

An obsaver in Great Britain or Canada sees Orion due
south a 10 pm. locd mean time in January. He notes
Betdgeuze on the upper side of Orion and Rigd on the
lower sdewhile Sriusis to the East which isthen on the
left of the obsarver.  Thus the heavens are represented in
the Northern map.

If we imagine the observer to be travelling southwards
with the quickness of thought he will find Orion dimbing
higher and higher in the heavens. When the observer has
reached the Equator the Belt of Orion will bein his zenith.
Pressing onwards and till facing south the observer enters
the Southern Hemisphere and as he advances Orion will be
descending towards the north part of the horizon. Let us
suppose he has reached the south temperate regions and
now desires to see Orion; it is behind his back. He turns
round to face the North, There is Orion, but its position
appears inverted.

It is plain that the observer must find that the star
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Betd geuze which was on the upper side of the congellation
as he viewed it from the Northern Hemisphere is now on
the lover dde of the congdlation, while Rige which
originaly appeared on the lower Sde of Orion is now pre-
sented on the upper side.  Further Sirius which had stood
to the left of Orion while the observer faced south in the
Northern Hemigphere will be found on the right side of
Orion when the observer has to face north in the Southern
Hemigphere.  Thus the map of Orion which is correct for
an obsaver in the Southern Hemisphere must be hung
updde down to meke it correct for an obsarver in the
Northern Hemisphere.  Hence we see the reason for the
difference between the Regions of the Equatoria zone as
presented in the Northern mgp and the same regions as
presented in the Southern map.

We have here assumed that in whichever hemisphere
the beginner may be placed he dready knows the congtdla-
tion Orion, for it is the most magnificent congtdlation in
the heavens.  If he knows it he will speedily identify the
neighbouring bright stars and congdlaions from their
representations on the map.

The beginner in the Northern Hemisphere will probably
know adso Ursa Mgor (which perhaps he cdls the Great
Bear or the Plough or the Dipper). From this as a base
the Northern mgp will eadly guide him to acquaint-
ance with other cegtid groups of stars.  If the beginner
is a resident in the Southern Hemisphere he doubtless
knows the Southern Cross (Crux).  The Southern map will
then endble him to make out the names of the various
objects in that part of the heavens.

But even if the beginner does not dready know any of
the congelations, we have now to show how the Northern
maep or the Southern map may guide him to a knowledge
of the principd stars and congdlations visble fram
wherever he may happen to be.  If heis in the Northern
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Hemisphere the Northern mgp will generdly affice  If
he is in the Southern Hemisphere the Southern map will
generdly auffice  If heisin or near the tropicd parts of
the earth hewill probably need both maps.

§187. Setting the map for the observer's meri-
dian. To aail himsdf to the fullest extent of either mep
the obsarver must firg ascertain the postion on the mep of
his meridian at the moment of observetion. That depends
upon the sdered time of which an gpproximate knowledge
is auffident. This can be obtained from the table given
on p. 186. The use of thistable can be best explained by
taking afev examples

1 1tis930 p.m. locd mean timein January, what is
the nearest hour of Sdered time?

We look in the table under the column headed 9 p.m.
to 10 p.m. and in the row marked "Jan." We thus find
V which is the nearest hour of Sdered time.

2. Itis 345 am. locd mean time in November. We
look in the column headed 3 am. to 4 am. The last row
but one corresponds to November and we have VIl as the
nearest hour of Sdered time.

3. Itis 11 pm. locd mean timein May. Here the
column headed 10 p.m. to 11 p.m. gives XIV and the column
headed 11 p.m. to 12 p.m. gives XV. In such caseswe dways
take the latter because when making out the stars a few
minutes later there could be no doubt that XV isright.

4. Itis 530 am. locd mean time in June, but day-
light having made the maps usdess it is unnecessary for
our purpose to give any indication of the Sdered time.

Thehours0, | XXIII are marked round the margin of
each of the maps, they show the right ascensons (p. 20) of
gtars on the corresponding meridians. It will be remem-
bered that when a star is on the meridian the Sdered time
and the right ascendon of the star are the same.  For
example the line joining the point XX on the margin of
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the Northern map to the North Pole passes near the bright
star Regulus which shows that the right ascendon of
Regulus is about X. On the Southern mep it is seen
that a line from the South Pole through Canopus meets
the drcumference between VI and VII. Theright ascendon
of Canopus  isherefore between VI and VII.

The meridian of the observer as represented on either
map isfound by drawing through the pole a the centre
the diameter which terminates at that point of the circum-
ference on which the Sdered time ismarked. For instance
at 9.30 p.m. in January the observer's meridian on either
mep is indicated with suffident accuracy by the diameter
joining V and XVII.

§ 188. How to use the maps. We shdl suppose
the obsarver is in the open air a night when the sy is
clear and preferably when the moon is absent.  His firgt
task is to identify that particular one of the Sx equatoria
regions which is visble on his meridian a the moment.
The observer should be seated at a desk on which lies the
mep illumined by a shaded lamp. He is to face south if
he is in Europe or North Americaand using the Northern
map. He is to face north if he is in South Africa,
Augtraia or New Zedand and using the Southern map.

After finding the ddered time by p. 186 from the
known loca mean time he is to adjust the map so that the
sidereal timeasmarked on the margin of the map shall be
the nearest point of the map to himself.

1. An observer in London or Toronto or Winnipeg
wants to place the map for comparison with the heavens at
845 p.m. locd meen time in March.

The Sdered time table shows that the Sdered hour is
VIII. The obsarver seats himsdf looking due south and
turns the Northern map on his dek so that the number
VIIlI on its magin is the nearest part of the map to
himsdf.
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Region 9 on the map is thus close to the observer. It
represents that part of the heavens which stretches from
the horizon directly in front of him hafway up towards the
zenith. Thus No. 9 is the equatorial region now on his
meridian. The map shows that the exceptionaly brilliant
Star is Sirius in Canis Mgjor, the bright sar: higher up
than Sirius and nearly on the meridian is Procyon. To
the right of the line from Sirius to Procyon is the con-
stellation of Orion.  Still higher the meridian enters
Region 4 in which are Castor and Pollux the bright stars
in Gemini. To the right of Gemini lies Auriga with the
lustrous Capella. Looking to his left the observer sees
Leo in Region 10 and Ursa Mgor lies between Leo and
the North Pole.

2. An observer in Australia wants to name the stars
he sees at 11.15 p.m. in October.

He places his chair so that he faces due North. As
the hour is between 11 p.m. and midnight the first line of
the sidereal time table refers him to the 9th column and
in this opposite to October he finds the number I. He is
thus instructed to place the Southern map on his desk
before him in such a way that | on the circumference of
the map is the nearest point of the map to himself; the
map is then properly adjusted.

From the part of the map nearest to him he sees that
Region 8 is on his meridian and that Aries in Region 8
and Pegasus in Region 13 are near the horizon to right
and left of the meridian. Directly in front of him the
meridian passes through Cetus. Higher up the meridian
enters Region 14 with the 1st magnitude stars Fomal haut
on his left and Achernar on his right. Phoenix is on his
meridian and two bright stars in Grus will receive atten-
tion. He will aso be able to identify objects in Regions 9,
12, 15, 19, 20 and below the pole in Regions 16, 17, 18,
though some of them will not be favourably placed.
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3. An observer dationed between Ottawa and Van-
couver wants to find the names of the dars visible at
245 am. in July.

The ddereal time table gives sdereal hour XXII;
this shows that XXII is the point on the margin of the
Northern map which should be nearest the observer as he
sits facing south with the map in front of him.

