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PREFACE

———

Tue following volume, by an American Author, con-
tains a graphic and popular exposition of the great disco-
veries of astronomical science; and originated, as the
Author informs us, under the following circumstances.
The writer some time ago conccived the idea of erecting
a great astronomiced observatory in the city of Cincinnati.
I]lb atte n&m ecn for many years directed to this
subject, b¥ the dutxes of the professorship which he held
in the Cpllege. *Ip gitempting to communicate the great
truths of Astronot& there were no instruments at hand,
to confirm and fix the facts recorded in the books. Up to
that period America, and the western portions particularly,
had given but little attention to praetical Astronomy. An
isolated tclescope was found here and there scattered
through the country; but no regular organized observatory,
with powerful instruments, existed within the limits of the
TUnited States, so far as the writer knew.”

To ascertain whether any interest could be excited in
the public mind, in favour of Astronomy, a serics of lec-
tures was delivered in the Hall of the Cincinnati College.
Encouraged by the large audiences which continued
through two months to fill the lecture-room, and still more
by the request to repeat the last lecture of the course in
or.c of the great churches of the city, the Author matured
a plan for the building of an observatory. In pursuance
of that plan, and in consequence of the favour with which
it was received, he visited Europe, procured instruments,
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examined observatones, and obtained the requisite know-
ledge to eredt and conduct the institution which it wus
hoped would bé one day reared.

The hope ivas not groundless ;—subscriptions poured
1n, though not without difficulty ;—a large refractive teles-
cope was purchased, and a piece of ground was gencrously
given by a private individual for the site of an observatory.
'The work was pushed rapidly forward. In February, 1643,
the great telescope safely reached the city of Cincinnati;
and in March the building was ready for its reception.

The ten lectures which form this volume, were those to
which the observatory owes its origin.  The object of the
lectures is to trace the carecr of the human mind, in its
rescarches among the stars. “ No one science,” says the
Author, “so perfectly illustrates the gradual growth and
development of the powers of human genius as Astronomy.
'The movement of the mind has been constantly onward ;
its highest energies have ever been called into requisition;
and there never has been a time when Astronomy did not
present problems not only equal to all that man could do,
but passing beyond the limits of his greatest intellectual
vigour. Hence, in all ages, and countries, the absolute
strength of human genius may be measured by its reach to
unfold the mysteries of the stars.

* It will be seen that in the following lectures one single
object has engaged the attention of the writer: the struc-
ture of the universe, so far as revealed to the mind of man.

*The uses of science have in no way been considered,
The effects on the mind, on society, on civilization, on
commerce, on religion, have not been permitted to mar the
unity of the original design. The onward, steady, trium-
phant march of mind, in its study and exploration of the
universe of God, has been the only object, the single theme
of the entire series ”
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THE

ORBS OF HEAVEN.

INTRODUCTORY.

AN EXPOSITION OF THE YROBLEM WHICH THE HLCAVENS
FPRESENT FOR BOLUTION

HE subject to which your atten-
tion is wvited, claims no specific
connection with the eveyy day
struggle of human hfe. Far away
from the eaxth on which we dwell,
in the hlue ocean of space, thou-
sands of Lright orbs, in clusterings
and configniations of exceeding
beauty, invite the upward gaze of
man, and tempt him to the exam-
nation of the wonderful sphere by
which he is surrounded. The
starry heavens dov not display their
glittering constellations in the

. glare of day, while the rush and
tur:noﬁ of business mcapautate man for the enjoyment of their
solemn grandeur. It is in the stillness of the midnight hour,
when all nature is hushed in repose, when the hum of the world‘n
on-going is no longer heard, that the planets roll and shine, and
the bright stars, drooping through the deep heavens, speak to
the willing spint that would learn their mysterious being,

B




2 TAE ORBS OF MEAVEN

Often have I swept backwsard in imagination six thousand
years, and stood beside our Great Ancestor, as he gazed for the
first time upon the going down of the sun. What strange sensa-
tions must have swept. through his bewildered mind, as he
watched the last departing ray of the sinking orb, unconscious

N t!- g o =~ $
Adam contemplating the setting sun,

whether he should ever hehold its retwrn. Wrapt in a maze of
thougltt, strange and startling, his eye Yong lingers about the
point at which the sun had slowly faded from his view. A
mysterious darkness, hitherto unexperiemced, creeps over the
face of nature The beautiful scenes of earth, which, through
the swift hours of the first wonderful day of his existence, had
80 charmed his sensos, ave slowly fading one by one from his
dimmed vision, A gloom, deeper than that which covers earth,
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steals across the mind of earth’s solitary inhabitant. He raises
his inquiring gaze towards heaven, and lo! a silver crescent of
light, clear and heautiful, hanging in the western sky, meets his
agtonished eye. The young moon charms his untutored vision,
and leads him upward to her bright attendants, which are now
stealing, one by one, from out the deep blue sky. The solitary
gazer bows, and wonders, and adores. The hours glide by ; the
silver moon is gone ; the stars are rising, slowly ascending the
heights of heaven, and solemnly sweeping dowmward in the
stillness of the night. The first grand revolution to mortal
vision is nearly completed. A faint streak of rosy light is seen
in the east ; it brightens : the stars fade ; the planets are extin-
guished : the eye is fixed in mute astonishmeunt on the growing
splendour, till the first rays of the returning sun dart their
radiance on the yowng earth and its solitary inhabitant. To him
“the evening and the morring were the first day.”

The curiosity cxcited on this first solemn night, the conscious-
ness that in the heavens God had declared his glory, the eager
desire to comprehend the mysteries that dwell in these bright
orbs, have clung to the descendants of him who first watched
and wondered, through the long lapse of six thousand years. In
this boundless field of investigation, human genius has won its
most signal victories. Generation after generation has rolled
away, age after age has swept silently by, but each has swelled
by its contribution the stream of discovery. One bariier after
another has given way to the force of intellect ; mysterious
movements have been unravelled; mighty laws have been
revealed ; ponderous orbs have been weighed, their reciprocal
influences computed, their complex wanderings made clear ; until
the wmind, majestic in its strength, has mounted step by step up
the rocky height of its self-built pyramid, from whose star-
crowned summit it looks out upon the grandeur of the universe,
self-clothed with the prescience of a God. 'With resistless energy
it rolls back the tide of time, and lives in the configuration of
rolling worlds a thousand years ago; or, more wonderful, it
sweeps away the dark curtain from the future, and beholds those
celestial scenes which shall greet the vision of generations when
a thousand years shall have rolled away, breaking their noiseless
waves on the dim shores of eternity.

