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THE

STORY OF THE HEAVENS.

“Tur Story of the Heavens” is the title of our book. We have
indeed a wondrous story to mnarrate; and could we tell it ade-
quately, it would prove of boundless interest and of exquisite
beauty. It leads to the contemplation of the mightiest efforts of
nature and the greatest achievements of human genius.

Let us enumerate a few of the questions which will be naturally
asked by one who seeks to learn something of those glorious bodies
which adorn our skies: What is the Sun—how hot, how big, and
how distant ? whence comes its heat ? What is the Moon? What
scenery do its Jandscapes show ? how does the moon move ? how is
it related to the earth? What of the planets—are they globes like
the earth? how large are they, and how far off? What do we
know of the satellites of Jupiter and of the rings of Saturn?
What was the memorable discovery of Uranus? and what was the
supreme intellectual triumph which brought the planet Neptune
to light? 'Then, as to the other bodies of our system, what
are we to say of those mysterious objects, the comets? can we
perceive order to reign in their seemingly capricious movements?
do we know anything of their nature and of the marvellous tails
with which they are often decorated? What can be told about
the familiar shooting-star which so often dashes into our atmo-
sphere to perish in a streak of splendour? What do we know of
those constellations which have been from all antiquity, and of
the myriad hosts of smaller stars which our telescopes disclose ?

B
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Can it be true that these countless orbs are really majestic suns,
sunk to an appalling depth in the abyss of unfathomable space?
What have we to tell of all the different varieties of stars—of
coloured stars, of variable stars, of double stars, of multiple stars,
of stars that move, and of stars that seem at rest? What of
those most supremely glorious objects, the great star elusters?
What of the milky way ? And lastly, what can we tell of those
marvellous nebule which our telescopes disclose, poised at an im-
measurable distance on the very confines of the universe? Such
are a tew of the questions which oecur, when we ponder on the
mysteries of the heavens.

The history of Astronomy is, in one respect, only too like many
other histories. The earliest part of it is completely and hopelessly
unknown. The stars had been studied, and some great astronomical
discoveries had been made, untold ages before those to which our
earliest historical records extend. For example, the perception of
the apparent movements, of the sun and of the moon, and the recog-
nition of the planets by their movements, are both to be elassed °
among these discoveries of the pre-historic ages. Nor is it to be
said that these achievements were all of a very obvious or ele-
mentary character. To us of the present day who have been
familiar with such truths from childhood, they may now seem
simple and rudimentary ; but in the infancy of science, the first man
who arose to demonstrate one of these great doctrines was indeed
a most sagacious philosopher.

Of all the phenomena of Astronomy, the first and the most
obvious is that of the rising and the setting of the sun. We may
fairly conjecture, that in the dawn of the growth of the human
intellect this was probably one of the very first problems to engage
the attention of those whose thoughts rose above the animal
anxieties of everyday existence. A sun sets and disappears in the
west ; that sun is obviously a very brilliant body, and the simplest
reflection suggests that it is a body of .very considerable importance.
The following morning a sun arises in the east, moves across the
heavens, and it too disappears in the west ; the same process happens
everyday. To us it is obvious that the sun, which appears each day,
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is the same sun; but this would not be an obvious truth to one who
thought his senses showed him that the earth was a flat plane of
indefinite extent, and that around the inhabited regions on all sides
extended, to vast distances, either desert wastes or trackless oceans.
How could the sun, which plunged into the ocean at a fabulous
distance in the west, reappear the next morning at an equally
great distance to the east ? The old mythological account asserted
that after the sun had dipped in the western ocean at sunset (the
Iberians, and other ancient nations, actually imagined that they
could hear the hissing of the waters when the glowing globe was
plunged therein), he was seized by Vulean and placed in a golden
goblet, and thus navigated the ocean round by the north, so as to
reach the east again in time for sunrise the following morning.
Even the more sober physicists of old, as we are told by Aristotle,
believed that in some manner the sun was conveyed round over the
earth’s surface by the north, and that the darkness of night arose
from the elevation of the northern lands, which cut off the sun’s
light during his midnight voyage.

Even in very early times it was found more rational to sup-
pose that the sun actually pursued his course down below the solid
earth during the darkness of night. The earliest astronomers had,
moreover, learned to recognise the fixed stars. It was seen that,
like the sun, many of these stars rose and set in the course of the
diurnal movement, while the moon obviously followed the same law.
It thus became plain that the various heavenly bodies possessed
the power of actually going below the solid earth. Once it was
realised that the whole contents of the heavens performed these
movements, it became possible to take a very important step in the
knowledge of the constitution of the universe. It was clear that
the earth could not be a plane extending to an indefinitely great
distance. It was also obvious that there must be a finite depth to
the earth below our feet. Nay, more, it became certain that what-
ever be the shape of the earth, it was at all events something
detached from all other bodies, and poised without visible support
in space. When first presented to the mind of man, this must have
appeared a very startling truth. It was surely difficult to realise

B 2
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that the solid earth on which we stand reposed on nothing! What
is to keep it from falling ? How can it be poised, like the legendary
coffin of Mahomet, without tangible support? But difficult as it
may have been to receive this doctrine, yet its necessary truth
commanded assent, and the first great slep in Astronomy had been
made.

The changes of the seasons and the recurrence of seed-time and
of harvest must, from the earliest times, have been associated with
certain changes in the position of the sun. In the summer at mid-
day the sun rises high in the heavens, in the winter the sun is
always low. The sun, therefore, had an annual movement up and
down in the heavens, combined with the diarnal movement of rising
and setting. But besides these movements of the sun there was
another of no less importance, which was not quite so obvious,
though still capable of being detected by the simplest observations,
when combined with a philosophical habit of reflection. The very
earliest observers of the stars can hardly fail to have noticed, that
the constellations visible at night varied with the season of the
year. For instance, the constellation of Orion, which is so well
seen during the winter nights, becomes invisible in the summer,
and the place it occupied is then taken by quite different stars.
So it is with other constellations; and, indeed, in ancient days,
the time for commencing the cycle of agricultural occupations
was sometimes indicated by the position of the constellations in
the evening. :

Reflection on this subject must have demonstrated in very
early times the apparent annual movement of the sun. It was
seen that the places of the stars, relatively to each other, did not
alter appreciably, and there could be no explanation of the changes
in the constellations with the seasons, except by supposing that the
place of the sun was altering, so as to make the complete circuit of
the heavens in the course of the year. The same conclusion is
easily confirmed by looking from time to time at the west after
sunset, and watching the stars. As the season progresses, it will
be noticed that each evening the western constellations sink lower
and lower towards the sun, until at length they come so near the
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sun that they set at the same time as he does. This is simply
explained by the supposition that the sun is gradually but con-
tinually rising up from the west to meet the stars. This motion
is of course not to be confounded with the ordinary diurnal
motion, in which all the heavenly bodies alike participate; inas-
much as besides this motion of the whole heavens, the sun has a slow
motion in the opposite direction; so that while the sun and a star
may set to-day at the same time, by to-morrow the sun will have
moved a little towards the east, relatively to the star, and thus the
star will set a few minutes before the sun.*

The patient watchings of the early astronomers enabled the sun’s
track through the heavens to be ascertained, and it was found that
in its annual circuit the sun invariably pursued the same path and
traversed the same constellations. The belt of constellations thus
specially distinguished is known by the name of the zodiac, while
the circle traversed by the sun is called the ecliptic. The zodiac
was divided into twelve equal portions or “ signs,” and thus the
stages on the sun’s great journey were conveniently indicated. In
the very earliest ages, also, it seems that the duration of the year, or
the period required by the sun to run its course around the heavens,
became accurately known. The skill of the ancient geometers was
also demonstrated by the accurate measures they succeeded in
making of the position of the ecliptic with regard to the equator,
and in measuring the angle between these two most important
circles on the heavens.

The principal phenomena presented by the motion of the moon
have also been understood from an antiquity beyond all historical
record. The slightest attention reveals the important truth that
the moon does not occupy a fixed position in the starry heavens.
Indeed, the motion of the moon among the stars is a phenomenon
much more easy to recognise than that of the sun among the stars,
as during the course of a single night the movement of the moon
from west to east across the heavens can be perceived with but
very moderate attention. It is most probable that the motion of

* Tt may, however, be remarked that a star is never seer to sef, as owing to our
atmosphere it ceases to be visible before it reaches the horizon.
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the moon among the stars was a discovery prior to that of the
annual motion of the sun, inasmuch as it depends upon simple
observation, and involves but little exercise of any intellectual
power. The time of revolution of the moon had also been dis-
covered, and the phases of the moon had been correctly attributed
to the varying aspect under which the sun-illuminated side of the
moon is turned towards the earth.