The Region 13 is the nearest to the observer on the
map and that eguatorial region is consequently the lower
part of the heavens immediately in front of him. The con-
stellations Capricornusand Aquariuslie on hismeridian and
unless heis very far to the North he will see Fomalhaut in
Region 14 (for which he will have to consult the Southern
map).

Above Aquarius he will note Delphin on his right and
the Great Square of Pegasus on his left, and still higher up
Cygnus will be on the right and Cassopeia on the léft.

4. An observer in Natal wants to find the names of
the gtars visble at 3.30 am. in February.

The ddereal time table shows the ddereal time to be
XI1l. The observer now facing north sets the Southern
map before him so that the number X111 is the part of the
map nearest to him.

Directly in front of the observer Region 11 extends
from the horizon upwards. Spicain Virgo will be noticed
as the bright gtar a little to the right of the meridian.
Above Virgo is Corvus and then across a wide tract of
Centaurus the observer sees Crux or the Southern Cross
In Region 20 near the South Pole the clouds of Magdlan
will be found: they are visble from every part of the
Southern Hemisphere. Scorpio and other fine groups will
be seen to theright in Region 18.

5. An observer in Quebec or Montreal or Egypt desires
to know when Orion will be in the best situation for obser-
vation at 10 p.m.
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The Northern map shows that V is the siderea time
when Orion comes on the meridian, i.e. the right ascension
of Orion. The sidereal time table shows that the conditions
desired will be attained at 10 p.m. in January.

6. An observer in New Zealand or Tasmania sees a
brilliant star on his meridian at 1.30 am. in August.
Find the name of that star.

The sidereal time table refers him to XXIII; this
must bernearly the right ascension of the star. Looking
at the Southern map he sees that the brightest star on the
line from XXIII to the South Pole is Fomalhaut. Thisis
accordingly the star he desires to know.

7. In what month will an observer at Cape Town see
Alpha Centauri on the meridian about midnight?

The Southern map shows that Alpha Centauri has the
right ascension XV to the nearest hour. This proves that
May is the month required, for the sidereal time table tells
us that XV is the sidereal time at midnight in that month.

8. An observer in Uganda or in other equatorial
regions desires to use the maps to identify the stars he
sees at 9.30 p.m. in August.

From the sidereal time table he finds the sidereal time
to be XIX. Asthe observer is near the Equator he will
need both the Northern and the Southern maps.

To the Equatorial observer the North Pole will lie on
the horizon and the Equator will be a great circle passing
through his zenith. Aquilawill be nearly overhead because
it lies on the Equator and its R.A. is nearly XIX and
Cygnus lies between Aquila and the point of the horizon
which contains the pole star. Far to the west is Bootes
and to the east is the Great Square of Pegasus.

The observer being so near the Equator now looks at
the Southern map. The South Pole is near the southern
horizon, Aquila is overhead and between that and the
South Pole is Sagittarius and then the meridian passes



Celestial Objects 191

between Indus on the east and Scorpio and Ara on the
west. Further to the east lie Grus and Fomalhaut and
further to the west are Lupus and Centaurus.

9. An observer in Ceylon sees Orion near his zenith
between 7 and 8 p.m. in February. Find the constellations
visible between Orion and the north, east, west and south
points of his horizon.

The sidereal time table shows the sidereal timeto beV.
The Northern map shows that Auriga is directly between
Orion and the North Pole, which is then near the horizon.
The Equator extends from the belt of Orion down to the
east point through Canis Minor and Hydra and from the
Belt of Orion to the West point through Cetus. The
Southern map shows the meridian going to the South point
through Lepus, Columba and Dorado.

10. At what times may the Pleiades be observed near
the meridian?

The Northern map shows that the Right ascension of
the Pleiades is between |11 and 1V; the sidereal time table
then shows that the Pleiades must be near the meridian in
January at 8 p.m., February 6 p.m., September 4 am.,
October 2 am., November midnight, December 10 p.m.

REGION I*. THE POLE STAR.

The Pole Star or Polaris is looked for by the help of
the two stars known as the "Pointers" in Ursa Maor
(see Region 5).  The line drawn from Beta Ursae Mgjoris
to Alpha Ursae Mgjoris and continued about five times as

" It should be gated that the Northern and Southern maps have
been basad on the series of plates contained in the author's Popular
Guide to the Heavens (G. Philip and Son). In thiswork a detailed
gar chart of each one of the 20 Regionswill be found. The positions
of each of the planets are also shown for every month from 1910 up
to theend of 1950 A.D.
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far, will end near the Pole Star which cannot be mis
taken, for there is no other bright sar in the neigh-
bour hood.

When Polaris has been identified the actual position of
the North Pole of the heavens may be obtained as follows.
A line drawn from Polaris to Zeta TTrsee Ma" aris the last
gdar but one in the tail of Ursa Magor will pass through
the Pole. The actual distance from Polaris to the Pole
is a degree and a quarter and this is one fourth of the
distance between the pointers which are five degrees apart.
Thus the pointers not only show the Pole Star but they
also provide a scale from which to judge the distance of
the Pole from the Pole Star.

Like every other star the Pole Star appears to describe
a circde round the Pole in consequence of the Diurnal
Moation though owing to its proximity to the Pole the
actual circle described by Polaris is very small.  Without
attentive observation the diurnal motion of Polaris would
escape notice.  The apparent fixity of the Pole Star makes
it a convenient approximate mark to show northward
direction.

The distance of Polarisfrom the Earth is so great that
the light it sends us though traveling at the rate of
186,000 miles a second requires at least 63 years to accom-
plish itsjourney.

Polaris is a gar of the second magnitude. It is
attended by a companion star so faint as to be quite
invisible to the naked eye. This companion is between the
9th and 10th magnitude so that it requires a telescope of
moderate power. The angular distance from Polaris to its
companion is about 19" and their relative position does not
seem to undergo any change.

The constellation Ursa Minor contains two other fairly
bright stars, namely Beta and Gamma, often called " The
Guards" The observer will note how the Guards seem to
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swing round the Pole Star which appears so nearly'fixed
and lies at the end of the tail of the Little Bear.

The constellation Cepheus contains three stars of the
3rd magnitude of which two, namely, Beta and Gamma,
are in Region 1, while the third, Alpha, is in Region 7.
This constellation is chiefly interesting for the possesson
of the dar often known as the Garng Star. It seems
to be the reddest dar visible to the naked eye in the
Heavens. The Garnet Star will be found in Region 7 as
a dar of the 5th magnitude. It lies about 5° from Alpha
Cephe on the line to Alpha Andromedae which it will be
observed is one corner of the great Square of Pegasus
(Region 2).

The congtéllation Draco winds through Region 1, but
its mogt interesting parts are in Region 6.

REGION 2. CASSOPEIA.

If the line of pointers from Ursa Mgor to the Pole Star
be produced as far again the extremity of the line will be
closeto Cassopeia. The principal stars of this congélla-
tion will be easily recognised as they form a large W.

The extreme gar on the right of Cassopeia is known
as Beta Cassiopeiae and the next star to it in the configura-
tion is Alpha Cassiopeiae.

The line from Beta through Alpha produced about four
times as far indicates the sar Gamma Andromedae which
is one of the most beautiful of all double stars. The
largest star of the pair is a topaz colour and the smaller is
of an emerald hue. If the telescope is unusually good the
emerald sar may itself be shown to be composed of two
sars.