To trace the efforts of the human mind in this long and ardent
struggle ; to reveal ita hopes and fears, its long years of patient
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watching, its moments of despair and hours of triumph ; to
Adevelope the means by which the deep foundations of the rock-
" built pyramid of science have been laid, and to follow it as it
“glowly rears its stately form from age to age, until its vertex
'pierces the very heavens; these are the objects proposed for
" acoomplishment, and these are the topics to which I would invite
..your earnest attention. The task is one of no ordinary difficulty.
"Tt i8 no feast of fancy, with music and poetry, with eloquence
and art, to enchain the mind. Musie ig here ; but it is the decp
and solemn harmony of the spheres. Poetry is here; but it
must be read in the characters of light, written on tle sable
garments of night. Architecture is herc; but it is the colossal
structure of sun and system, of cluster and universe. Eloguencc
is here ; but “there is neither speech nor language : its voice is
not heard.” Yet its resistless sweep comes ever us in the mighty
periods of revolving worlds.

Shall we not listen to this music, because it is deep and solemn?
Shall we not read this pootry, because its letters are the stars of
heaven? Shall we refuse o contemplate this architecture,
because “its architraves, its archways, seem ghostly from infini-
tude?” Shall weturn away from this surging eloquence, Leeause
its utterance is made through sweeping worlds? No: the miud
is ever inquisitive, ever ready to atteiipt to scale the most rugged
steops. Wake up its enthusiasm, fling the light of hope o its
pathway, and no matter how rough, and steep, and rocky it
may prove, oNWARD! is the word which charms its willing
powers,

It is not my wish or design to introduce you to the dark
technicalities of science, neither do I propose to rest satisfied
with the barren statement of the results which have been reached
by the efforts of genius. While on the one hand I shall endea-
vour to shun all attempt at critical scientific demonstration,
which could only be intelligible to the professed student of
astronomy, I shall on the other hand fearlessly attempt such an
exposition of the processes and trains of rcasoning by which
great truths have been clicited, as to show to every intelligent
mnind that the problem is not impossible ; by simplicity of lan-
guage, by familiar illustrations, to fling light enough upon these
mysterious propositions ;—to show a pathway, though it be dim
and rugged, still a pathway, which, if pursued, shall certainly
lead to a full and perfect solution. I ask, then, no critical pre-
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vious knowledge of the subject, on the part of those who would
follow me in the wonderful developments which I am about to
attempt. Give me but your earnest and unbroken .attention.
Go with me in imagination, and join in the nightly vigils of the
astronomer, and while his mind with powerful energy struggles .
with difficulty, join your own sympathetic efforts with his, hope
with his hope, tremble with his fears; and rejoice with his triumphs.
Tond me but this kind of interest, and my task is already half .
wwecomplished. .
Sefore pruceeding to an actual exposition .of the structure of
the Heavens, 1 propose in this introductory lecture to announce
the nature of the problem, which the mind has essayed to resolve,
:nd to peint ut the more important auxiliaries, mental and
mechanient, woich it has conjured to its aid. 1f the difficulties
of this problere skould overwhelm the mind, lel it Le remem-
bored that the astrovomer has cver lived, and never dies. The
sentinel upon the wateh-tower is relieved from duty ; but another
takes his place, and the vigil is unbroken. No: the astronomer
aever dies  Tle commences his investigations on the hill tops of
Eden ; be studies the stars through the long centuries of ante-
difuvian life. The deluge sweeps from the earth its inhabitants,
their eitics and their monuments ; but when the storm is hushed,
awel the heavens shine forth in beauty, from the suvmmit of
Mount Avarat the astronomer resumes his endless vigils, In
Babylon he keeps hie watel, and among the Kgyptian priesis he
iuspires a thirst for the sacred mysteries of the stars. Theplains
of Shinar, the temples of India, the pyramids of Egypt, are
cqually his watching-places.  When science fled to Greece, his
home was in the schools of her philosophers ; and when dark-
ness covered the earth for a thousand years, he pursued his never-
ending task from amidst the burning deserts of Arabia. When
science dawned on Europe, the Astronomer was there, toiling
with Copernicus, watching with Tycho, suffering with Galileo,
triumphing with Kepler. Six thousand years have rolled away
since the grand investigation commenced. We stand at the
terminus of this vast period, and, looking back through the long
vista of departed years, mark with honest pride the successive:
triumphs of our race. Midway between the past and future, we
sweep backward and witness the first rude effort to explain the
celestial phenomena : we may equally stretch forward thousands
of years, and although we cannot comprehend what shall be the'



6 THE ORBS OF HEAVEN

condition of astronomical science at that remote period, of one
thing we are certain ; the past, the present, and the future, con-
stitute but one unbroken chain of observations, condensing all
time, to the astronomer, into one mighty nosw.

From the vantage ground which we occupy, it will not be
.difficult to amnounce so much of the great problem as has
already been resolved, and to form some approximate conception
of what remains for future ages to accomplish.

In the exposition about to be attempted, I do not propose to
present any trains of reasoning, or any results which may have
heen reached. These shall engage our attention hereafter. At
present, permit me simply to translate into language the questions
which the visible heavens propound.