But even this does not exhaust the list of great discoveries
which have come down to us from prehistoric times. The striking
phenomenon of a lunar eclipse, in which the brilliant surface
is plunged temporarily into darkness, and the still more imposing
spectacle of a solar eclipse, in which the sun himself undergoes
a’ partial, or even a total obscuration, had also been correctly
explained. Then, too, the acuteness of the early astronomers
had detected the five wandering stars or planets : they had traced
the movements of Mercury and Venus, Mars, Jupiter, and Saturn.
They had observed with awe the various configurations of these
planets; and just as the sun, and in a lesser degree the moon,
were intimately associated with the affairs of daily life, so in
the imagination of these early investigators the movements of
the planets were thought to be pregnant with human weal or
human woe. At length a certain degree of order was perceived to
govern the capricious movements of the planets. It was found
that they obeyed certain laws. The cultivation of the science of
geometry went hand in hand with the study of astronomy; and as
we emerge from the dim pre-historic ages into the historical period,
we find that a theory possessing some degree of coherence had
been established, to explain the phenomena of the heavens.

Although the Ptolemaic doctrine is now known to be framed on
an utterly extravagant estimate of the true place of the earth in
the scheme of the heavens, yet the apparent movements of the
celestial bodies are accounted for by, the theory with considerable
accuracy. This theory is described in the great work of Ptolemy,
known as the “Almagest,” which was written in the second century
of our era, and for fourteen centuries was regarded as the final
authority on all questions of astronomy.
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Ptolemy saw that the shape of the earth was globular, and he
demonstrated this by the arguments which we employ at the
present day. He also saw how this mighty globe was poised, in
what he believed to be the centre of the universe. He admitted
that the diurnal movement of the whole heavens could be accounted
for by the revolution of the earth upon its axis, but he assigned
reasons for the deliberate rejection of this view. The earth
according to him was a fixed body ; it possessed neither rotation nor
translation, but remained constantly at rest at the centre of the.
universe. The sun and the moon he supposed to move in circular
orbits around the earth in the centre. The movements of the
planets were more complicated, as it was necessary to account for
the occasional retrograde motions as well as for the direct motions.
The ancient geometry refused to admit that any movement, except
circular, could be perfect, and accordingly a contrivance was devised
by which each planet revolved in a circle, while the centre of
that circle described another circle around the earth. It must be
admitted that this scheme, though so widely divergent from what
is now known to be the truth, did really present a fairly accurate
account of the movements of the planets.

Such was the system of Astronomy which prevailed during the
Middle Ages, and which was only finally overturned by the great
work to which Copernicus devoted his lifetime. The discovery of
the true system of ‘the universe was nearly simultaneous with the
discovery of the New World by Columbus. The first principles
which were established by the labours of Copernicus, stated that
the diurnal movement of the heavens was really due to the rotation
of the earth on its axis. He showed the difference between real
motions and apparent motions; he proved that all the appearances
of the daily rising and setting of the sun and the stars could be
just as well accounted for by the supposition that the earth rotated,
as by the more cumbrous supposition of Ptolemy. He showed that
the latter supposition would attribute an almost infinite velocity
to the stars, and that the rotation of the entire universe around the
earth was really a preposterous supposition. The second great
point, which it is the immortal glory of Copernicus to have
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demonstrated, assigned to the earth its true position in the fabric
of the universe. He transferred the centre, about which all the
planets revolve, from the earth to the sun; and he established the
somewhat humiliating truth, that our earth is after all merely
one of the system of planets revolving around the sun, and
pursuing a track between the paths of Venus and of Mars.

Such was, in brief outline, the great revolution which swept
from astronomy those distorted views of the earth’s importance,
arising from the fact that we are domiciled on that particular
planet. The achievement of Copernicus was soon to be followed by
the invention of the telescope‘, that wondrous instrument by which
the modern science of astlonomv has been created. To the con-
sideration of this most 1mportant subject we may well devote
the first chaptér of our book...” :
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CHAPTER 1.

THE ASTRONOMICAL OBSERVATORY.

Early Astronomical Observations—The Observatory of Tycho Brahe—The Pupil
of the Eye—Vision of Faint Objects—The Telgscope—The Object-Glass—
Advantages of Large Telescopes—The Equatorial—The Observatory—The
Power of a Telescope—Reflecting Telescopes—Lord Rosse’s Great Reflector
at Parsonstown—How the mighty Telescope is used—The Instruments of
Precision—The Meridian Circle—The Spider Lines—Delicacy of pointing a
Telescope—The Precautions necessary in making Observations—The Ideal
Instrument and the Practical one—The Elimination of Error—The ordinary
Opera-Glass as an Astronomical Instrument—The Great Bear—Counting the
Stars in the Constellation—How to become an Observer.

THE earliest traces of the Astronomical Observatory are as little
known, as the earliest discoveries in astronomy itself. Probably
the first application of instruments to the observations of the
heavenly bodies, consisted in the extremely simple operation of
measuring the length of the shadow cast by the sun at noonday.
The variations in the length of this shadow from day to day, and
its periodical maxima and minima, furnished valuable information
in the early attempts to investigate the movements of the sun. But
even in very early times there were astronomical instruments em-
ployed which possessed considerable complexity, and showed no small
amount of astronomical knowledge.

The first great advance in this subject was made by the cele-
brated Tycho Brahe, who was born in 1546, three years after the
death of Copernicus. His attention seems first to have been
directed to @stronomy by the eclipse of the sun which occurred on
the 21st August, 1560. It amazed his reflective spirit to find
that so surprising a phenomenon admitted of actual prediction, and
be determined to devote his life to the study of a science possessed
of such wonderful precision. In the year 1576 the King of
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Denmark had established Tycho Brahe on the island of Huen, and
had furnished him with the splendid observatory of Uraniberg. It
was here that Tycho assiduously observed the places of the heavenly
bodies for some twenty years, and accumulated the observations
which were destined, in the hands of Kepler, to lead to the great
discovery of the planetary movements. Compared with our medern
astronomical equipment the great instruments of Tycho are but
quaint and primitive apparatus. In his days the telescope had not
yet been invented, and he could only determine the places of the
heavenly bodies in a comparatively crude manner; but his skill and
patience in a great degree compensated for the imperfection of his
instruments, and with him it may be said that the epoch of accurate
astronomical observation commences.

The application of the telescope by Galileo gave a most wonderful
impulse to the study of the heavenly bodies. This extraordinary
man stands out prominently in the history of astronomy, not alone
for his connection with this supreme invention, but for his achieve-
ments in the more abstract parts of astronomy. It was Galileo
who first laid with any solidity the foundation of the science of
Dynamices, of which astronomy is the most splendid illustration ;
and it was he who expounded and upheld the great doctrine of
Copernicus, and thereby drew down upon himself the penalties of
the Inquisition.

The structure of the eye itself, and more particularly the
exquisite adaptation of the pupil, presents us with an apt illustra-
tion of the principle of the telescope. To see an object, it is
necessary that the light from that object should enter the eye.
The portal through which the light enters the eye is the pupil.
In daytime, when the light is abundant, the iris gradually
decreases the size of the pupil, and as the portal is thus con-
tracted, less light can enter. At night, on the other band, when
the light is scarce, the eye requires to grasp all it can.. The
pupil then expands, more and more ligcht is admitted according
as the pupil grows larger, until at length the pupil is dilated to
its utmost extent. The admission of light is thus controlled in
the most perfect manner.
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The stars send us their feeole rays of light, and those rays form
an image on the retina ; but, even with the most widely-opened pupil,
it may happen that the image is still not bright enough to excite
the sensation of vision. Here the telescope comes to our aid: it
catches all the rays in a beam of dimensions far too large to enter
the pupil, and concentrates those rays into a small
beam which can enter the pupil. We thus have b
the image on the retina intensified in brilliancy;  § | | | x
in fact, it is illuminated with nearly as much | | | !
light as would be obtained through a pupil as l ' l
large as the object-glass of the telescope. R ’

In our astronomical observatories we find two
entirely different classes of telescopes. The more
familiar forms are those known as refractors, in

Objective

\
o !
et Kl

which the operation of condensing the rays of '
light is effected by refraction. The same object \ :
can, however, be attained in a wholly different
manner by the aid of the laws of reflection, and
accordingly many telescopes, including the most
gigantic instruments yet erected, are known as
reflectors. The character of the refractor is shown
in Fig. 1. The rays from the star fall upen the
object-glass which is at the end of the telescope,
and after passing through it they are refracted

I

into a converging beam, so that all intersect at L
. . tothe
the focus. Diverging from thence, they encounter Eye
. . s wa. Fig. 1.—Principle
the'eye-plece, which h:?s the effect of again re of the Refracting
ducing them to parallelism. The large eylindrical ~ Telescope.

beam which poured down on the object-glass is {
thus concentrated into a small one, which can enter the pupil. The
composite nature of light requires a more complex form of object-
glass than the simple lens here shown. In modern telescopes we
employ what is known as the achromatic object-glass, which con-
sists of one lens of flint glass and one of crown glass, combined
together.