A line from Gamma Andromedae to the nearest corner
of the Great Square of Pegasus passes about half way the
second magnitude star Beta Andromedae.  From thisthe
position of a very important object can be indicated,

B. A 13
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for a point one fourth of the way from Beta Andromedae
towards Beta Cassiopeiae will be close to the great Nebula
in Andromeda. This is the only Nebula which can be
discerned with the unaided eye. The telescope or better
till the photographic plate is needed to bring out the full
importance of this mighty object, see pp. 163, 164 and
plate facing p. 164.

While in Region 2 we must also note Alpha Arietis,
the brightest star in the first of the Signs of the Zodiac.
Aries was the constellation which did actually contain the
vernal equinoctial point (p. 18) centuries ago. But this
fundamental point is in continual motion. Its present
position may be indicated by the following construction.
When the Great Square of Pegasus is toward the South
imagine the left vertical side produced downwards to a
distance equal to its own length; from the point thus
found imagine a line drawn to the West, parallel to the
lower horizontal side of the square and one fifth of its
length. This terminates near the present position of the
"first point of Aries"; as the equinoctial point is still
termed though it has now entered the constellation Pisces.

REGION 3. CAPELLA.

The Milky Way here sweeps over the constellation
Auriga adorned by a notable star of the first magnitude
Alpha Aurigae generally known as Capdla

Capellais easily identified as the bright star which lies
half way between the Belt of Orion and the Pole Star. It
may also be noticed that Capella lies nearly in line with
the largest side of the quadrilateral figure forming part of
Ursa Mgor.

As Vega (see Region 7) is the star characteristic of
summer nights so Capella is the star characteristic of
winter nights. Capella comes to the meridian at midnight
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in the beginning of December and is then only about
6° south of the zenith of London.

Capella may be also identified by the narrow isosceles
triangle of three small stars which lies near it. These
three stars according to ancient fancy are known as Haedi
the "kids,',' Capella itself being the "goat."

The lustre of Capella is not quite so great as that of
Vega. In some other respects these two great stars are
analogous. They each have a small proper motion
amounting to about a third of a second per annum. Vega
and Capdla are nearly equally distant from the Earth being
about 1,700,000 times as far as the Sun.

One point of contrast between the two great Northern
stars may be mentioned. Vega is one of those intensely
white stars like Sirius which contain indication of a great
atmosphere of hydrogen. Capella is rather a star of the
type to which the Sun itself belongs. In this respect
Capellaresembles Alpha Centauri (Region 18) and Arcturus
(Region 6).

Capellaand Vega are brighter than any other stars in
the Northern Hemisphere. In the Southern Hemisphere,
however, Sirius, Canopus and Alpha Centauri are all more
brilliant than Vega or Capella

Capella isaremarkable binary star (p. 169). It isapair
of brilliant suns so close together that it is not likely that
any telescope will ever enable them to be seen separately.
It requires a spectroscope to show that the light from the
star comes from two contiguous but distinct sources. One
of these stars revolves round the other in 104 days. This
beautiful discovery was made independently by Professor
Newall at Cambridge and by Professor Campbell at the
Lick Observatory, Cdifornia. As the light from this pair
of stars takes about 27 years to reach the Earth we see
that at any moment the full particulars of 90 complete
revolutions must be on their way.

13—2
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Beta Aurigae is nearly on the same parallel as Capella
and south of Capella is another second magnitude star
Beta Tauri. The three form an isosceles triangle each of
the two equal sides being twice as long as the third side.

The line from Beta Aurigae through Capella produced
three times as far indicates Algol the famous variable. In
each period of 2 days Algol goes through a series of
changes by descending from the second magnitude to the
fourth and then ascending again to the second.

North of Algol across a branch of the Milky Way is
the fine star Alpha Persei. There are two famous clusters
of stars in the same constellation discernible by the naked
eye and unspeakably magnificent in a large telescope (see
p. 160 and'plate opposite).

REGION 4. GEMINI.

The constellation Cancer contains only unimportant
stars. It is however characterised by a curious star cluster
known as Praesepe, the Beehive, which is quitevisible to the
unaided eye. Praesepe will be easily identified as the hazy
looking spot between Gemini and Leo. With the slightest
telescopic assistance such as is afforded by an opera glass
Praesepe is resolved into stars.

The constellation Lynx is inconspicuous though like
every other part of the heavens it contains many double
stars and other objects interesting to the possessor of a
good telescope’.

The most important objects in Region 4 are the two
bright stars of Gemini universally known as Castor and
Pollux. It is generally admitted that Castor enjoys the
distinction of being the finest binary star (p. 169) in the
Northern Heavens. Fortunately this splendid object is

' Reference may be made to that excellent book for observers
in the northern hemisphere, Webb's Celestial Objects for Common
Telescopes,
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within the reach of tdescopes quite moderate in power.
The two components of Cagtor are of the sscond and third
magnitude respectively and they are separated by a distance
of 5. One of these stars is in revolution about the other.
But the movement is dow. Ove a century has been
required fo. the line joining the components to rotate
through 90° and the motion is not uniform.

Spectroscopic invedtigation has shoawn that the move
ments of the two bright stars seem to be complicated by the
presence of dark massss in the vicinity whose attractions
disturb the comparaivey smple movements that would
otherwise have been expected.

REGION 5. URSA MAJOR.

The most conspicuous group of starsin Region 5 isthe
congdlation of Ursa Mgar. The sven stars are marked
consecutively Alpha, Beta, Gamma, Ddta, Epslon, Zeta,
Eta Of these Zeta othewise cdled Mizar is a favourite
telescopic object.  Of dl the double stars in the heavens
Mizar requires the smalest amount of telescopic assistance.

Coma Berenices is a gathering of faint stars not dense
enough to be cdled a clugter.

Canes Vendtici contains the fine double star Cor Carali.
This object is eadly found fram the stars of Ursa Mgor by
joining Alpha to Gamma and then producing the joining
line one and a hdf times father. Another method of
finding it is given by Admird Smyth. With the svep
of the Bear's Tail as the top of aflying kite the end of the
tail of the kite is marked by Car Cardli. The geometer
will note that Cor Cardli and the three stars of the Bear's
Tail fom a quadrilateral such as could be inscribed in a
circle.

Cor Cadli is a star of the third magnitude and its
companion a a distance of 20" is beween the fifth and
the sixth magnitude. It is thus a very essy object for
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the tdescope. As the two stars have a common proper
moation it seems evident that they bdong to the same
sydem though motion of revolution has not yet been
observed.

But the mogst remarkable object in Canes Vendici is
the spiral nebula discovered by Lord Rosse in 1845, This
nebula is best shown in photographs for even the greatest
telescopes cannot digplay the spiral structure so desrly as
it is obtained in a photograph.  Through smdl telescopes
little is to be seen except two nebulae very dose together.
The famous Parsondown reflector reveded to Lord Rose
the spiral whorls uniting these nebulae.

Though the great Spird is quite invisible to the naked
eyeyet it isworth whileto point out itslocdity in Region 5.
Imagine a line drawn from Eta at the end of the tail of Ursa
Mgor one fourth of the way to Cor Caroli: the point thus
indicated shows where the great Spird is to be looked for.

It is now bdieved that spiral nebulae are scattered
ove the heavens in such profusion that they must be
reckoned in hundreds of thousands. Next to the fixed
stars themsdves spird nebulae are the mogt characteristic
constituents of the Sdered heavens.