The most cursory examination of the celestial vault reveals
the fact, that not one solitary object, visible. to the eye, is at
rest. Motion is the attribute of sun and moon, and planets
and stars, The earth we inhabit alone remains fixed, to the
senses,

The first great problem propounded for human ingenuity, is
to sever real motion from that which is unreal and only apparent.
To accomplish this, some knowledge of the form of the earth
which we inhabit must be obtained. Not only must we acquire
a knowledge of its figure, but in like manner we must learn with
certainty its actual condition, whether of rest or motion. If at
absolute rest in the centre of the universe, then the rising sun,
the setting moon, the revolving heavens, are real exhibitions,
and must be examined as such. On the contrary, should it be
found to be impossible to predicate of the earth absolute immo-
bility, then arises the complicated question, how many motions
belong to it 1 and with what velocity does it move ? If a motion
of rotation exist, what is the position of the axis about which it
revolves, and is this axis permanent or changeable ? If a motion
of translation in space must be adopted, then whither is the
earth urging its flight ? what the nature of the path described ?
the velocity of its movement, and the laws by which it is
governed ! These are some of the questions which present
themselwgpin the outset, touching the condition of the earth, on
whose surface the astromomer js located, in his researches over
the heavens,

3eyond the limits of the earth, a multitude of objects present
"“themselves for examination : a.nd first of all the sun, the great
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source of life, and light, and, heat, demands the atbention of the
student of the heavens, That some iuserutable tie binds it to
the earth, or the earth to. it, was early recognised in the fact,
that whether the sun was mwving ar ab vest, the relative distance
of it and the enrth mever changed by sny great amount ; and
whatever changes did ocour, were all obliterated in a short
period, and the distance by which these bodies are separated
was restored tu its primitive value, to reeomumence ite cycle of
changes in the same precise order. Here, then, was a grand
problem : to determine the relations existing betwoen the sun
aral earth ; to endue with motion that one of these bodies which
did move ; and to fix the limits within which the observed
changes occurred, both in time and distance,

Whilc the connection botween the sun and earth was certain,
a mutual dependeyce between the earth and the other great
source of light, the moon, was equally manifest. The invari-
ability in the apparent diameter of the moon demonstrates the
fact, that whether the earth were moving or stationary, the
10on never parts company with our planet. In all her wander-
ngs among the fixed stars, in her elongations from the sun, in
her wondrous phases and perpetual changes, some invisiblo hand
held her at the same absolute distance from the earth. But to
decide whother this power resided in the earth or the moon, or
in both ; to explain these wondrous changes from the silver
crescent of the western sky to the full orb whiech rose with the
setling sun, pouring a flood of light over all the earth; to
develop the mysterious connection between the disappearance of
the moon and those terrific phenomens, the going out of the
sun in dim eclipse ; these furnished themes for investigation,
requiring long centuries of pationt watching, and of never-ending
toil.

Passing out from the sun and moon to the more distant stars,
among the brightest of those which gemmed the nocturnal
heavens, a few were found differing from all the rest in the fact
that they wandered from point to point, and, at the end of inter-
vals widely differing among themselves, swept round the entire
henvens, and returned to their starting point, to recommencs
their ceaseless journeys. These were named planets, wanderers,
in coniradistinction to the host of staxs which were fixed in
position, unchanged from century to century.

Hence arose a new and profound series of investigations:
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‘Where were ‘thede wandering gtars nrging thewr flight? Were
their motions wreal or apparent I Were their distances equal or
uwnequal 7 - Did any tie bind them to the earth, or io the sun, or
to each other 7. Were their distances from the earth constant
or variable? Were their motions irregular, or guided by law ?
Did they accomplish their revolutions among the fixed stars in
regular curves, or in lawless wanderings? Among all the
moving bodies, sun, moon, and planets, could any principle of
association"be {raced which might bind them together, and form
them into a coinmon system§. -

To resolve these profound questions, g critical walich is kept
on all the moving bodies. Their pathway is among the stars,
and to these ever-during points of light their positions are con-
stantly referred. " If beyand the limits of the moving bodies a
dark veil had been drawn so as to have exgluded the light of
the stars, at the first glance it might seem that by such a change
simplicity would have been introduced, and the perplexity arising
from the motion of ihe planets amdng the profusely scattered
starg would have been removed. But let us not judge too
hastily. Blot out the stars, and -give to the sun, moon, and
planets, a blank heavens in which to move, and the possibility
of unravelling their mysterious motions, mutual relations, and
common laws is gone for ever. .

This will become manifest when we reflect that on such a
change, not a fixed point in all the heavens would remain, to
which we could refer s moving planet. They must then be
referred to each other, and the motion due to the one, would
become inextricably involved in that due to the other, and neither
could be determined with any precision. Like the ocean islands
which guided the early mariners, so God has given to us the stars
of heaven as the fixed points to which we can ever refer, in all
parts of their revolution, the places of the wandering planets, and
the swiftly revolving moon.

As the necessity for accuracy in watching the movements of
the planets became more apparent, the attention was directed to
the acquisition of the means by which this might be accomplished..
Hence we find in the earliest ages the astronomer grouping the
fixed stars into constellations, breaking up the great sphere ot
the heavens into fragments, the more easily to study its parts in
detail. Not only are the stars of each constellation numbered.
their brilliancy noted, but their relative places in the constellation
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and to each other are fixed with all the precision which the rude
means then in use permitted. Names are fixed to these different
groupings ; when, or where, or by whom, we know nqt. Neither
history nor tradition leads us back tothis first breaking up of
the heavens, but the names then bestowed on.the fragmentary
parts, the richer constellntions, have survived the fall of empires,
and are fixed for ever in the heavens.

Chaldean Shepherds

Possessing now a thorough knowledge of
the objects mmnong which the planets were
i moving, and the means of measuring with
# approximate aceuracy, their distance from the stars
along their path, it became possible to trace a planct
in its career, and to note the changes of its velocity.
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New and wonderful discoveries were thus made. It was found
that all the planets moved with an irregular velocity. Sometimes
swiftly advancing among the fixed stars, then slowly relaxing
their speed, they .actually stopped, turned backward in their
carcer, stopped agnin, and them, at first slowly, but afterwards
more rapidly, resumed their onward motion. These strange
and anomalous motions, differing from anything remarked in the
sun and moon, furnished new themes for diseussion, new problems
for. solution. While the phenomena above alluded to became
known, the same ehain of observations revealed the remarkable
fact, that the perioda of revolution of the pianets, though differing
for each one of the group, were identieal for any one individual ;
and moreover, that a simple curve marked out the pathway of
sun, moon, and plamets, among the fixed stars, and that all
these wandering bodies were confined to a payrow zemwe or belt
in the heavans. )

Cexturies had now rolled sway, nay, even thousands of years
had slowly glided by, sinee the mind had firat given itself to the
examination of the heavens ; and while discovery after discovery
hod rewarded the zeal of the ohserver in éwery age, yet the
grand object of researel, the distinetion between actual and
apparent motion, had thus far eluded the utmost efforts ot
human genius. But a brighter day was dawning. Fach suo-
cegsive effort tore away some petty obstruction which impeded
the march of mind upward towards the lofty region of truth.
Facts grew and multiplied. Phenomena, striking and diversified,
were collated and compared. The mind in imagimation took
leave of the earth as the centre of all these complex movements,
irexplieable on its surface, and naturally urged its flight towards
the sun. There it paused and rested, and from this fixed point
looked out npon the circling orbs, and lo! the complexity of
their movements melted away. The centre was found, the
myatery solved, the ponderous earth rescued from its false posi-
tion, rolled in its place among the planets, one of the great family
that swept ip beauty and harmony about their commen parent
the sun.