It will thus be apparent, that the larger the object-glass, the
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greater the quantity of light grasped, and the greater will be the
success of the telescope in revealing very faint objects. Hence it
is that in the efforts to increase the powers of their telescopes,

-

5 =

Fig. 2.—The Dome of the South Equatorial at Dunsink Observatory, Co. Dublin.

each succeeding race of astronomers has sought to obtain larger
object-glasses than those which were used by their predecessors.
The appearance of an astronomical observatory, built to hold an
Instrument of moderate dimensions, is shown in the adjoining
figures. The first (Fig. 2) represents the dome erected at Dunsink
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Observatory for the equatorial telescope, the object-glass of which
was presented to the Board of Trinity College, Dublin, by the late
Sir James South. The main part of the building is a circular wall,
on the top of which reposes a hemispherical roof. In this roof
is a shutter, which can be opened so as to allow the telescope in

Fig. 3.—Section of the Dome of Dunsink Observatory.

the interior to be directed towards the heavens. The whole struc-
ture revolves, so that the opening may be pointed to any part of
the sky which it is desired to examine. The next view (Fig. 3)
exhibits a section of the roof, showing the machinery by which
the attendant causes it to revolve, as well as the telescope itself.
The eye of the observer is at the eye-piece, and he is in the act of
turning a handle, which has the power of slowly moving the
telescope, in order to direct the instrument towards any point that
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may be desired. A telescope mounted in the manner here shown,
is called an equatorial. The convenience of the equatorial form of
mounting lies in the ease with which the telescope can' be moved
so as to follow any celestial object in its journey around the sky.
The necessary movements are given by clockwork, so that, once
the instrument has been correctly pointed, and the clockwork
started, the star will remain in the observer’s field of view not-
withstanding the apparent dinrnal movement. The two lenses
which together form the object-glass are in this case twelve inches
in diameter, and it is on the correctness of the objective that the
good performance of the telescope mainly depends. The eye-piece
consists merely of one or two small lenses; various eye-pieces can
be employed, according to the magnifying power which may be
desired. It is to be observed that for many purposes of astronomy
highly magnifying powers are not desirable. The object-glass can
only grasp a certain quantity of light, and if the magnifying power
be too great, the light will be thinly dispersed over a large surface,
and the result will be unsatisfactory.

The power of a refracting telescope—so far as the expression has
a definite meaning—is measured by the diameter of its object-glass.
There has, indeed, been some degree of rivalry between the various
civilised nations as to which should possess the greatest refracting
telescope. Among the largest telescopes of this type the world
has yet seen, is that recently constructed by Mr. Howard Grubb,
of Dublin, for the splendid observatory at Vienna. This great
instrument is represented in Fig. 4. The dimensions of it may
be estimated from the fact that the object-glass is two feet and
three inches in diameter. Many ingenious contrivances obviate
the inconveniences incident to the use of an instrument of such
vast proportions. We may here only notice the method by
which the graduated circles attached to the telescope are brought
within easy view of the observer. These circles are situated at
p.arts of the instrument very remote from the eye-piece at which
the observer is stationed. They ecan, however, be readily seen
by small auxiliary telescope tubes (shown in the figure, close to
the eye-piece), which, by suitable reflectors, conduct the rays of



Fig. 4.—The Great Vienna Telescope.
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light from the illuminated circles to the eye of the observer.
The clock movement of this great instrument is also noteworthy,
as it is controlled by electricity, so that the mighty tube follows
the star with almost mathematical precision.
Numerous refracting telescopes of exquisite perfection have been
e produced by Messrs. Alvan Clark, of
{ { | Cambridgeport, Boston, Mass. The
A x Rfa v oleighi size of their instruments has been
m% it Stai" . gradually increasing, and they have
Zeee ¢ 1 i i i recently completed a gigantic telescope
; - with an object-glass of no less than
thirty inches in diameter for the Rus-

e H

sian astronomers.

Can refracting telescopes be con-
structed of still greater dimensions ?
The present limit to the size of the
refractor chiefly lies in the material of
the object-glass. Glass manufacturers
experience great difficulties in any
attempts to form large dises of opti-
cal glass pure enough and uniform
enough to be suitable for telescopes.
These difficulties increase with every
increase in the size of the instrument,
and at the present moment this is the
chief impediment to the corstruction
of refracting telescopes of the largest

55 Miryror
Fig. 5.—Principle of Herschel’s

dimensions.
Reflecting Telescope. S

There is, however, the alternative
method of constructing a telescope, in which this difficulty does not
arise. The simplest form of reflector is that shown in Fig. 5, which
represents the Herschelian instrument. The rays from the star
fall on a beautifully polished and carefully shaped mirror, so
that, after the reflection, they proceed to a focus, and diverging
thence, fall on the eye-piece, from which they emerge, reduced to
parallelism and fitted for reception by the eye. It is essentially on



Fig. 6.—Lord Rosse’s Telescope.
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this principle, though with an additional reflection, that the
mightiest telescope in existence has been constructed. This
renowned instrument, known wherever science is known, was built,
forty years ago, by the late Earl of Rosse at Parsonstown. The
colossal dimensions of this instrument have never been surpassed ;
they have, indeed, never been rivalled. The reflector in this case is
a thick metallic disc, consisting of an alloy of two parts of copper
to one of tin, forming a hard and brittle metal intractable for
mechanical operations, but admitting of a brilliant polish, and of
receiving and retaining an accurate figure. The great reflector—
six feet in diameter—reposes at the end of a tube sixty feet
long. This tube is mounted between two -castellated walls of
masonry, which form an imposing feature on the lawn at Birr
Castle, as represented in Fig. 6. This instrument does not admit
of being directed towards any part of the sky like the equatorials
we have recently been considering. The great reflector is only
capable of an up and down movement along the meridian, and
of a small lateral movement east and west of the meridian.
A little consideration will, however, show that, though the
telescope cannot at any moment be directed to any particular star,
yet that each star visible in the latitude of Parsonstown can be
observed when looked for at the right time.

As the object is approaching the meridian, be it planet or
comet, star or nebula, the telescope is raised to the right height.
This is accomplished by a chain passing from the mouth of
the instrument to a windlass at the northern end of the walls.
By this windlass the telescope can be raised or lowered, and an
ingenious system of counterpoises renders the movement equally
easy at all altitudes. The observer then takes his station in the
lofty gallery which gives access to the eye-piece; and when the
right moment has arrived, the object enters the field of view.
A vast clockwork mechanism at the lower end of the tube gives
movement to the great instrument, so that the object can be
followed by the observer until he has made his measurements, or
finished his drawing.

It will thus be seen that, notwithstanding the stupendous size
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of this telescope (the tube is large enough for a tall man to walk
through without stooping), it is comparatively easy to observe with.
1t must not, however, be assumed that for all the purposes of
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Fig. 7.—Meridian Circle.

astronomy an instrument so colossal is the most suitable. The

mighty reflector is chiefly of use where very faint objects

are to be sought for; but where accurate measurements are

required of objects not unusually faint, telescopes of smaller di-

mensions and of different construction are more suitable. Among

the other great reflectors. we may mention that constructed by
c?
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Mr. Common, of Ealing, three feet in aperture, which possesses
great optical perfection and has done excellent astronomical
work.

The fundamental truths of the movements of the heavenly
bodies have been chiefly learned from the work of instruments of
comparatively moderate telescopic power, specially arranged to
enable precise measures of position to be secured. Indeed, in the
early stages of astronomy, important observations of position were
obtained by contrivances which showed the direction of the object
without any telescopic aid.

In our modern observatories the most important measurements
are those obtained by that most accurate of all instruments of pre-
cision, known as the meridian circle. It would be out of place
to attempt to give here any minute description of this instrument,
even in any of its multitudinous forms. It is, however, equally
impossible, in any adequate account of the Story of the Heavens,
to avoid some reference to this fundamental instrument; and
therefore we shall give a very brief account of one of the
simpler forms, choosing for this purpose a great instrument in
the Paris Observatory, which is represented in the illustration
(Fig. 7).