REGION 6. HERCULES

The congellation Hercules lies chiefly in Region 6 but
a part of it which includesits brightest star Alpha Herculis
must be sought in Region 12. It there sarves as one of
the corners of the quadrangle characteristic of Ophiuchus.
Alpha Herculis is a beautiful double star with components
of findy contrasted colours one being of an orange hue
while the other is bluish-green.

Nearly midway between the stars Zeta and Eta in
Hercules lies the superb globular cluster .of which a photo-
graph is shown in the plate facing p. 159. This object is
faintly visble to the naked eye on a very dark night
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Coronais a pleasing group of stars, between Bootes and
Hercules. It isone of the fav congdlations whose name
isjudtified by its appearance.

Draco is a winding and involved congdlation. The
bright star Gamma Draconis will be found about one third
of the way from Alpha Cygni towards Arcturus. Draco
contains the mogt driking example we have of those
curious telescopic objects known as planetary nebulae. 1t
is a gndl blue globe one third of the way fron Gamma
Draconis to the Pole Star.

REGION 7. VEGA.

Lyra contains the beautiful firg magnitude star Vega
or Alpha Lyrae which is easly vigble from al parts of
the Northern Hemisphere.  Indeed Vega rises above the
horizon of every dation in the world unless the South
latitude of that station exceeds 51°.

As Vega is about 51° from the North Pole it may be
observed both a upper and at lower culmination from all
gtations in the Northern Hemisphere of which the latitude
exceads 51°.  Thus Vega at no time goes bdow the horizon
of an obsarver in the greater part of the British Ides.

There will be no difficulty in identifying this star when
Region 7 in the heavens and its representation in the map
are compared. It may however be noticed that just as two
stars in the quadrangle of the Great Bear fam the pointers
to the Pole Star so the other two stars of the same
quadrangle are the pointers to Vega The attention of
the observer should be directed to the isoscdes triangle
of which the three corners are respectively the Pole Star,
Arcturus, and Vega

At midnight about the end of June, Vega comes to
upper culmination nearly 12° south of the zenith at
London. It culminates at 10 p.m. in July and a 8 p.m.
in August. It is this which makes Vega the star of the
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ummer night.  From September till the following February
the upper culmination of Vega takes place in daylight.

Veagais three times as far from the Earth as Sirius, and
consequently if Vega were brought to the same distance
as Sirius its light would be increased ningfold.  Such an
exdtation of its lustre would make Vega appear with the
actud lustre of Sirius. Thus we may reasonably conjecture
that these two superb stars are not only aike in the
beauty of their radiant hues and in the indications they
present of immense amospheres of Hydrogen, but they
are d<o dike in their character as suns for the diffuson
of light and heat.

The distance of Vega from the earth is indeed s0 vast
that from the time its light leaves the star until it arrives
a the earth not less than 27 years have dapsed. Aswe
look &t the Star of Summer on a fine evening in any year
we e the brilliant gem not asit is & the moment, we see
it asit was 27 years previoudy, the light which now enters
our eyes has needed al that time for its journey even
though it travels 10,000 times as fadt as the earth moves
in its orbit.

It fdlows that if Vega were to be struck from existence
it would till adorn the summer skies of the Northern
Hemisphere for 27 years.  Not until al the light that had
sped on its way had reached our eyes could we become
aware that the star had vanished.

If the Sun and Vega could be placed sde by sde it
would sam that the light emitted by Vega must be
130 times that emitted by the Sun.

Lyra has many further dams to the notice of the
adronomer. Let it here auffice to mention that it presents
the remarkable double-double star Epsilon and that itsring
nebula is the mogt perfect example known of this remark-
able type of object.

Some of the richest parts of the Milky Way traverse



Celestial Objects 201

those parts of the heavens included in Region 7. The firg
magnitude star Alpha Cygni is the brightest object in
Cygnus. The same congtellation also contains Beta Cygni
an exquisite double star with contrasted colours and for-
tunately easly identified as the beak of the long out-
sretched neck of the Swan.

REGION 8. CETUS

Region 8 is one of the six equatorial regions. It is
therefore found both on Maps | and 11, as already explained.
When Map | isturned round so that Region 11 is nearest
the observer it presents Region 8 as it is shown in Map 1.

We see from the sdereal time table that Region 8 is
on the meridian about 6 p.m. in January. This showsthat
in the winter months, Region 8 can be wel seen soon after
darkness sets in. Towards the end of August Region 8
culminates at 4 am.; in September at 2 am.; in October
at midnight; in November at 10 p.m.; and December at
8 p.m.

Cetus is sometimes said to be the largest constellation
in the heavens. It is not however made brilliant or
congpicuous by the possesson of many bright stars. It
contains two second magnitude stars and nine of the third
and fourth magnitudes. Admiral Smyth advises observers
to note the gigantic W of which Alpha Cati and Alpha
Arietis form the lower points while Aldebaran the Pleiades
and Beta Persai mark the upper points.

The wonderful variable gar known as Mira Ceti liesin
Cetus. For more than three hundred years it has been
known that Mira Ceti exhibits extraordinary fluctuations
of brightness. Its changes take place in a period of about
eleven months. From being a small telescopic sar of the
ninth magnitude Mira dowly brightens up to the eighth,
seventh, sixth, magnitude in successon after which it
becomes visible to the naked eye and gradually ascends to
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the second magnitude. Indeed it is recorded that on one
occasion the lustre of Mira rivaled that of the first
magnitude star Aldebaran. Its maximum in each periodic
group of changes is reached about four months after the
rise commences. The star continues at its maximum for
nearly a month and then the decline begins. Sowly the
brightness wanes until in five months more Mira has
returned to the insignificant telescopic star of the ninth
magnitude from which it started.

Justly is this star caled Mira Ceti for the light that it
yields when at its maximum is quite 1500 times that given
when at its minimum.

Taurus is specialy noteworthy for its bright star
Aldebaran and for the interesting group known since
ancient days as the Pleiades.

REGION 9. SIRIUS.

The splendid star Sirius is, beyond all comparison, the
brightest luminary that is truly a star. It is so placed
that it can be seen at suitable seasons from the greater
part of the earth. Sirius is a glorious object from whatever
point in the Southern Hemisphere the observer may view
it. Watchers of the skies are equally fortunate in most
parts of the Northern Hemisphere. It is only a resident
within the Arctic regions who would not enjoy the privilege
of seeing Sirius to some extent.

The great star has a South Declination of 16° and it
comes on the meridian at midnight in the beginning of
January. It follows that residents in a South latitude of
16°, for example in the Kimberley division of Western
Australia, in the Northern Territory of South Australia or
in the Cape York Peninsula of Queensland will have Sirius
at the zenith, i.e. directly overhead, at midnight about
Christmas time. The same may be stated with regard
to Rhodesia. In a more Northerly part of Africa than
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Rhodesia, for example Egypt, Sirius would not pass directly
overheed, it would lie to the South but of coursemuch
higher than it is when viewed from Great Britain. In
a more Southerly part of Africa than Rhodeda, say for
example a the Cape of Good Hope, Sirius would appear
rather to the North. Sirius has a Right Ascenson between
VI and VII o that from p. 186 we s it comes on the
meridian aout 9 p.m. in February.

The Sun and the Moon, the planets Venus and
Jupiter, and perhgps an occasond comet are the only
cdedid bodies which surpass Sirius in splendour. It
has been dtated on good authority that Sirius has ben
seen by the unaided eye during bright sunshine.  The
like statement cannot be made with regard to any other
star though the planet Venus when at its best is eadly to
be s0 detected. Many obsarvers have seen Venus a 2.30
in the afternoon of a beautiful June day without any optica
aid whetever.