The mind now stood upon the first platform of the rocky
pyramid which it had been slowly rearing, and with which it
hnd been slowly rising, through long centuries of ceaseless toil.
One grand point had been gained. Darkness had given way to
light, but the great problem of the universe was yet to be
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resolved, All this Jong and arduqus struggle had only revealed
what the problem was, Appearances were now geparated from
realities, and with a fresh and invigorated courage the human
mind now gave its energies to the accomphahmem of definite
objects, no longer working wneertainly in the dark, but with the
clear light of truth to guide and conduct the investigation.

Pussessed of theso extraordinary advantages, the advance now
became rapid and brilliant, as it had previously been slow and
discouraging. That the planets, reckoning the earth as one, con-
stituted a mighty family of worlds, was now manifest ; whether
Luked singly to the sun, or mutually influencing each other, was
the grand question, This great problem rested upon the resolu-
tion of a multitude of subordinate ones. The actual ecurve con-
stituting the planetary orbits, the magnitude of these orbits,
their actual position in space, the values and directions of their
principal lines, the laws of their motion, all these and many
more questions of equal importance and intricacy  presented
themselves in the outset of the examination npw fairly com-
rwnced. Human skill was exhausted in the contrivanco and
construction of mechanical aids by which the movements of the
plancts might be watched with the greater accuracy. Partial
success crowned these extraordinary efforts, but there yet
remained delicate investigations which with the utmost skill in
observiug escaped the farthest reach of man's eagle gaze, and
sevimed to bid defiance to all his powers.

To conquer tuesc difficulties, one of two things must be accom-
plished ; either man must sweep out from earth towards the
distant plancts, to gain a nearer and more accurate view, or else
bring them down from their lofty spheres to subject themselves
tv his scrutinising gaze. Ilow hopeless the accomplishment of
cither of these impossible alternatives | But who shall prescribe
{he litnits of human genius 1 In studying the phenomena of the
pussage of light through transpavent crystallised bodies, a prin
ciple was discovered which let in a gleam of hope on the disheart-
ened wind, It seized this principle, converted it to its use, and
armed itself with an instrument more wondérful than any that
fancy in ita wildest dreams ever pictured to the imagination.
‘With the potent aid of this magic instrument, the astronomer was
no longer bound hopelessly to his native earth ; without indeed
quitting in person its surface, his eye, gifted with superhuman
power, ranged the illimitable fields of space. e visited the moon,
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and found a world with its lofty mountains and spreading valleys.
The star-like planets swelled into central worlds, with their
eircling moons ; and myriads of fixed stars, hitherto beyond the
reach of human vision, stood revealed in all their sparkling
beauty. Tt was as if the united ranges of a thousand eyes were
all concentrated in a single one.

A new era now dawns on the world. The delicate and invisible
irregularities of the planetary motions are now fully revealed,
and the data rapidly accumulate by means of which the last grand
question is {0 be resolved. The orbitual curves are determined.
The laws of the revolving planets are reveal'd. A inysterious
relation between the distances of the planets from the sun and
their periods of revolulion, unites them positively into one grand
family group. That they are bound to the sun by some inscru-
table power, is certain, and it now remains to_determiue the law
of increasc and decrcase of this force for all possible distances.
This last truth is finally achieved, and the wisdom of God is
vindieated in the beautiful structure of our grand system.

The second lofty platform is reached in the mighty pyrauiid,
whose summit is now nearing the stars of heaven. From Lhis
elevation the mind looks out upon the circling planets and their
revolving satellites, and the mysterious comet, and ventures o
propound the question, Do these bodies so interfere with the
movcients of each other, as to affect permanently the structure
by which the equilibrium and stability of the cutire system is
guaranteed ?

To answer this question, a new train of investigation is com-
menced, salellite is weighed against planet, and planet against
the sun, until the mass of matter contained 1 each individual of
the system becomes accurately known. Then is undertaken the
grand problem of perturbations. The telescope reveals the fact
that slow and mysterious changes are going »n in the mean
motions of the moon, in the figure of the planetary orbits, and
in the relative positions which these orbits hold to each other.
Are these changes ever progressive ? If this be true, then does
$he system contain within itself the seeds of decay, the elements
“of its own destruction. Slowly but surely as the solemn tread
of time, the end must come, and, one by one, planet and satellite
and comet, must sink for ever in the sun! Long and arduous
“was the struggle to reach the true answer to this difficult question.
The entire solution involved a multitude of parts,
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‘When the mutual dependence of the multitude of bodies con-
stituting our system was discovered, when planet, and satellite,
and comet, were found to feel and sway to the influence which
each exerted on the other, the simplicity of their movements
was gone for ever; orbits once fixed in the heavens, slowly
swung away from their moorings ; the beautiful precision which
had to all appearance marked the planetary curves, was
destroyed. The regularity of their motions was changed nto
irregularity, awd a system of complexity which seemed to bia
defiance to all effort al comprehension, preseuted itself to the
human intellect.

It was no less than this : given, a systewm of revolving worlds.
mutually operating on cach otl or; required, their magnitudes
masses, distances, motions, and positions, at the close of a
thousand revolutigns. What mind possessed the gignntic power
to grasp this mighty problem? Reason was lost in wandering
mazes, and the brightest intellect sunk clouded in gloom.