The telescope is attached at its centre to an axis at right
angles to its length. The pivots at the extremities of this axis
rotate in fixed bearings, so that the movements of the teles-
cope are completely restricted to the plane of the meridian. In-
side the eye-piece of the telescope extremely fine vertical lines are
stretched. The observer watches the moon, or star, or planet,
or whatever may be the object, enter the field of view; and he
notes the second, or fraction of a second, by the clock, as the star
passes over each of the lines. The circle attached to the teles-
cope is divided into degrees and subdivisions of a degree, and this
circle, which moves with the telescope, will indicate the eleva-
tion at which the telescope is pointed. For the accurate reading
of the circle, microscopes are used. These microscopes are shown
in the sketch, each one being fixed into an aperture in the wall
which supports one of the pivots. At the opposite side is a lamp,
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the light from which passes through the perforated pivot and is
thence deflected to illuminate the lines at the focus.

The lines, which the observer sees stretehed over the field of
view of the telescope, demand a few words of explanation. We
require for this purpose a line which shall be very fine and durable,
elastic, and of little or no weight. These conditions cannot be
completely fulfilled by any metallic wire, but they are most
exquisitely fulfilled in the beautiful thread which is spun by the
spider. These gossamer threads are stretched with nice skill
across the field of view of the telescope, and secured in their
proper places. 'With instruments so furnished, it is easy to under-
stand the precision of modern observations. The telescope is
directed towards a star, and the image of the star is a minute
point of light. When that point is made to coincide with the
intersection of the two central spider lines, the telescope is properly
sighted.

We use the word sighted designedly, because we wish to suggest
a comparison between the sighting of a rifle at the target and the
sighting of a telescope at a star. Instead of the large bull’s-eye
of a rifle-target, suppose that the target only contained an ordinary
watch-dial ; the rifleman would not be able to sight the dial.
But with the telescope of the meridian circle we could easily see
the watch-dial at the distance of a mile. The meridian circle has,
indeed, such delicacy as a sighting instrument, that it could be
pointed separately to each of two stars, which subtend at the eye
an angle no greater than that subtended by an adjoining pair of
the sixty minute dots around the circumference of a watch dial a
mile away.

This delicacy of sighting would be of little use were it not
combined with arrangements by which, when the telescope has
been pointed correctly, its position can be ascertained and recorded.
One element is secured by the astronomical clock, which gives the
moment when the object crosses the central vertical wire ; the other
element is given by the graduated circle which reads the zenith
distance.

Superb meridian instruments adorn our great observatories, and
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are nightly devoted to those measurements upon which the great
truths of astronomy are mainly based. These instruments are
made with every refinement of skill; but it is the duty of the
painstaking astronomer to distrust the accuracy of his instrument
in every conceivable way. The great tube may be as rigid a
structure as mechanical engineers can produce; the divisions on
the circle may have been engraved by the most perfect mechanical
contrivance ; but the conscientious astronomer will not rely upon
mechanical precision. That meridian circle which, to the unin-
itiated, seems a marvellous piece of workmanship possessing
almost illimitable accuracy, is presented in a different light to the
astronomer who makes use of it. No one can appreciate, indeed,
so fully as he, the skill of the artist who has made it, and the
numerous beautiful contrivances for illumination and reading off,
which give to the instrument its perfection; but while he
recognises the beauty of the actual machine he is using, the
astronomer has always before his mind’s eye an ideal instrument
of absolute perfection, to which the actual meridian circle only
makes an approximation. Contrasted with this ideal instrument
the best meridian circle is little more than a mass of imperfections.
The ideal tube is perfectly rigid, the actual tube is flexible ;
the ideal divisions of the circle are all perfectly uniform; the
actual divisions are not uniform. The ideal instrument is a
geometrical embodiment of perfect circles, perfect straight lines,
and perfect right angles; the actual instrument can only give
us approximate circles, approximate straight lines, and approxi-
mate right angles. Perhaps the spider’s part of the work is on the
whole the best; he gives us the nearest mechanical approach to a
perfectly straight line ; but we mar his work by not being able to
put in his beautiful threads with perfect uniformity, while our
attempts to stretch two of them across the field of view at right
angles, do not succeed in producing an angle of exactly ninety
degrees. Nor are the difficulties encountered by the meridian
observer solely due to his instrument. He has to contend with his
own want of skill; he has often to allow for personal peculiarities
of an unexpected nature ; the troubles that the atmosphere can give
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him are notorious ; while the levelling of his instrument telis him
that he cannot even rely on the solid earth itself. The meridian
circle shows that the earthquakes, which sometimes startle us, are
merely the more conspicuous instances of incessant and universal
movements in the earth, which every night in the year derange
the delicacy of the instrument.

‘When the existence of these errors has been recognised, the first
great step has been taken. By an alliance between the astronomer
and the mathematician it is possible to measure the differences and
the irregularities which separate the ideal meridian circle from the
actual meridian circle. Once this has been doue, it is possible
to estimate the effect which all the irregularities ecan produce on
the observations, and finally, to purge the observations from the
grosser errors with which they arve contaminated. We thus have
observations, not indeed mathematically accurate, but still close
approximations to those which would be obtained by a perfect
observer, using an ideal instrument of geometrical accuracy, standing
on an earth of absolute rigidity, and viewing the heavens without
the intervention of the atmosphere.

It is not, however, necessary to use such great instruments as
those just described in order to obtain some idea of the aid the
telescope will afford in showing the celestial glories. The most
suitable instrument for commencing astronomical studies is within
ordinary reach. It is the ordinary binocular that a captain uses on
board ship; or if that cannot be had, then the common opera-glass
will answer nearly as well. This is, no doubt, not nea:rly S0
powerful as a large telescope, but it has some compensating advan-
tages which the telescope does not possess. The opera-glass will
survey a large region of the sky at once, while a telescope only
looks at a small part of the sky. Let us suppose that the observer
is provided with an opera-glass and is about to commence kis
astronomieal studies.

The first step is to become acquainted with the very renowned
group of seven stars which is represented in Fig. 8. It is
often called the Plough, but astronomers prefer to regard it
as a portion of the constellation of the Great Bear (Ursa Major).
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There are many features of interest in this constellation, and the
beginner should learn as soon as possible to identify the seven
remarkable stars. Of these the two stars, @ and 3, at the head of
the bear are generally called the “ pointers.” They are of special
use in astronomy, because they enable us to find out the most im-
portant star in the whole sky, which is known as the ¢ pole star.”
We shall return in a later chapter to the study of the different
constellations. Our present object is a simpler one ; it is merely
to employ the Great Bear as a means of teaching us how vast is

THE GREAT BEAR
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Fig. 8.—The Great Bear.

the richness of the heavens in stars. Each student of astro-
nomy is recommended to make one very simple observation on the
Great Bear, which will give a wondrous conception of what the
telescope can do, and will also reveal in a very impressive manner
the glories of the starry heavens.

Fix the attention on that region in the Great Bear bounded by
the four stars @ B4 8. They form a sort of rectangle, of which
the stars named are the corners. The next fine night try and
count how many stars are visible within that rectangle. There
are no really bright stars, but there are two or three sufficiently
bright to be easily seen. On a very fine night, when there is no
moon, perhaps a dozen might be perceived, or even more, according
to the keenness of the eyesight.. But when the opera-glass is
directed to the same region, a most interesting, and indeed astonish-
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ing sight will be witnessed. Instead of the few stars which
were seen before with difficulty, a hundred stars or more can now
be seen with the greatest ease. The opera-glass will, indeed, easily
disclose ten times as many stars as could be seen with the unaided
eye.

But even the opera-glass will not show nearly all the stars in
this region. Any good telescope will reveal hundreds of stars too
faint for the opera-glass. The greater the telescope, the more
numerous the stars; so that in one of the colossal instruments
this region would be found studded with thousands of stars.

‘We have chosen the Great Bear for the purpose of this illustra-
tion, because it is more generally known than any other constellation.
But the Great Bear is not exceptionally rich in stars; any other
part of the sky would equally well have demonstrated the grand
truth, that the stars which our unaided eyes disclose, are only an
exceedingly small fraction of the entire number with which the
whole heaven is teeming. To tell the number of the stars is a task
which no man has accomplished ; but various estimates have been
made. Our great telescopes ean probably show at least 50,000,000
stars. There would be a star apiece for every man, woman, and
child in the United Kingdom, and there would still remain a liberal
margin for distribution elsewhere.