It may be usful to note that an obsaver in the
Northern Hemisphere will find Sirius indicated by falowing
the line of the three stars in the Belt of Orion to the left.
They point as unmistakably to Sirius as the pointers in
the Great Bear point to the Pole dtar.

An observer @ Cgpe Town or anywhere e in the
Southern Temperate region will dso find Sirius by the
three stars in the Bdt of Orion, but in his latitudes he
will look to the right of Orion instead of to the left as we
do in the Northern Hemisphere. The reason for this has
been aready explained on p. 183.

Sirius is the principal object in the not otherwise re-
markable congtellation known as Canis Mgor. From the
time of Homer down to the present day Sirius itsdf is
often cadled the Dog star.  Sirius is indicated by a dog in
various Egyptian monuments.  Its rising at the same time
as the aun in mid-summer was anciently supposed to be
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conglected with the beginning of the inundations of the
Nile.

Sirius has dways been afascinaing star if if it were only
from its beautiful scintillation of colours. The Dog star
is indeed a typicdly and intensdy white star but the
twinkling which it digolays in such a marked degree causes
it to flash forth varied tints in rapid successon.

As might be expected fraom its exceptiona splendour
Siriusis one of the nearest of the starsto the earth. Itis
nevertheess about 560,000 times as far from us as is the
aun, and the light from Sirius takes 8% years to reach the
earth. It isimpossible to doubt that if we were as near to
Sirius as we are to the Sun the splendour of Sirius would
be seen to excead greatly that of the Sun.

The surpassing lustre of Sirius as compared with other
gars dso ranked of the firsd magnitude may be redized
from the fact that Sirius sends to the Earth deven times
as much light as does Aldebaran the brightest star in the
congellation of the " Bull.” This may be borne in mind
when we are viewing Sirius and Aldebaran symmetricaly
placed on opposite Sides of the Bet of Orion. Though Sirius
gppears congantly in the same region of the heavens 0
far as mere eye obsarvations are concerned, yet when care-
ful measurement of its podtion is made with accurate
ingruments the great star is seen to be in motion and
in rgpid mation too as measured by ordinary terrestrial
standards.  Sirius has a dtately progress through space a
the average rate of 1000 miles a minute. Observation
showed that the veocity with which the star urges its
way was not drictly congtant. The fluctuations in its
velocity which were measured admitted of only one ex-
planation. They required that there must be another star

! See Star Names and their Meanings, by R. H. Allen, p. 123
(G. E. Stechert and Co., New York and London). This work is full
of interesting information and curious lore.
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or body of some kind in the vicinity of Sirius and that the
attraction of this other body disturbed the motion of Sirius.
This other body was subsequently revealed by observation.
It was, as might have been expected, indeed a star, but how
different was this disturbing companion star from Sirius
itsdf.  In mere weight there is no doubt disparity between
the two bodies. The companion of Sirius is about one-half
the weight of Sirius itself; this will however hardly prepare
us for the undoubted fact that the companion does not
possess one five thousandth part of the lustre of Sirius.
The companion is sun-like in its mass but not at al sun-
likein itssplendour. This dull companion and the glorious
orb revolve each around the other in a period of 52 years
and the two stars have together a weight about 5% times
as great as the weight of the Sun.

On pp. 182-3 we have given a general description of
the great constellation of Orion the most characteristic
feature of Region 9 as seen from either the Northern or
the Southern Hemisphere. We now add some account of
important stars in this region.

On a clear January night about 10 o'clock the observer
in the Northern Hemisphere looking Southwards has as
already explained the constellation of Orion directly before
him. A little to the right of the Belt of Orion and beow
it is the first magnitude star Rigel or Beta Orionis. The
telescope shows a small blue star close to Rigel, the two
being evidently associated by their mutual attraction. It
should aways be remembered that Rigel is one of four
first magnitude stars forming a remarkable lozenge-shaped
figure. The other three stars are Sirius, Betelgeuze and
Aldebaran and the Belt of Orion is the centre of the
lozenge.

Rigel is one of those stars sufficiently near the Equator

to be easily seen from almost all parts of the inhabited
world. It would be right overhead at midnight in early
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December to any obsarver in the northerly part of North
Eastern Rhodesia or @ Pernambuco in Brazl.

The fird magnitude star Procyon in the congtelation
of the Lesser Dog comes on the meridian about 2 am. in
the middle of December.  Procyon will eesily be recognised
by carrying on to the left the line of the two stars Bellatrix
and Batdgeuze which farm the uppermost sde of the quad-
rangle of Orion. It should be noted that the brilliant stars
Cedor and Pollux of the congtdlation Gemini lie on the
line between Procyon and the Pole star.

Verticdly bdow the middle star of the Bdt of Orion
is the Swordhandle which contains the grest nebula in
Orion one of the greatest celestia objects far the telescope
(p. 163).

The dedlination of Procyon being 5° 29' we find that it
will culminate in the zenith of an obsarver a few degrees
north of the Equator. It will be visble in January during
night time from nearly every part of the world. At the
Cage of Good Hope for example Procyon culminaes a
midnight in January a an atitude of dmog 50°.

Procyon is a double star for associated with it is a
telescopic companion which offers a remarkable contrast.
Procyon is a bright star but the companion is a very faint
dar, in fact it has been shown that the light from Procyon
is 4700 times greater than that which comes from its cont
panion. But there is another point to be noticed; the
mass of the companion is very much grester than would
be thought fram this statement. It gppears that Procyon
is only about seven times as heavy as its companion. We
are thus reminded of Sirius (p. 205).

These facts illustrate the important principle that the
lustre of stars and their masses bear no obvious relation.
In al probability there are stars invisible because they give
no appreciable light but which have masses rivalling those
of the greatest visble stars.
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REGION 10. REGULUS.

The pointers in the Great Bear which we use to indicate
the Pole Star will also help to find the constellation Leo.
The line through the pointers which in one direction leads
to the Pole Star will in the opposite direction lead to Leo,
and Leo is about as far on one side of the pointers as the
Pole Star is on the other. The group of stars which form
the important zodiacal constellation of Leo have a remark-
able configuration. The lucida of the group is a star of
the first magnitude known as Alpha Leonis or more usually
as Regulus, and Regulus is the first of a notable curve of
stars forming the head of the Lion and often known by the
designation of the "Sickle." The rest of the constellation
extends from the convex side of the Sickle to terminate in
the second magnitude star Denebola which marks the end
of the tail of the Lion.

Leo is one of the constellations through which the Sun
appears to pass in its annual circuit of the heavens. It
thus happens that on each 21st August the Sun is close
to Regulus. The second brightest star in the Sickle will
be eadily identified in the curve from Regulus. It is known
as Gamma Leonis, and is a good example of an easy tele-
scopic double star.  The larger of the two components is
of the second magnitude and the smaller is of the fourth
magnitude and three seconds distant. There is an inter-
esting contrast between the hues of the two components.
It may be a useful aid to the memory to note that
Aldebaran, Gamma Geminorum, Gamma Leonis and Dene-
bola are lying nearly on a great circle.

In the centre of the Sickle is the radiant point from
which the magnificent shower of shooting stars diverged
in November, 13—14, 1866. This shower returns with
more or less regularity and whenever it does so it is
referred to as a display of the Leonids (§ 162).
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REGION 11. AROTURUS.