1n this dilemma, the mind turns inward on its own resources.
As the physical man climbg some mountain height by successive
efforts, rising higher and higher, scaling rock after rock, and
moniing precipice after precipice, by the use of strength com-
paralively feebie, resting nnd recruiting as it becomes exhausted ;
wi it noposgible o contrive sowe mental machinery which
aaighd, give to the reason ihe power of prosecuting its difficult
researches, nrs o« nomanne e that it might stop and rest, and not
fose what & bt aesedy gained m ils onward movement ?

Geopretry had dnvigoated the veisou, as exercise toughens
amd strengthens the moselis of the human frame.  But it had
given to the mind uo wechanien] power, wherewith to con-
quer the difticulties which rose superior to its natural strength.
Archiinedes wanted tut o place whereon to stand, and with his
potent Jever he would 1ifi the world. The astronomer demands an
analogous mental machinery to trace out the complex wanderings
of a system of worlds. What the human mind demands and
vesolves to find, it never fails to discover. The infinitesima.
analysis is renched, its principles developed, its resistless power
compelled into the service of human reason. I shall not now
stop to explain the nature of this analysis. Its power and
capacity alone engage our attention at the present. Once hav-
ing seized on a wandering planet, it never relaxes its hold;
no matter how complicated its movements, how various the
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influences to which it may be subjected, how numerous its revo-
lutions, no escape is poassible, This subtle analysis clings to its
objest, tracing its path and fixing its place with equal ease,
at the beginning, middle, or close' of a thousand revolutions,
though each of these should require & tentury for its accom-
plishment,.

Armed with this analysis, which the mind had created for its
use, giving it a strength only commensurate with the increased
power which had been given to the humsn eye, it concentrated
its energies once more upon this last greatest problem. One by
one these strong-holds give way, the resistless power of analysis
marches onward from victory to victory, until finally the sublime
result is reached, the systemn is stable, the equilibrium is perfect ;
slowly rockipg to and fro in periods which stun the imagination,
the limits are prescribed beyond which thess fluctuations shall
never pass.

Here it would seem that human ambition might rest. Satisfied
with having mastered the mysteries of the system with which
we are united, the mind might cease its ardunus struggle, and
leave the wilderness of fixed stars free from its intrusions and
ceaseless persecutions. But this is not the effect produced by
victery ; success but engenders new desires, and prompts to
more difficult enterprises. Man having obtained the mastery
over his own gystem, boldly wings his flight to the star-lit vault,
and resolves to number its countless millions, to circumscribe its
limitless extent, to fathom its infinite depth, to fix the ceutre
nbout, yghich this innumerable host is wheeling its silent and
mysterious round.

Here commences a new era. The first atep in the stupendous
enterprise is to determine the distance of some one fixed star.
Here again the mind is long left to struggle with difficulties
which it seemed that no ingenuity or skill conld remove, But
its efforts do not go unrewarded. If it fails in the accomplish-
menfof ifs grand object, it is rewarded by the most brilliant
discoveries. The mighty law governing the planetary worlds is
extended to the regions of the fixed stars; motion is there
detected, orbitual motion, the revolution of sun about sun. The
swift velocity of light is measured, to become the future unit in
the expression of the mighty distances which remain yet to be
revealed. Ever baffled but never conqmered, the mind returns
again and again to the attack, till finally the problem slowly



“THE ORBS OF HEAVEN, 15

yields, the immeasureable gulf is passed, and ‘the distance of a
single star rewards the toils of half a century. But what a
triumph is this | it 8 no less than a revelation of ‘the scale on

which the universe is built. The interval from sun to fixed stars,
is that by which the gtars are separated ; and a reach of distance
is opened up to the mind, which it only learns to cmtemplate by
long continued effort.

';But another startling fact is revealed in the prosecution of
these profound investigations. The minute examinations of the
fixed stars have changed their character. For thousands of
years they have been regarded as absolutely fixed among each
other. This proves to be mere illugion, resulting from the use
of means inadequate for the Jetermination of their minute
changes. TUnder the scrutinising gaze of the eye, with its power
increased a thousapd-fold, the millions of shining orbs which £11
the heavens, are all found to be slowly moving around each
other, slowly, as seen from our remote position, but with amazing
velocity when examined near at hand.

A new problem of surprising grandeur now presents itself.
Are these motions real? or are they due to a motion in the
great centre of-our system ? A series of examinations analogous
1o those which divided between the real and apparent motivns
in the planets, is commenced and prosecuted with a zeal and
devotion unsurpassed in the history of science. The 1nind rises
to meet the sublime investigation. For a hundred years it toils.
on ; again it triumphs. the truth is revealed. The immobility of
the sun is gone for ever; our last fixed point is swept from
under us, and now the entire universe is in motion.

‘With redoubled energy the mind still prosecutes the inquiry,
whither is the sun sweeping, and with what velocity does it
pursue its unknown path ¢ Strange and incredible as it may
appear, these questions are answered ; and in attaining this
answer, the means are reached to separate between the real and
apparent motions of the fixed stars, and to study their complex
changes, and to rise, by slow degrees, to a cowmplete knowledge
of the movements of the grand sidereal system. Here we pause.
Rapidly have we descended the current of astronomicul research,
we have attained the boundary of the known. We stand on the
dim confines of the unknown.' AH behind us is clear, and
bright, and perfect ; all befors us is shrouded in gloom, and
darkness, and doubt. Yet the twilight of the known flings



18 TIE ORBS OF HEAVLN.

its feeble light into the domain of the unknown; and we are
permitted to gather some idea, not of all that remains to be done,
but of that which must be first accomplished.

Let us then stretch forward and propound some of those
questions which nature yet presents for solution, but which have
hitherto resisted the efforts of the human mind. First of all, we
begin with our own system. How came it to be constituted as
it actually exists ? .All the analogies of nature forbid the idea
that it was thus instantly called into being by the fiat ot
Omnipotence. Poes it come, then, from some primitive modifi-
cation of matter, under the aetion of laws working oul their
results in countless millions of ages? Who shall present the
true cosmogony of the solar system %

But this is only ope unit among many millions. Whence the
myriads of stars? those stupendous aggregations into mighty
clusters 7 what the laws of their wonderful movements, of their
perpetual stability ? 'Who will explain the periodical stars, that
wax and wane, like the changing moon; or, still more wonderful,
reveal the mystery of those which have suddenly burst on the
astonished vision of man, and have as suddenly gone out for ever
in utter darkuess ?