The student of the heavens who uses a good refracting teles-
cope, having an object-glass about three inches in diameter, will
find ample and delightful occupation for many a fine evening. He
should also be provided with an atlas of the stars, while a copy of
the ‘“Nautical Almanac,” and of Webb’s ¢ Celestial Objects for
Common Telescopes,”” will form a sufficiently complete astronomical
equipment for much interesting occupation,
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In commencing our examination of the orbs which surround us,
we naturally begin with our peerless sun. His splendid brilliance
gives him the pre-eminence over all othér celestial bodies. The
proportions of the sun are commensurate with his importance.

Astronomers are actually able to measure the sun; and they
find that his dimensions afe so great as to tax our imagina-
tion to realise them. The diameter of the sun, or the length of
the axis, passing through the centre from one side to the other,
is 865,000 miles. Yet this bare statement of the dimensions
of the great globe fails to awaken an adequate idea of its vast-
ness. If a railway were laid round the sun, and if we were to
start in an express train moving sixty miles an hour, we should
have to travel night and day for five years without intermission
before we had accomplished our journey.

If the sun be compared with the size of the earth, its stupendous
bulk becomes still more apparent. Suppose his globe were cut up
into one million parts: each of these parts would appreciably exceed
the bulk of our earth. Were the sun placed in one pan of a
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mighty weighing balance, and were 300,000 bodies as heavy as our
earth placed in the other, the sun would still turn the scale. Fig. 9
exhibits a large white circle and a very small one. These circles
are drawn to exhibit the comparative size of the earth and the sun,
the small circle being the earth and the large one the sun.

The temperature of the sun has an intensity far surpassing the
greatest temperature we can artificially produce. In our labora-
tories we send a galvanic current through a piece of platinum

Fig. 9.—Comparative Sizes of the Earth and the Sun.

wire. The wire first becomes red-hot, then white-hot; then it is
almost of dazzling brilliancy, until it fuses and breaks. The
temperature of the melting platinum wire could hardly be sur-
passed in the most elaborate furnaces, but it falls far short of the
temperature of the sun.

It must, however, be admitted that there is one seeming dis-
crepancy between the fact of the sun’s high temperature and a
well-known physical fact. < If the sun were hot,” it has been
said, “ then the nearer we get to the sun the hotter we should be;
yet this is not the case. On the top of a high mountain we are
nearer to the sun, and yet everybody knows that it is much colder
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on the top of the mountain than in the valley at its foot. If the
mountain be as high as Mont Blane, then we are two or three miles
nearer the sun; yet up there, instead of additional warmth, we
find eternal snow.” A simple illustration will dispose of this diffi-
culty. Go into a greenhouse on a sunshiny day, and we find the
temperature much hotter there than outside. The glass will allow
the hot sunbeams to enter, but it refuses to allow them out again
with equal freedom, and consequently the temperature rises. Our
whole earth is in this way to be likened to a greenhouse, only,
instead of the panes of glass, we are enveloped by an enormous
coating of atmosphere. When we are on the earth’s surface, we
are, as it were, inside the greenhouse, and we benefit by the
interposition of the atmosphere; but when we begin to climb very
high mountains, we gradually get through the atmosphere, and
then we suffer from the cold. If we could imagine the earth
to be stripped of its coat of air, then eternal frost would reign over
the whole earth as well as on the tops of the mountains.

The actual distance of the sun from the earth is about
92,700,000 miles; but merely reciting the figures does not give
avivid impression of the real magnitude. 92,700,000 is a very
large quantity. Try to count it. It would be necessary to count
as quickly as possible for three days and three nights before one
million was completed ; yet this would have to be repeated nearly
ninety-three times before we had even counted all the miles
between the earth and the sun.

Every clear night we see a vast host of stars scattered over the
sky. Some are bright, some are faint, some are grouped into
remarkable forms. With regard to this vast host we can now ask
an important question. Are they bodies which shine by thei
own light like the sun, or do they only shine with light borrowed
from the sun? The answer is easily stated. Most of these bodies
shine by their own light, and they are properly called stars.
Tf, then, our sun and the multitude of stars, properly so called,
are each and all self-luminous brilliant bodies, what is the great
distinction between the sun and the stars? There is, of course, a
vast and obvious difference between the unrivalled splendour of the
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sun and the feeble twinkle of the stars. Yet this distinction does
not necessarily indicate that the sun has an intrinsic splendour
superior to that of the stars. The fact is that we are nestled up
comparatively close to the sun for the benefit of his warmth and
light, while we are separated from even the nearest of the stars by
a mighty abyss. If the sun were gradually to retreat from the
earth his light would decrease, so that when he had penetrated the
depths of space to a distance comparable with that by which we are
separated from the stars, his glory would have utterly departed.
No longer would the sun be the majestic orb with which we are
familiar. No longer would he be a source of genial heat, or a
luminary to dispel the darkness of night. Our great sun would
have shrunk to the unimportance of a star, not so bright as many
of those which we see every night.

Momentous indeed is the conclusion to which we are now led.
That myriad host of stars which stud our sky every night, has
sprung into vast importance. Each one of those stars is itself
a mighty sun, actually rivalling, and in many cases surpassing,
the splendour of our own luminary. We thus open up a majestic
conception of the vast dimensions of space, and of the dignity and
splendour of the myriad globes by which that space is tenanted.

There is another aspect of the picture not without its utility.
We must from henceforth remember that our sun is only a star,
and not by any means an important star. If the sun and the
earth, and all which it contains, were to vanish, the effect in the
universe would merely be, that a tiny star had ceased its twinkling.
Viewed merely as a star, the sun thus assumes a place of insig-
nificance in the mighty fabric of the universe. But it is not as a
star that we have to deal with the sun. To us his proximity gives
him an importance incalculably transcending that of all the other
stars. We receded from the sun to obtain his true perspective in
the universe ; let us now draw near, and give to him that attention
which his importance requires.

To the unaided eye the sun appears to be a flat circle. If,
however, it be examined with the telescope, taking care of course
to employ a piece of deep-coloured glass, or some similar pre-
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caution to screen the eye from injury, it will then be seen that the
sun is really not a flat surface but a glowing globe, of which one
hemisphere is presented to us. The first question which we must
attempt to answer is with reference to the constitution of that
globe ; and the first branch of that question is, whether the glowing

Fig. 10,—The Sun, photographed on September 22, 1870.

matter which forms the globe is a solid mass, and, if it be not
solid, whether it is liquid or gaseous? At the first glance we
might think that the sun must certainly be solid. We have all
seen white-hot iron, and we might naturally think that the sun
was a stupendous ball of solid white-hot substance, or something
analogous thereto. But this view could not be correct; and our
first task will be to show that the sun is certainly not a solid
body so far as we can see it.
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Look at the general view of the sun shown by a telescope of
moderate dimensions. It is represented in Fig. 10.¥* We observe
the circular outline and the general bright surface, but the
brilliancy of the surface is not quite uninterrupted. There are,
here and there on the surface, small, dark objects called spots,
which can be made to render a great deal of information with
respect to the sun. These spots vary both as to size and as to
number—indeed, the sun seems sometimes almost devoid of spots.
In the early days of telescopes the discoverers of the sun’s spots
were laughed at. They were told that the sun was far too perfect
to have any blemishes, and that it was absurd to suppose that
‘““the eye of the universe could suffer from ophthalmia.”

The general character of a sun spot, as seen in a moderate
telescope under ordinary circumstances, is illustrated in Fig. 11,

Fig. 11.—An Ordinary Sun-Spot.

in which the dark central part is seen well contrasted with
the lighter margin. Various theories have been propounded
as to the nature of these curious features, and one of the early
suppositions was that they were merely objects situated between
the earth and the sun, and thus projected on the sun as a back-
ground. It is easy to prove that this cannot be the case, by
carefully watching the same spot for a few days. Look first at
the spot marked A in Fig. 12, which exhibits a small portion
of the sun and a small part of its edge as seen in a good
telescope; A represents a spot of an ordinary type on the sun.
The central portion of the spot seems black by contrast with the
brilliant background in which the spot is shown. Around the
black centre we have a shaded region of a somewhat lighter hue.
We carefully observe the spot and note how far off it appears

* This picture is a copy of a very beautiful photograph of the sun, taken by
Mr. Rutherfurd at New York on the 22nd September. 1870.
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to be from the edge of the sun. The next day we repeat the
observation, and find that the spot is no longer in its original
position. It has travelled nearer the edge of the sun, to the place
marked B. Repeat the same observation the third day, and it will
be found that the spot has attained the position c, again nearer to
the edge of the sun. It will also be noticed that the appearance
of the spot has changed. The shaded portion at one side has
diminished and, indeed, disappeared. Day after day the spot
gradually approaches the edge of the sun until, finally, it is on
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Fig. 12. —Successive Appearances of a Sun-Spot.
rare occasions actually seen on the sun’s edge, though it is not
so represented in this drawing.