Bootes (Region 6) is chiefly famous for the possession
of the first magnitude star Arcturus. The most remark-
able occason on which this star was ever observed must
have been the 5th October, 1858. The brilliant Arcturus
was then seen right through the splendid Comet of Donati
and appeared with hardly diminished lustre, though it
approached the nucleus of the comet so closdly as to be
only 20" distant.

No bright star in the heavens is more easy to identify
than Arcturus. It isonly necessary to look for Ursa Mgjor,
fallow the sweep of the tail of the Bear for a little less than
twice its length and then the eye is conducted to Arcturus.

Arcturus comes on the meridian at midnight in the
latter part of April being then about 30° south of the
zenith to an observer in England. In May it culminates
about 10 p.m. For Arcturus to culminate in the zenith
it would be necessary for the observer to be within the
tropics. It culminates very near the zenith in Suakin or
Dongola and the same may be said of the North of Hayti
or the South of Cuba. On the Equator Arcturus culminates
about 20° to the north of the zenith. It culminates a little
to the north of the zenith at Bombay and a little to the
south at Mandalay. With increasing southern latitudes
the altitude at culmination decreases but not until a
South latitude about 70° wes reached could it be said
that Arcturus had become invisible. It may therefore be
stated as approximately true that Arcturus is visible
from all parts of the Earth except within the Antarctic
circle.

Arcturus is five times as remote from the Earth as
either Vega or Capella, and since it appears as bright as
either of these stars we infer that Arcturus must have
25 times the splendour of either Vega or Capella. The
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light-giving power of Arcturus has been estimated to be
1300 times that of the Sun.

Arcturus is also remarkable for its large proper motion
which carriesit across the heavens through an arc of 2"l
yearly. The annual parallax of this star is 0" 024 and we
therefore infer that the actual speed with which Arcturus
is wending its way cannot be less than 280 miles per
second.

It is said that Arcturus is the firg sar to have been
observed in the day time with a telescope. It has even
been seen with the unaided eye before the Sun has set.

The constellation Virgo has as its most conspicuous
feature the first magnitude star called Spica or Alpha
Virginis. If alinejoining Alpha Ursae Magjoris to Gamma
Ursae Majoris be prolonged with a dight curve it will lead
to Spica. The observer should then note that three fine
gars Arcturus, Spica, and Denebola make a nearly equi-
lateral triangle. To one who desires to obtain a knowledge
of the stars the perception of large configurations like this
is often helpful.

The congtélation Serpens will be identified by its
brightest star Alpha Serpentis which lies to the left of
Arcturus. Corvus will be noted a little bdow Spica to
theright, and the two bright stars Beta Corvi and Gamma
Corvi form with Spica an isosceles triangle.

REGION 12. ALTAIR.

Aquila is characterised by the first magnitude star
Altair (Alpha Aquilae). It will assist the student of the
stars to note the sriking triangle of which the three
vertices are Altair, Vega and Deneb or Alpha Cygni (this
gar must not be confounded with Denebola in the tail of
Leo). A linefrom Vega under Beta Cygni passes near the
line of three stars which form the most conspicuous part
of Aquila.

B. A 14
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Altair is much the brightest of the row of three stars
of which it is the middle one. It is said that very in-
experienced star gazers have before now mistaken these
three stars for the Belt of Orion. In its celestial wander-
ings the Milky Way passes across a part of the constellation
Aquila. Legend suggests that at this point the celestial
Eagle is flying across the celestial river termed the Milky
Way'.

It is interesting to record that the first comet ever
discovered by the camera from the trail it left on a photo-
graphic plate was found by Professor E. E. Barnard on
12th October, 1892, in the constellation Aquila (§ 1G0).

The three leading stars of Ophiuchus form with Alpha
Herculis an irregular quadrangle at almost the same
declination as Altair.

REGION 13. SQUARE OF PEGASUS.

Lying partly in Region 2 and partly in Regions 8 and
13 is that remarkable celestial figure the Great Square of
Pegasus. A knowledge of this configuration is as useful
for the student of the stars in the Northern Hemisphere,
as is the knowledge of Centaurus for the student in the
Southern Hemisphere and the constellation of Orion for
the student of both Hemispheres. Three of the stars in
the Great Square are lettered a,a, 3, y Pegas and do no
doubt belong to the congelation Pegasus but the fourth
gtar has been, from time immemorid, reckoned as one of
the stars of the adjacent congtellation Andromeda in which
it is lettered a.

The Great Sguare is conveniently indicated by a line
from the Pole star through Beta Cassopeiae thus reaching
Alpha Andromedae.

! For the interesting legend of the Spinning Damsd and much

other quaint lore about Aquila, see Star Names and their Meanings,
byR. H.Allen, p. 58.
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About 30 gtars can be counted in the interior of the
Great Square by an observer in the latitude of Great
Britain using only his unaided eyes, but in purer Southern
skies a considerably greater number can be seen. An
observer in Athens has reckoned 102.

Delphin is a small group, which is pointed out by the
lower dde of the Great Sguare continued to the right for
a distance equal to twice the side of the Square. There
are no gtarsin Delphin brighter than the third magnitude,
but of these there are five, four of which foom a small
rhomboid that when once identified will be easly re
member ed.

To the left of Delphin and a little bdow is Epslon
Pegas of the second magnitude. This star if moved a
short distance to the right would equally divide a line from
Delphin to another remarkable little asterism in Aquarius.
These form a triangle of stars with another dar Zeta
Aquarii in the insgde. Zeta is a fine double ar, the
components of which are of magnitudes 4 and 4%

Aquarius may also be identified by the line from Vega
to Delphin if continued as far again.

REGION 14. FOMALHAUT.

This Region is of much interest as it contains one of
the brightest parts of the Southern heavens. We there
find the two firs magnitude stars Alpha Eridani or
Achernar and Alpha Piscis Australis or Fomalhaut.

Piscis Australis lies to the South of Pisces and
Aquarius. It is a small collection of stars containing
Fomalhaut as its only conspicuous object. The line from
Fomalhaut to Achernar carried on for an equal distance
in the same direction will reach the brilliant Canopus.
We have here a remarkable case, which should be specially
attended to, of three first magnitude stars in line. This
line will be found to help observers in the Southern

14—2
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Hemigphere in identifying groups of Southern stars.  Only
the firg of the three, namdy Fomahaut, is visble from
Gregt Britain.

Nearly on the line from Fomahaut to Achernar and a
little more than hdf way is a star of the second magnitude
cdled Alpha Phoenicis, because it is the Incida of the
condelaion Phoenix. The remaning stars in this little
congellation are inconspicuous.

On the left Sde of the line from Fomahaut to Achernar
lies the congtelation of Grus. It contains two sscond
magnitude stars marked Alpha and Beta, and it will be
noted that these stars are in line with Alpha Phoenicis.
We thus obsarve that the long line of three first magnitude
stars just referred to is crossed by a shorter line of three
ssocond magnitude stars.

The congdlation Sculptor conssts mainly of very small
stars. It has however one star Beta of the fourth mag-
nitude which lies nearly midway between Fomahaut and
Alpha Phoenicis. The star Alpha Sculptoris of about
equa brightness to Beta lies beween Alpha Phoenicis
and Cetus.

In the congtellation Tucana there are two bright stars
Alpha and Beta which as indicated on the mgp fom a
noteworthy configuration with Alpha, Beta, and Gamma
of the congdlation Grus.