Such are the questions which remain for the resolution of fature
ages. We may not live to witness these anticipated triumphs of
mind over matter ; but who can doubt the final result? Look
backward to the Chaldean shepherd, who watched the changing
moon from the plains of Shinar, and, wondering, asked if futwre
gencrations would reveal those mysterious phases. Compare his
mind and knowledge with those of the modern astronomer, who
grasps, at a single glance, the past, present, and future changes
of an entire system. Arec the hcights which remain to be
reached more rugged, more inaccessible, than those which have
been alveady so triumphantly scaled ? The observations recorded
in Babylon three thousand years ago have reached down through
the lon ies of centuries, and are of inestimable value in the
solutm%ome of the darkest problems with which the mind
has .ever Brappled. In like manner, the records we are now
making shall descend to unborn generations, and contribute to
effect the triumphs of genius when three thousand years shall
have rolled away. If doubt arises as to the final resolution of
these profound questions, from the immense distance of the
objects under examination, let us call to mind the fact, that the
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artifieip] eye which man has fuynished for his use, posaesses a
glance so piercing, that no distance can hide an object from hia
searching vision. ‘

Should Sirius, to esoape this fiery glapos, dart away from its
sphere, and wing its flight ab a veloaliy of twelye millions of
wiles in every minute, for s fhowsand years; nay, should it
sweep onward at the same speed for ten thousand yoars, this
stupendoua distanos cannot buvy it. feora the parsecuting gaze of
man, But if distance ik to form.no parvier, Bo terminus o these
nvestigations, surely there is one element which-no human
ingenuity can overcome. The complax movements of the plane-
tary orbe have been revealed, beconse they have been repeated a
thousand times under the eye of man, and from o comparison of
many revolutions, the truth bas been evolved, But tena of
thousands of y muat roll away befors the most swiftly
moving of all the fixed stars ahall complete aven & small frag-
ment of its mighty orbit, With motions thus shrouded, these
wanld seem to be in entire seourity from the Inquisitive research
of & being whose whale sweep of existence is but a mement, when
compared with theso west perlods. Put leb us not judge foo
hastily, The same plercing vislon that follows ihe retyesting
stur to depths of space almoat infinite, is armed with a power
80 great, that if this same ster should comsmenge to yevolve
around some grand centre, and move o slowly that five millions
of years must roll away before it ean complete ons clrouif,
not even a single year shall hefore it mation shall be des
teoted ; in ten years s shall be reveslsd ; and in
3: lifotime of & siugle observer s mighty pariod shall basome

v, A

If human genius is not bo be bafMed elther by dlstanse or tims,
numbers shall overwhelm it; and the stars shall find thelr ssfety
in their inpumerable millions. This retreat may even fail. The
watchbowers of science now cover the whole earth, and the.
sontinels never sleep. No star, or cluster, or constellation ean
ever sep. If escapes the scrutinising gaze of one astronomer to
meel the equally piercing glance of another, Enast and west, and
uorth and sputh, from the watch-towers of the four quarters pf
the globe, peals the solemn mandate, Onword !

Hgre we pause. 'We have closed the enunciation of the greas
problem whose discussion and solution le before us, a problém
whose solution has been ,in progress six thousand years ; one

G
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which has furnished to man the opportunities of his loftiest
triumphs, one which has taxed in every age the most vigorous

Pyramlds on s starry night

efforts of human genius; a problem
whose successive developments have
demonstrated the immortality of mind,
snd whose sublime results have vin-
dicated the wisdom and have declared
the glory of God. You have listened
to the enunciation, we now invite you
to follow us in the demonstration. And may that Almighty
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power, which built the heavens, give to me wisdom to reveal,
and to you power to grasp, the truths and doctrines wrested
by mind from nature in its long struggle of sixty centuries
of toil ] S

Statue of Newton at Cambridge.



LECTUBRE IL

THE DISCOVERIES OF THE PRIMITIVE AGES.

O those who hage given but little
attention to the science of astro-
momy, its truths, its predictions,
ite revelations, are astonishing ;
and but for their rigorous verifica-
tion would beabsolutely incredible.
‘Whaep we look out upon the multi-
tude of staxs which adorn the noc-
turmal heawens, seattered in Lright
profusion in all directions, appa-
rently without law, and regardless
of order; when, with telescopic aid,
thousands are increased to millions,
snd. suns, and systems, and uni-
werses Tise in gublime perspective,

) 2% the visual ray sweeps outward to

distances which defy the powers of arithmetic to express ; how

utterly futile does it seem for the mind to dare to pierce and pene-
trate, to number, weigh, measure, and circumseribe these innu-
merable millions! It is only when we remember, that from the
very cradle of our race, strong and powerful minds have, in rapid
and continuous succession, bent their energies upon the solution of
this grand problem, that we can comprehend how it is that light
now breaks in upon us from the very confines of the universe,
dimly revealing the mysterious forms which lie yet half concealed
in the unfathomable gulphs of space. When I reflect on the
recent triumphs of human genius ; when I stand on thewshore of
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that mighty stream of discovery, which has grown broader and
deeper as successive centuries have rolled away, gathenng in
strength and intensity, until it has embraced the whole universe
of God ; I am carried backward through thousands of years, fol
lowing this stream, as it contraets towards ita source, till finally
its silver thread is lost i in the clouds and mists of antiquity.

1 would fain stand at the very source of diseovery, and commune
with that unknown god-like mind which first conceived the
grand thought, that even these mysterious stars might be read,
and that the bright page which was nightly unfolded to the
vision of man needed no interpreter of its solemn beauties but
human genius. There is, to my mind, no finer specimen of moral
grandeur than that presented by him who first resolved to read
and comprebend the heavens. On some lofty peak he stood, in
the stillness of the midnight hour, with the listening stars as
witnesses of his vows, and there, conscious of his high destiny,
and of that of his race, resolved to commence the work of ages.
“ Here,” he exclaimed, “is my watch-tower, and yonder bright
orbs avre henceforth my solitary companions. Night after night,
year after year, will I watch and wait, ponder and reflect, until
some ray shall pierce the deep gloom which now wraps the world.”