It is by such observations we learn that the spot cannot be any
body floating aloft above the surface of the sun, for then an
interval between the spot and the sun would be seen after the spot
attained the edge. Yet, though we must admit that the spots are
really on the surface of the sun, we cannot agree with those old
philosophers who said that these spots are blemishes which detract
from the perfection of the eye of the heavens. We ought rather,
in these days of scientific activity, to feel grateful to the spots;
for they teach us much about the glories of the sun of which
we otherwise must have remained in ignorance.

If an artist were to view the changes in the appearance of the
spot as it approached the sun’s edge, he might think that the
apparent alterations of the form of the spot were chiefly due to
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‘what he would call the effect of fore-shortening, and he would
draw the conclusion that the spot was really a cavity in the surface
of the sun. If the interior parts of the sun were much darker than
the exterior, and if the spots were really basin-shaped apertures
through the outer portions of the sun, then some of the changes in

Q
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Fig. 13.—Scheiner’s Observations on Sun-Spots.

the appearances of the spots could be readily explained. When the
region is turned directly towards the observer he sees the bottom of
the basin which exposes the dark interior of the sun. The view of
the spot is then represented by a. As the spot is carried nearer to
the limb of the sun, one side of the basin becomes much fore-
shortened, and the appearance of the spot is represented at B, in
which we observe that the shaded edge of the spot on the left is
narrower than that on the other side. Finally, when the spot is
D
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extremely close to the limb, then one side of the basin would be
entirely hid from view, and only a glimpse be had of the dark
interior; while the opposite side of the basin is distorted into
undue prominence. It camnot, however, be regarded as proved
that the sun-spots are really depressions in the surface; indeed
many astronomers hold different views on the subject.

The progress of the spots over the face of the sun is well illus-

trated in the drawing shown in Fig. 13, which was made more than
250 years ago. On the 2nd March, 1627, the skilful astronomer
Scheiner observed a spot in the position marked 2, just on the edge
of the sun. On the next day, the spot had moved to the position
marked 3. It appears that Scheiner was favoured by a succession
‘of fine days, for day after day he followed the spot until the
eleventh, when his observations were interrupted. On this day,
therefore, he marked a blank on his drawing, in the position which
he reasonably conjectured to have been that which the spot
occupied. The following day he renewed his observation. The
13th was again cloudy, but on the 14th another and final view of
the spot was obtained, just as it was approaching the edge of the
sun and before its disappearance. In the same month it so hap-
pened that another conspicuous spot was visible on the sun, and
the faithful Scheiner recorded its place also; and again we find
interruptions due to the clouds on the 11th and 13th. In each
case the spot travelled in the same direction and crossed the face
of the sun in a period of about twelve or thirteen days.

It is invariably found that these objects move across the sun in
the same direction. It is‘also noticed that when the spots disappear
at the edge of the sun, and remain invisible for twelve or thirteen
days, the same spots often reappear at the other-edge. It is there-
fore obvious that the spots must move round the back of the
sun in about the same time that they occupy in crossing his face.
Further inquiries on this subject have enabled the movements of
the spots to be measured with accuracy, and it has been shown that
each spot accomplishes a complete revolution around the sun in
about twenty-five days and five hours.

So remarkable a characteristic of the movements of the spots
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demands satisfactory explanation. How does it come to pass that
the spots—both large and small, regular or irregular—all accom-
plish their revolutions in nearly the same time? A very simple
explanation of the phenomenon conducts at once to a very important
discovery.

‘We know that the sun is a globe, and that our earth.is also a
globe. We also know that the earth performs a daily rotation on
its axis, and it is natural to ask, whether it may not be likewise pos-
sible for the sun to perform a rotation. If the sun slowly rotated in
a period of about twenty-five days and five hours, then the hemi-
sphere of the sun directed towards the earth would be completely
turned to the other side in a fortnight, and we should at once
be able to"account for the apparent movement of the spots. This
explanation is so simple, and so satisfactory—it is confirmed by so
many other lines of reasoning—that no doubt can any longer be
attached to it; and hence we have, as the first-fruits of the study
of the spots, the very interesting and remarkable discovery of the
rotation of the sun on its axis. It has, however, been shown that
the time of rotation of the sun-spot varies slightly with the posi-
tion' of the spot. Observations made with spots at the Equator
give for the period of rotation a value of 254 days, while, judg-
ing from spots at the latitude of 30°, the period of rotation of the
sun is a day longer. It thus follows that we cannot state the
period of the sun’s rotation with the same accuracy that we can
that of the earth. It can only be said to lie somewhere between
the two extremes of about 25 and 26} days.

It must not, however, be imagined that the only changes in the
spots are those variations of perspective which arise from the
rotation of the sun. In this movement all spots alike participate;
but there are other movements and changes constantly going on in
the individual spots. Some of these objects may last for days,
for weeks, or for months, but they are in no sense permanent ; and
after an existence of greater or less duration, the spots on one part
of the sun will disappear, while as frequently fresh spots will
become visible in other places. The inference from these various
facts is irresistible. It tells us that the visible surface of the sun

D 2
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is not a solid mass—is not even a liquid mass—but that the sun,
as far as we can see it, consists of matter in the gaseous or vaporous
condition.

The sun-spots are confined to certain limited regions of the sur-
face. They are nearly always found in two zones on each side of the
Equator, and between the latitudes of 10 and 30 degrees. Spotsare
comparatively rare on the Equator, E E' (Fig. 14) and very few are
found beyond the latitude of 35 degrees, while we have the authority
of Professor Young for the statement that there is only a single
recorded instance of a spot more than 45 degrees from the Solar

Fig. 14.—Zones on the Sun’s surface in which Spots appear.

Equator—one observed in 1846 by Dr. Peters at Naples. The
average duration of a sun-spot is about two or three months, and
the longest life of a spot that has been recorded is one which in
1840 and 1841 lasted for eighteen months. There are, however,
some spots which last only for a day or two, and some only for a
few hours.

It should also be observed that the sun-spots usually appear in
groups, and very often a large spot is attended or followed by a
number of smaller ones, more or less imperfect. It often happens
that a large spot divides into two or more smaller spots, and these
parts have been sometimes seen to fly apart, with a velocity in some
cases not less than a thousand miles an hour. On rare occasions a
phenomenon of the most surprising character has been witnessed in
connection with the sun-spots, where patches of intense brightness
suddenly break out, remain visible for a few minutes, and trave}
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sith a velocity over 100 miles a second. Onme of these events has
become celebrated for the extraordinary character of the phenomena,
as well as for the fortunate circumstance that it has been
authenticated by the independent testimony of two skilled wit-
nesses. On the forenoon of the 1lst September, 1859, two well-
known observers of the sun, Mr. Carrington and Mr. Hodgson,
were both engaged in observation. Mr. Carrington was employed
at his self-imposed daily task of observing the positions, the
configuration, and the size of the spots by means of an image of
the sun upon a screen. Mr. Hodgson, many miles away, was at
the same moment sketching some details of sun-spot structure.
They saw simultaneously two luminous objects, shaped something
like two new moons, each about eight thousand miles long and
two thousand miles wide, at a distance of about twelve thousand
miles apart : these suddenly burst into view near the edge of a
great sun-spot, with a brightness at least five or six times that
of the neighbouring parts of the sun, and travelled eastward over
the spot in parallel lines, growing smaller and fainter, until in
about five minutes they disappeared, after a journey of about thirty-
six thousand miles.

We have still to note one very extraordinary feature, which
points to an intimate connection between the phenomena of sun-
spots, and the purely terrestrial phenomena of magnetism. It has
been noticed that the occurrence of the maximum of sun-spots
occurs simultaneously with an unusual amount of disturbance of
the magnetic needle. The latter are well known to be connected
with the phenomena of the aurora borealis, inasmuch as an unusual
aurora seems to be invariably accompanied by a great magnetic
disturbance. It has also been shown that there is an almost perfect
parallelism between the intensity of auroral phenomena and the
abundance of sun-spots. Besides these general coincidences, there
have been also special cases in which a peculiar outbreak on the sun
has been associated with remarkable auroral or magnetic phe-
nomena. Thus, the occurrence cited above as witnessed by Mr,
Carrington and Mr. Hodgson in 1859, was immediately followed
by a magnetic storm of unusual intensity, as well as by splendid
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auroras, not only in Europe and America, but even in the Southern
Hemisphere. A very interesting instance of a similar kind is
recorded by Professor Young, who, when observing at Sherman on
the 3rd August, 1872, perceived a very violent disturbance of the
sun’s surface. He was told the same day by the photographer of
the party, who was engaged in magnetic observations, and whc
was quite in ignorance of what Professor Young bad seen, that he
had been obliged to desist from the magnetic observations, in eon-
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Fig. 15.—The Texture of the Sun and a small Spot.

sequence of the violent fluctuations of the needle. Subsequent
inquiry showed that in England on the same day a magnetic storm
was also witnessed.