REGION 15 ERIDANUS

The chief feature to be identified in Region 15 is the
long ceedtid river Eridanus which has its origin a
Achernar ("The End of the River") and then flows avay
from the South Pole.  The track of Eridanus is indicated
by a successon of bright stars.  An interesting group of
four stars of the fourth and fifth magnitudes may be
specidly noted. A little further on the river passes a
star of the third magnitude after which it winds still
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further North until it is traced into the Equatoriad
Region 18.

Above Achernar the course of Eridanus can be fdloved
dmog due South into the congdlation Hydrus which
must be sought in Region 20.

Eridanur. is the largest congdlation in the heavens.
It contains nearly 300 stars bright enough to be vishle
to the maked eye, though with the exception of Achernar
it possessss no star brighter than the third magnitude.

It may be useful to note that the middle point of the
line from Achernar to Beta Centauri (Region 17) is very
dose to the South Pole.

Adjacent to Eridanus is Fornax of which Alpha the
brightest star is a very fine double with components of
about the fourth and seventh magnitudes. The boundaries
of the different congtellations in this as in other parts of
the heavens are often somewhat ill defined. The star we
have just referred to is sometimes described as 12 Eridani
and appears thus to be excluded from Fornax.

Dorado (" The Gad fish™) isaline of stars of which
one reaches the third magnitude while the remainder are
inconsderable.

Columba should be noticed as a pleasing samdl triangle
of brilliants, two of which are of the third magnitude.
A line fram Sirius towards Achernar will pass very near
Columba a one-third of the distance.

REGION 16. CANOPUS
The famous congdlation Argo Navis, often cdled
amply Argo, is the characteristic feeture of Region 16.
Owing to the wide extent of Argo it has been found
convenient to subdivide the congtellation into three others.
We thus have Carina the ked, Puppis the stern, and Vea
the salls.

1 Allen, Star Names and their Meanings, p. 218,
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Nearly on the same meridian as Sirius but 36° nearer
to the South Pole shines the glorious Canopus (often known
as Alpha Argus) which is sscond only to Sirius in its
brilliance. It will be noted that neither of these peerless
orbs lies in the Northern Hemisphere.  Sirius being so
much nearer the Equator than Canopus is vidble from a
much grester extent of the Earth's surface

When Canopus culminates it just reaches the horizon
of any dation & the North latitude 37° 20. To see
Canopus the observer should accordingly be in a north
latitude some degrees bdow 37° 20. This great star is
therefore dways hidden from every European station. It
can however be seen in Winter a Cairo, and as the Nile
is ascended this celestid gem appears higher and higher
eech evening S0 that it has appropriately been caled the
star of the Nile. It derives its name Canopus from an
ancient sea-port town in Egypt 15 miles North East of
Alexandria, which is itsdf sad to have derived its name
from Canopus the pilot of the fleet of Mendausin 1183 B.C.

The two splendid stars of the Southern skies, Sirius
and Canopus, can be seen to great advantage in Sydney
and Mdbourne.  In such southern latitudes at Chrismas-
tide Sirius (see p. 203) and Canopus will come on the
meridian at midnight at such high altitudes as will display
the stars' brilliance to great advantage.  The same may be
sad of any other place of which the south latitude is about
the same, and thus Addaide, Brishane and Perth and aso
Cgpe Town, Port Elizabeth and Durban are wdl situated.
Such a display of the two mogt splendid stars as is seen
from these favoured locdlities goes far to justify the belief
that the cdegtid objects in the southern skies are more
impressve than those of our northern heavens.  Canopus,
as wdl as Sirius, is dso wdl placed for observation from
Auckland, Welington, Christchurch or dsewhere in New
Zedand and dso from Hobart and Tasmaniagenerdly. In
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the new world Canopus can be seen about Chrigmas time
from latitudes like those of Georgiaand Florida southwards.

To see Canopus near the zenith or right overhead, the
observer should be in about South latitude 52°: there are
but few attainable stations in such latitudes.

At or near Cape Horn the requisite conditions would
be found. A navigator passing through the Straits of
Magdlan at Chrigmas or shepherds keeping watch in the
Falkland Idands would find Canopus right overhead at
midnight. At the same time these observers would note
Sirius in the North with an altitude of 54°. The greater
elevation of Canopus would thus somewhat reduce the
superiority of the lustre of Sirius and an interesting
comparison of the brightness of the two celestial gems
could be made.

Canopus is certainly more than ten times as far from
the Earth as is Srius, and its light requires more than a
century to reach the Earth from the moment it left the
gar. Theintrinsic splendour of Canopus must bethousands
of times greater than that of the Sun.

REGION 17. THE SOUTHERN CROSS

This Region is noteworthy as containing two of the
most remarkable constéllations in the southern heavens,
for in it we find both Centaurus and the Southern Cross
which is generally marked Crux on the astronomical
maps.

The Southern Cross contains a number of bright stars
in a comparatively small region. It is generally consdered
to be as characterigtic of the Southern heavens as Ursa
Major is of the Northern.

The long dimension of the Southern Craoss points nearly
to the South Pole and in the other direction the line con-
tinued across Centaurus will lead to Beta Corvi. The
shorter dimension of the Southern Cross points to that
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part of the Centaur which contains the magnificent stars
which we shdl mention in Region 18.

The brightest of the group, known as Alpha Crudis, is
the nearest star of the Cross to the South Pole.  Alpha
Crucis is a Standard first magnitude star of just the same
brightness as Aldebaran and more than twice as bright as
the Pole Star.  When viewed through a telescope Alpha
Cruds is seen to be a splendid double star with components
nearly equa in magnitude and dmog five seconds of arc
apart. It is noteworthy that the relative postion of the
two stars has remained apparently without change since
the firg obsarvations in 1826. Photographs of the region
by Mr H. C. RusHl a Sydney showed that Alpha Crucis
lies in a remarkable little cluster of extremely faint stars
with which the bright star itsdf is presumably in some
physcd connection. This is an observetion of great
interest for it seams to be a unique case.

The most easterly star of the Southern Cross is known
as Beta Cruds  An attempt was made by Sr David Gill
and Dr Elkin to determine the distance of this star. The
result proved that Beta Cruds is so remote that the light
which it sends us must take centuries on its journey. To
those who have a good tdescope it is important to know
that doseto Beta Crudis is avery curious eighth magnitude
star which Sir John Herschel describes as " the fullest and
deepest maroon red, the most intense blood-red of any star
| have seen. It is like a drop of blood when contrasted
with the whiteness of Beta Crucis.”

The Southern Cross is traversed by one of the mogt
brilliant parts of that truly wonderful stream of stars the
Milky Way (see p. 160). Hereis presented one of the mogst
remarkable features in the whole course of the celestiad
river. The corruscating masses of light are suddenly®
"interrupted by a pear-shaped black opening eight degrees

1| here (quate Agnes Clarke, System of the Start, p. 336.
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long by five wide, named by early navigators the 'Coal-
Sack." This yawning excavation figures in Australian
folk-lore as the embodiment of evil in the shape of an
Emu, who lies in wait at the foot of a tree represented
by the Stars of the Cross for an opossum driven by his
persecutions to take refuge among its branches. The
legend reads almost like a Christian parable.”

Centaurus is a constellation of vast extent and contains
more brilliant gems than any other group in the heavens
either North or South. It has two stars of the first magni-
tude, one of the second, five of the third, seven of the
fourth and 39 of the fifth.

The main part of Centaurus which is contained in
Region 17 is marked by a winding chain extending from
Theta Centauri to Delta Centauri.