Thus resolved the unknown founder of the science of the stars.
His name and his country are lost for ever. 'Whak matters this,
since his works, his discoveries, have endured for thousands of
yeuars, and will endure as long as the moon shall continue to fill
her silver horn and the planets to roll and shine ?

Go with me, then, in imagination, and let us stand beside this
primitive observer, at the close of his career of nearly a thousand
years, (for we must pass beyond the epoch of the deluge, and
seck our first discoveries among those sages whom, for their
virtues, God permitted to count their age, not by years, but by
centuries,) and here we shall learn the order in which the secrets
of the starry world slowly yielded themselves to long and perse-
vering scrutiny. And now let me unfold, in plain and simple
laagusge, the train of thought, of reasoning, and research, which
marked this primitive ers of astromomical science. It is true
that history yields no light, and tradition even fails ; but such is
the beautiful order in the golden chain of dmcovery, that the
bright links which are known, reveal with certainty those which
are buried ‘b the voiceless past. If, then, it were possible to
read the recbds bf the founder of astronomy, graven on seme
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column of granite, dug from the earth, whither it had been
liorne by the fury of the deluge, we know now what its hiero-
glyphics would reveal with a certainty scarcely less than that
which would be given by an actual discovery, such as we have
anpgined. 'We ave certain that the first disevvery ever recorded,
as the result of human observation, was on the moon,

The sun, the moon, the stars, had long continued to rise, and
climb the heavens, and slowly sink beneath the western horizon.
The spectacle of day and night was then, as now, familiar to
every eye ; butin gazing there was no observation, and in mute
wonder there was no science. 'When the solitary observer took
his post, it was to watch the moon. Her extraordinary phases
had long fixed his attention. Whence came these changes?
The sun was ever ‘round and brilliant, the stars shone with
undimmed splendour, while the moon war ever waxing and
waning—sometimes a silver crescent, hanging in the western
sky, or full orbed, walking in majesty among the stars, and
cclipsing their radisnce with her overwhelming splendour.
Scarcely had the second observation been made upon the moon,
‘when the vbserver was struck with the wonderful fact, that she
had left her place among the fixed stars, which on the preceding
night he had accurately marked. Astonished, he again fixes
her place by certain bright stars close to her position, and waits
the coming of the following night. His suspicions afe confirmed,
—the moon is moving ; and, what to him is far more wonderful,
her motion is precisely. contrary to the general revolution of the
heavens—irom east to west. With a curiosity deeply aroused,
he watches from night to night, to learn whether she will return
apon her track ; but she marches steadily onward among the stars,
until she sweeps the entire circuit of the heavens, and returns
to the point first occupied, to recommence her ceaseless cyeles.

An inquiry now arose, whether the changes in the moon, her
increase and decrease, conld in any way depend on her place
among the fixed stars. To solve this question, required a longer
period. The group of stars among which the new moon was
first seen was accurately noted, so 28 to be recognised at the
following new moon, and doubtless our primitive astronomer
hoped to find that in this same group the silver crescent, when it
should next appear, would be found. But in this he was dis-
appointed ; for when the moon became first' faintly visible in the
western sky, the group of stars which had ushered her#h before,
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had disappeared below the horizon, and a-new group had taken
its place ; and thus it was discovered that each syccessive new
woon fell farther and farther backward among the stars. By
counting the days from new moon t_q new moon, and these which
elapsed while the moon was passing round the heavens from a
certain fixed star to this same star again, it was found that these
-two periods were different ; .the revolution from new to new
occupying 294 days, while the sidereal revolthon, from star to
star, required 27§ days.

This backward motion of the moon a.mong the stars, wnust
have perplexed the early astronomers ; and, for a long while, it
was utterly impossible to decide whether the motion was real
or only apparent : analogy would lead to the conclusion that all .
motion must be in the same direction, and as the heavens re-
volved from east $o west, it seemed impossible that the moon,
which manifestly participated in this general movement, should
have another and o different motion, from west to east, There
was one solution of this mystery, and I have no doubt it was for
a long while accepted and believed. It was this; by giving to
the moon o slower motion from east to west than the general
motion of the heavens, she would‘appear to lag behind the stars,
which would, by their swifter velocity, pass by her, and thus
woeasion in her the observed apparent motion, from weést to east.
We shall sec presently how this error was detected.

The long and ascurate vigils of the moon, and the necessity ot
recognising her place, by the clusters or groups of stars among
which she was nightly found, had dlready familinrised the eye
with those along her track, and even thus early the heavens
began to be divided into constsllntmns. The eye was not long
in detecting the smgu}ar fact, that this stream of constellations,
lying along the moon’s path, was constantly flowing to the west,
and one group after another apparently dropping into the sun,
or, at least, becoming invisible in consequence of their proximity
to this brilliant orb A, closer examination revealed the fhct,
that the aspect of the whole heavens was changing from month
to month, Constellations which had been conspicuous in the
west, and whose brighter stars were the first to appear 48 the
twilight faded, were found to sink lower and lower towards the
honm, till they were no lomger seen ; while new groups | were

. constautly appearing in the east.
These wonderful changes, so strange and inexplicable must
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have long perplexed the eaxly stodent of the heavens. Hitherto,
"t stary wlong the ttcon’s reute had enghged special attention ;
‘but at length certain Lright and conspicuous constellations,
towprds the north, arrested . the ¢ye :'and these were watched
to see whether they would disappear. Some were found to dip
below the western horizon, soon to.re-appear in the east ; while
vthers, revolving with the general heswens, rose high above the

" “horizon, swept steadily round, sunk far down, but never dis-
appeared from the sight. This remarkable discovery soon led
to another equally important. In watching the stars in the
north through an entire night, they all seemed to describe circles ;
having a common centre, thess circles grew amaller and smaller
as the stars approached nearer to the centre of revolulion, until
finally one bright star was found, whose position was ever fixed ;
nlone unchanged, while all else was slowly, moving. The dis-
covery of this remarkable star must have been hailed with
uncommon delight by the primitive observer of the heavens.
If his deep devotion to the study of the skies had created sur-
prise among his rude countrymen, swhen he came to point themn
o this never changing light ‘hung up in- the heavens, and ox-
plained its uses in guiding theit wanderings on the carth, their
surprise must have given place to admiration. Here was the
first valuable gift of primitive astronomical seience to man.