These observations demonstrate that there is some connection
between solar phenomena and terrestrial magnetism, but what the
nature of that connection may be is quite unknown, and will form
a problem of deep interest for the future labours of astronomers
and physicists.

Another mysterious law governs the sun-spots. Their number
fluctuates from year to year, but it would seem that the epochs of
maximum sun-spots succeed each other with a certain degree of
regularity. The observations of sun-spots for nearly three cen-
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turies show that the recurrence of a maximum takes place, on an
average, every eleven years. The course of one of these cycles is
somewhat as follows :—For two or three years the sun-spots are
both larger and more numerous than on the average ; then they
begin to diminish, until in about five or six years from the maximum

Fig. 16.—Dr. Huggins’ drawing of a remarkable arrangement of Solar Granules.

they reach a minimum; then the spots begin to increase, and in
another five or six years the maximum is once more attained. The
cause of this periodicity is a question of the most profound interest,
but at present the answer must be regarded as unknown. It has,
indeed, to be admitted that the real nature of sun-spots is still a
matter of uncertainty. No theory yet proposed will account in
a thoroughly satisfactory manner for @// the phenomena which
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they present, when viewed with the telescope and the spectroscope,
as well as for their peculiar distribution over the sun, and the
marvellous phenomena of periodicity.

‘When the atmosphere will allow of very good vision, we can see
that the sun’s surface is mottled in a remarkable manner. This
is well shown in Fig. 15, in which we perceive that the spot in the
central part of the picture is merely an enlargement of one of the
minute pores with which the surface is marked. A very remark-
able instance of the granulated appearance which the sun often
presents is shown in a drawing made by the accurate pencil of
Dr. W. Huggins (Fig. 16). This curious arrangement has also

Fig. 17.—The Willow-leaf texture of the Sun’s surface.

been witnessed by many other observers. Indeed, photographs
have been taken in which these brilliant granules seem disposed to
arrange themselves in patterns of marvellous regularity.

It would thus appear as if theluminous surface of the sun was com-
posed of intensely bright clouds suspended in a darker atmosphere.
Some observers have thought that these floating objects are, occa-
sionally at all events, of a characteristic size and shape, variously
known as “willow leaves” or ‘‘rice grains.” In Fig. 17, the
curious willow-leaf texture is shown surrounding a sun-spot. But
the spot itself seldom fails to give the impression of violent dis-
turbance, as is well shown in Professor Langley’s fine drawing
(Plate II.) of a spot which he observed on December 23-24, 1873.

Near the edge of the sun, as represented in Plate TII., will be seen
some of those brighter streaks or patches which are called facula
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(little torches). They are often of enormous dimensions, covering
areas vastly larger than any of our continents.

The margin of the sun is fringed with objects of very great
interest. They are so faint that in the full blaze of sunlight
they cannot be seen. They are invisible for the same reason that
stars are invisible in daylight. We see the stars at night, when
the sun is gone, and so we can see the fringe surrounding the sun
when the brilliant central portion is obscured by the rare occur-
rence of a total eclipse.

For an eclipse of the sun to oceur, the moon must actually come
between the earth and the sun. The occurrence of an eclipse will

Fig. 18.—Prominences seen in Total Eclipse.

be more fully considered later on. For the present it will be
sufficient to observe that by the movement of the moon it may so
happen that the moon completely hides the sun, and thus for a few
minutes produces what we call a total eclipse. The few minutes
during which a total eclipse lasts are of the most priceless value to
the astronomer. Darkness reigns over the earth, and in that
darkness rare and beautiful sights can be witnessed.

We have in Fig. 18, a view of a total eclipse, showing some of
those remarkable objects known as prominences, (2, 4, ¢, d, €), which
project from the surface of the sun. Objects of this character
surround the sun at other times as well as at eclipses, but their
light is so faint that the great light of the sun renders them
invisible, 'With the obscurity which surrounds the sun during
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a total eclipse as a background, the phenomenon starts into
brillianey.

It has been demonstrated that these very curious objects are,
as their appearance indicates, really mighty glowing masses of gas;
and a most beautiful arrangement has béen discovered by which it
has been made possible to view the prominences without waiting
for the aid of an eclipse. It would be anticipating what we shall
have to say in a future chapter were we at this point to give any
detailed explanation of the ingenious contrivance by which these
objects can be seen in the full blaze of sunlight. Sauffice it now to
observe that the principle of the method depends upon the peculiar
character of the light from the prominences, which the spectroscope
enables us to isolate from the glare produced by the ordinary solar
beams. It gives to astronomers the great advantage of looking at
the prominences for hours together, instead of being limited to the
few minutes during which an eclipse lasts. The prominences appear
to be merely protuberant portions of a layer of red incandescent
gas surrounding the sun. This gas has been shown to consist of
hydrogen and probably other substances.

Majestic indeed are the proportions of some of those mighty
flames which leap from the surface of the sun; yet these flames
flicker as do our terrestrial flames, when we allow them time com-
parable to their gigantic dimensions. Drawings of the same
prominence often show great changes in a few hours, or even less.
The magnitude of the changes could not be less than many
thousands of miles, and the actual velocity with which such
masses move is often not less than 100 miles a second. Still
more violent are the solar convulsions which some observers have
been so fortunate as to behold, when from the sun’s surface, as
from a mighty furnace, vast incandescent masses are projected
upwards. All indications point to the surface of the sun as the
seat of the most frightful storms and tempests, in which the winds
sweep along incandescent vapours.

The remarkable power which the spectroscope places at our
disposal of enabling the prominences to be seen without a total
eclipse has been largely availed of in making drawings of these
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objects. Plate IV. gives a very beautiful view of a number of
them as seen by Trouvelot with the great telescope at Cambridge,
U.S. These drawings show the red colour of the flame-like
objects, not very happily described as prominences; and they also
show, in the different pictures, the wondrous variety of aspect which
these objects assume. The dimensions of the prominences may
be inferred from the scale appended to the plate. The largest of
them is fully 80,000 miles high; but many observers have re-
corded prominences of much greater altitude. The rapid changes
of these objects is well illustrated in the two sketches on the left
of the lowest line, which were drawn on April 27th, 1872. These
are both drawings of the same prominence taken at an interval no
greater than twenty minutes. This mighty flame is so vast that
its length is ten times as great as the diameter of the earth, yet
in this brief period it has completely changed its aspect; the
upper part of the flame has,- indeed, broken away, and is now
shown in that part of the drawing between the two figures on the
line above. The drawings also show various instances of the re-
markable spike-like prominences, taken at different times and on
different parts of the sun. These spikes usually attain altitudes
not greater than 20,000 miles, but sometimes they stretch up to
stupendous distances. We may quote one special object of this
kind, whose remarkable history has been chronicled by Professor
Young,* the well-known authority in this department of as-
tronomy. On October 7th, 1880, a prominence was seen, at
about 10.30 a.m., on the south-east limb of the sun. It was
then an object of no unusual appearance, being about 40,000
miles high, and attracted no special attention; but half an hour
witnessed a marvellous transformation. During that brief interval
the prominence became very brilliant, and doubled its length.
For another hour the mighty flame still soared upwards, until it
attained the unprecedented elevation of 350,000 miles—a distance
more than one-third of the diameter of the sun. Here the energy

* During a visit to the United States in the autumn of 1884, the author was
fortunate enough, by the kindness of Professor Young, to observe several solar
prominences with the superb instruments at Princeton, New Jersey.
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of the mighty outbreak seems to have expended itself: the flame
broke up into filaments, and by 12.30—an interval of only two
hours from the time when it was first noticed—the huge promi-
nence had completely faded away.

The facts we have recorded give a surprising indication of the
violence of those fiery storms by which the surface of the sun is
occasionally disturbed. No doubt this vast prominence was excep-
tional in its magnitude, and in the vastness of the changes of
which it was an indication; but we may, at all events, take it as
the basis of an estimate of the maximum changes which the surface
of the sun witnesses. The velocity must have been 200,000 miles
an hour—a rate which must have more than averaged fifty miles
a second. This mighty flame leaped up from the sun with a velo-
city more than 100 times as great as that of the swiftest bullet
that was ever fired from a rifle.