In Centaurus is the globular cluster Omega Centauri
nearly midway between Theta Centauri and Gamma Crucis.
Sir John Herschel says it is " beyond all comparison the
richest and largest object of the kind in the heavens." In
a powerful telescope it appears as a globe about 20 minutes
in diameter of innumerable small stars gradually increasing
in brightness towards the centre It isvisible to the naked
eye like a star of the fifth magnitude.

REGION 18. ALPHA CENTAURI.

This famous star is characterized by a notable circum-
stance. It is so far as is known nearer to the Earth than
is any other star. Alpha Centauri is only one-haf as
many miles away from us as is Sirius. But Alpha Centauri
is nevertheless at a distance which is 280,000 times as great
as that of the Sun. When we look at this star we may
reflect that the rays of light now reaching our eyes have
taken 4'4 years for their journey from Star to Earth.

Alpha Centauri, the brightest star in the constellation
of the Centaur, is within 30° of the South Pole of the

14—5
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heavens. A denizen of the Northern Hemisphere will
hardly see this star until he approaches the tropics. At
Calcutta Alpha Centauri culminates about 7° above the
horizon and may be then observed at midnight at the
end of April. In Ceylon or dsewhere about the latitude
of Colombo, this star can be seen to greater ad antage for
it culminates at the height of 23°.

An observer in the Southern Hemisphere can have no
difficulty in making out Alpha Centauri, since it may be
identified by the circumgtance that another splendid sar
Beta Centauri lies within 5° of Alpha. Such a juxta-
position of two first magnitude stars is not paralleed in
any other part of the heavens. For though the beautiful
pair so well known as Cagor and Pollux in the Northern
Hemisphere are separated by about the same distance,
namely 5° they are not equal in lustre to Alpha and
Beta Centauri.

There is no easily accessible station from which Alpha
Centauri can ever be seen at the zenith of the observer.
This would however be possibleto one who resided in the
South Shetland Isles about 500 miles south of Cape Horn.

The gars Alpha and Beta Centauri are situated in a
remarkable region of the southern heavens. At the same
distance from the South Pole lies the famous constellation
of the Southern Cross

When viewed through the telescope Alpha Centauri is
seen to be a double star composed of two bright stars so
close together that the duplicity cannot be discerned by
the unaided eye. Thelarger of the two components emits
three times as much light as the smaller, the two combined
have a lustre which is only exceeded by that of Srius or
Canopus. Alpha Centauri is one of those double stars
which is properly termed binary and the two components
revolve one around the other under the influence of their
mutual attraction in a period a little longer than 80 years
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Besides this orbital movement of each component with
repect to the others the two stars together have a
joint progressve movement by which they advance 3''7
annually. This is the largest proper motion possessed by
any bright star though certain small stars have a greater
proper movion. There is for instance one which moves
through an arc of 7' annually and another through an
arc of 8''7. Neither of these gtars is however visible to
the naked eye.

In Region 18 we also find the fine constellation Scorpio
easly recognised by its brightest star Alpha Scorpii or
Antares. The observer will note how Antares lies near one
end of a chain of second and third magnitude stars. This
congéllation isjust seen in the summer months from the
latitudes of Great Britain and it contains some of the
richest fields of the Milky Way. But it is in the Southern
skies that the full splendour of Scorpio is developed.
Antares is the ruddiest of all the conspicuous starsin the
heavens, being next followed by Betelgeuze and then by
Aldebaran.

Ara and Lupus are both inconsiderable groups of stars
to the naked eye, though like every other part of the
heavens they contain interesting telescopic objects. They
will eadly be identified from their position on Map 11.

REGION 19. SAGITTARIUS

The two mogt conspicuous stars in Region 19 are both
of the second magnitude. The first of these is Alpha
Pavonis the lucida of the congtellation Pavo. It may be
easily recognised by the irregular quadrangle of which it
forms one corner. The second conspicuous star is Alpha
Gruis the lucida of the constellation Grus which con-
stellation as a whole should be sought in the adjoining
Region 14.

The most notable configuration in Region 19 is formed
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by eight stars each about the third magnitude, and
bdonging to Sagittarius. The Milky Way is specidly
beautiful in thisregion. Near the star Ganma Sagittarius
the stream becomes condensed into a vivid mass of stars
50 that in an area of about twenty-four square degrees the
number of Milky "Wey stars exceeds 100,000, according to
Sir John Herschel's computation.

In this part of its course the Milky Way contains
innumerable objects wdl worth the attention of those
possessed of good telescopes.  There are places where the
stars are so dosdy packed together as to foom what must
bo dextribed as clusters.  Some of these are the very
striking objects known as globular clusters.  In this part
of the heavenly river there are dso Nebulae which no
telescopic powers seam capable of resolving into stars.

As to the distances of the stars forming the Milky Way
from the Earth we have little information, because the
digances are too great to be certainly discoverabdle by our
methods of messurement. But we may here record that
the late Professor Newcomb estimated that these clustering
mases of stars are so remote that the light they send us
has needed 3000 yearsfor itsjourney. Superb photographs
of the Milky Way have been obtained by Professor E. E.
Barnard at the Yerkes Obsarvatory.  Some of these display
the structure of the Milky Way as it has never been seen
by mere eye sudy even with the very finest tdesoopes.
See p. 160.

REGION 20. THE SOUTH POLE.

Finally Region 20 includes those congdlations which
lie within 25° of the South Pole. It is therefore defined
by a circle of which the South Pole is the centre. This
important point is unfortunately not conspicuoudy shown
as is the corresponding Pole in the Northern heavens.
The North Pole is clearly indicated by the proximity of
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the bright and unmistakable Pole Star. No doubt near
the South Pole there are multitudes of stars but not one of
them is bright enough to serve as an obvious labd for the
South Pole.

Four celedid objects are specidly noteworthy in
Region 20. Two of them are sscond magnitude stars,
and the third is the wondeful object in Dorado and
Mensa cdled the great Nubecula, the fourth is the lesser
Nubecula and the two objects are often gooken of as the
Clouds of Magdlan.

The two stars are known to agronomers as Alpha
Trianguli Audrais and Beta Argils. They are nearly
equidistant from the South Pole. The third conspicuous
object is the great Nubecula and it will help to indicate
the pogition of the South Pole.  This unmarked point lies
haf way between Alpha Triang. Augt. and the centre of
the great Nubecula.  We may dso note that an equilatera
triangle has its vertices at the star Beta Argus, the centre
of the great Nubecula, and the South Pole.

The Nubeculae are conspicuoudy visible to the naked
eye  Ther degrees of brightness may be estimated by the
statement that strong moonlight will totally obliterate the
lesser Nubecula but not quite the grester.

When examined through telescopes of adequate power
each of the Nubeculae shows a conglomeration of remark-
able objects unpardleled in any other part of the heavens.
In the greater Nubecula, there are 600 stars of the seventh,
eighth, ninth, and tenth magnitudes and no feme than
278 digtinct clusters of smdler stars and nebulae have
been enumerated.

There appears to be a fundamental difference in
structure between the Clouds of Magdlan and the
luminous masses of the Milky Way notwithstanding the
casud impression of their smilarity given by a naked
eye survey.



222 Astronomy

On the border of the Nubecula Minor lies a globular
cluster of gtars. It is visble to the naked eye with the
lustre of a 4% magnitude star and when viewed through a
powerful telescope has been described by Gould as " perhaps
the mogt impressive object of the kind in either hemi-
sphere” In the Nubecula Mgor there is a remarkable
Nebula (30 Doradfts) faintly vishble to the naked eye and
shown to be a magnificent object of its dass when riewed
in the telescope. 1t is no doubt a notable spira nebula.
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