The most striking feature of a total eclipse of the sun is
unquestionably the Corona, or aureole of light which is then seen to
surround the sun. On such an occasion, when the sky is clear, the
moon appears of an inky darkness, not like a flat screen, but like
the huge black ball that it really is. “From behind it (I quote
Professor Young) stream out on all sides radiant filaments, beams,
and sheets of pearly light, which reach to a distance sometimes of
several degrees from the solar surface, forming an irregular stellate
halo with the black globe of the moon in its apparent centre. The
portion nearest the sun is of dazzling brightness, but still less
brilliant than the prominences which blaze through it like car-
buncles. Generally this inner corona has a pretty uniform height,
forming a ring three or four minutes of arc in width, separated by
a somewhat definite outline from the outer corona, which reaches to
a much greater distance, and is far more irregular in form; usually
there are several ““rifts,” as they have been called, like narrow
beams of darkness, extending from the very edge of the sun to
the outer night, and much resembling the cloud shadows which
radiate from the sun before a thunder shower. But the edges of
these rifts are frequently curved, showing them to be something
else than real shadows ; sometimes there are narrow bright streamers
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as long as the rifts, or longer. These are often inclined, oc-
casionally are even nearly tangential to the solar surface, and
frequently curved. On the whole, the corona is usually less exten-
sive and brilliant on the solar poles, and there is a recognisable
tendency to accumulation above the middle latitudes or spot zones,

Fig. 19.—View of the Corona in a total eclipse.

so that roughly speaking the corona shows a disposition to assume
the form of a quadrilateral or four-rayed star, though in almost
every individual case this form is greatly modified by abnormal
streamers at some point or other.” Fig. 19 represents a view of
the corona during a totai eclipse.

We further present, in Plate V., the drawing made by Professor
W. Harkness, which represents the corona as obtained from a
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comparison of a large number of photographs taken at different
places in the United States during the total eclipse of July 29th,
1878.

As to the precise nature of this wonderful appendage, we must
for the present be content to wait for further light. Probably when
we understand the streamers of the aurora borealis and the tails
of comets, we shall have learned something of those substances,
well nigh spiritual in texture, which constitute the solar corona.

A remarkable appendage to the sun, which extends to a distance
much greater than that of the corona, produces the phenomenon
of the zodiacal light. A pearly glow is sometimes seen to spread
over a part of the sky in the vicinity of the point where the sun
has disappeared after sunset. The same spectacle may also be
witnessed before sunrise, and it would seem as if the material
producing the zodiacal light, whatever it may be, had a lens-shaped
form with the sun in the centre. The nature of this object is still
a matter of great uncertainty. We have represented in Fig. 20,
a view of this mysterious phenomenon.

In all directions the sun pours forth, with the most prodigal
liberality, its torrents of light and of heat. The greater part of that
light and heat seems quite wasted in the depths of space. Our earth
intercepts only the merest fraction, less than the 2,000,000,000th
part of the whole. Our fellow planets and the moon also intercept
a trifle; but what portion of the mighty flood can they utilise ?
The sip that a flying swallow takes from a river is as far from ex-
hausting the water in the river as are the planets from using all the
heat which streams from the sun. Were the radiation of the sun
to be intercepted, all life on this earth must cease. An immovable
atmosphere would brood over an ocean which, if not actually frozen,
could be only disturbed by the suller undulations of the tides, and
the silence of death over the surfice of the earth would only be
broken by the occasional groans of a voleano.

We must postpone to a future chapter the important question
of the source of the sun’s heat. Let us simply terminate this
chapter by a brief recital of what we at present enjoy by the benign
influence of the sun. His gracious beams supply the magic power



Fig. 20.—The Zodiacal Light in 1874.
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Tr the moon were suddenly to be struck out of existence, we should
be immediately apprised of the fact by a wail from every seaport
in the kingdom. From London, from Liverpool, from Bristol,
we should hear the same story—the rise and fall of the tide had
almost ceased. The ships in dock could not get out; the ships
outside could not get in ; and the maritime commerce of the world
would be thrown into dire confusion.

It is the moon which, principally, causes the daily ebb and flow
of the tide, and this is the most important work which the moon
has to do. Fleets of fishing boats around our coasts time their
daily movements by the tide, and are largely indebted to the moon
for bringing them in and out of harbour. Experienced sailors assure
us that the tides are of the utmost service to navigation. The
question how the moon causes the tides, must be postponed to a
future chapter, where we shall also sketch the marvellous part which
the tides seem to have played in the past history of our eartk.

E
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‘Who is there who has not watched, with admiration, the beau-
tiful series of changes through which the moon passes every month ?
‘We first “see her as an exquisite crescent of pale light in the
western sky after sunset. Night after night she moves further and
further to'the east, until she becomes full, and rises about the same
time that the sun sets. From the time of full moon the disc of
light begins to diminish until the last quarter is reached. Then
it is that the moon is seen high in the heavens in the morning.
As the days pass by, the crescent shape is again assumed. The
crescent wanes thinner and thinner as the moon draws closer
to the sun. Finally she becomes lost in the overpowering light
of the sun, again to emerge as the new moon, and again to go
through the same cycle of changes.

The brilliancy of the moon arises solely from the light of the
sun, which falls on the dark or not self-luminous substance of
the moon. Out of the vast flood of light, which the sun pours
forth with such prodigality into space, the dark body of the moon
intercepts a little, and of that little it reflects a small fraction to
illuminate the earth. The moon sheds so much light, and seems so
bright, that it is often difficult at night to remember that the moon
has no light except what falls on it from the sun. Nevertheless,
the actual surface of the brightest full moon is perhaps not much
brighter than the streets of London on a clear sunshiny day. A very
simple observation will suffice to show that the moon’s light is only
sunlight. Look some morning at the moon in daylight, and com-
pare the moon with the clouds. The brightness of the moon and
of the clouds are directly comparable, and then it is seen plainly
that the sun which illuminates the clouds has also illumined the
moon. The attempt has been made to measure the relative bright-
ness of the sun and the full moon. If 600,000 full moons were
shining at once, their collective brilliancy would be equal to that of
the sun.

The beautiful crescent moon has furnished a theme for many
a poet. Indeed, if we may venture on the most gentle criticism, it
would seem that some poets have forgotten that the moon is not
to be seen every night. A poetical description of evening is almost
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certain to be associated with a description of the moon m some
phase or other. We may cite one notable instance in which a
poet, describing an historical event, has enshrined in exquisite
verse a statement which cannot have been correct. Every child
that speaks our language has been taught that the burial of Sir
John Moore took place

¢¢By the struggling moonbeams’ misty light.”

There is an appearance of detail in this statement which wears
the garb of truth. We are not going to doubt that the night
was really misty, and inquire whether the moonbeams really had
to struggle into visibility, for the question is a much more
fundamental one. We do not know who was the first to raise the
point as to whether the moonbeams really shone on that memorable
event at all or not ; but the question having been raised, the Nautical
Almanac immediately supplies an answer. From it we learn in
language, whose truthfulness constitutes its only claim to be poetry,
that the moon was new on the 16th January, 1809, at one o’clock
in the morning of the day of the battle of Corunna. It is evidently
implied in the ballad that the funeral took place on the night
following the battle. We are therefore assured that the moon can
hardly have been a day old when the hero was consigned to his
grave. But the moon in such a case is practically invisible, and
yields no appreciable moonbeams at all, misty or otherwise. In-
deed, if the funeral took place at the ““dead of night,” as the poet
tells us it did, the moon must have heen far below the horizon at
the time.*

In alluding to this and similar instances, Mr. Nasmyth gives a
word of advice to authors or to artists who desire to bring the moon
on a scene without knowing as a matter of fact that the moon was
actually present. He recommends them to follow the example of
Bottom in Midsummer-Night’s Dream, and consult “a calendar,

* Some ungainly critic has observed that the poet himself seems to have felt a
doubt on the matter, because he Las supplemented the dubious moonbeams by the
“‘lantern dimly burning.” The more generous, if somewhat sanguine remark, has
been also made, that ‘‘the time will come when the evidence of this poem will
prevail over any astronomical calculations.”

E 2
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a calendar! look in the almanac; find out moonshine, find out
moonshine ! ”

Among the countless host of celestial bodies—the sun, the moon,
the planets, and the stars—the moon enjoys one special claim on
our attention. Tke moon is our nearest neighbour. It is just
possible that a comet may occasionally dart past the earth at a
smaller distance than the moon, but with this exception the other

Tig. 21.—Comparative sizes of the Earth and Moon.

bodies are all hundreds or thousands, or even many millions of
times as far off as the moon.

The moon is really one of the smallest objects visible to us
which the heavens contain. Every one of the thousands of stars
visible with the unaided eye is enormously larger than the moon.
The brilliancy and apparent size<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>