But, to the astronomer, this discovery opened up a new field
of investigation, and light began to dawn on' some of the most
mysterious questions which had long perplexed him, I1Ie¢ had
watched the constellations near the moon’s track slowly dis-
appear in the effulgonce of the sun, and when they were next
woen, it was in the east, in the early dawn, apparently emerging
from the solar beams, having actually passed by the sun.
"Watching and reflecting, steadily pursuing the march of the
-northern constellations, which never entirely disappeared, and
noting the relative positions of these, and those falling into the
suh, it was at last discovered that the entire starry heavens were
slowly moving forward to meet and pass by the sun, or else the
sun itself was actually moving backward among the stam, This
apparent motion had already been detected in the moon, and
now came the reward of long and diligent perseverance, - The
gramd discovery was made that both the sun and moon were
moving among the fixed stars, not apparanily, but -abselutely.
The previously received explanation of the moon's.smotbon could
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no longer be sustained ; for the starry heavens could not at the
game time so move a8 to pasa by the moon in one month, and to
pass by the sun in o period twelve times a5 great, A train of
the most important conclusions flowed at once from this great
discovery. The starry heavens-passed bemeath and around the
earth ; the sun and moon were wandering in the same direction,
but with different velocities, among the stars ; the constellations
actually filled the entire heavens above the earth and beneath
the earth ; the stars were invisible in the day-time, not because
they did not exist, but because their feeble light was lost in the
superior brilliancy of the sun, The heavens were spherical, and
encompassoed, like a shell, the entire earth; and hence it was
conceived that the earth itself was also & globe, occupying the
centre of the starry sphere.

It is impossibledfor us, familiar s weare at this day with theso
important truths, to appreciate the rare merit of him who, by
the power of his genius, first rose to their knowledge and revealed
them to an astonished world. We delight to honour the names
of Kepler, of Galileo, of Newton ; but here are discoveries so
far back in the dim past, that all trace of their origin is lost,
which vie in interest and importance with the proudest achieve-
ments of any age. '

‘With a knowledge of the sphericity of the heavens, the revo-
lution of the sun and moon, the constellations of the celestial
sphere, the axis of its diurnal revolution, astronomy began to be
a scicuce, and its futare progress was destined to be rapid and
brilliant. A line drawn from the earth’s centre to the north
star formed the axis of the heavens, and day and night around
this axis all the celestial host were noiselessly pursuing their
never ending journeys, Thas far, the only moving bodies known
were the sun and moon. These large and brilliant bodies, by
their magnitude and splendour, stood out conspicuously from
among ihe multitude of stars, leaving these minute but beautiful
points of light, in one great elass, unchangeable among them-
selves, fixed in their groupings and configurations, furnishing
admirable points of reference, in watching and tracing out the
wanderings of the sun and moon. :

To follow the meon as she pursued her jowrney among the
sthrs was not difficult ; but to trace the sun in his slower and
more majestic motion, and to mark accurately his track, from
star to star, a8 he henved upward to meet the eoming consteila-
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_tions, was not so readily accomplished, . Night after night, as he
sunk below the horizon, the attentive wateher marked the bnght
‘stars near the point of setting which first appeared in the evenmg
twilight. These gradually sunk towards the sun on sncoessive
nights ; and thus was he traced from constellation to ‘constel-
lation, until the entire circuit of the hegvens was performed, and
he was once more attended by the saine bright stars tha had
‘watched, long before, his sinking in the west. Here was révealed
‘the measure of the Fear. The earth had been verdant-with the
beauties of spring, glowing with the maturity of summer, rich in
the fruits of autumn, and locked in the icy chains of winter,
while the sun had circled round the heavens. His entrance into
certain constellations marked the coming scasons, and man was
beginning to couple his cycle of pursuits on earth with the revo-
lutions of the celestial orbs.

‘While intently engaged in watching the sur as it slowly heaved
up to meet the constellations, some ardent devotee to this infant
science at length marked in the early twilight a certain brilliant
star closely attendant upon the sun. The relative position of
these two objects was noted, for a few consecutive nights, when,
with a degree of astonishment of which we can form no concep-
tion, he discovered that this brilliant star was rapidly approaching
the sun, and actually changing its place among the neighbouring
stars ; night after night he gazes on this unprecedented pheno-
menon, @ moving star ! and on each successive night le finds the
wanderer coming nearer and nearer to the sun. At last it
disappears from: sight, plunged in the beams of the upheaving
sun. What had become of this strange wanderer ? Was it lost
for ever ? were questions which were easier asked than answered.
But patient watehing had revealed the fact, that when a group of
stars, absorbed into the sun’s rays, disappeared in the west, they
were next seen in the eastern sky, slowly emerging from his
morning beams. Might it aot be possible, that this wandering
star would pass Yy the sun, and re-appear in the east? With
how much anxiety must this primitive discoverer have watched
in the morning twilight ? Day after day he srught his solitary
post, and marked the rising stars, slowly lifiing themselves
above the eastern horizon. The gray dawn came, and the sun
shot forth a flood of light ; the stars faded and disappeared, and
the watcher gave over till the coming morning. But his hepes
were crowned at last. Just before the sun broke above the
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horizon, in the rosy east, refulgent with' the coming day, he
descried the pure white silver ray of his long lost wahderer. It
passed the sun; it rose in the east; the ﬁrst planet was
discovered !

With how much anxiety and interest did the delighted
discoverer trace the movements of his wandering star. Here
was a new theme for thought, for observation, for investigation.
Would this first planet sweep round the heavens, as did the sun
and moon ¢ 'Would it always move in the same direction? Would
its path lie among those groups of stars among which the sun
and moon held their course? Encouraged by past success, he
rejoicingly e.iters on the investigutions of these questions. For
some time the planet pursues his journey from the suu, leaving
it. farther and farther behind. But directly it slackens its pace,
it actually stops imeits career, and the astonished observer perhaps
thinks that his wandering star had again become fixed. Not so;
a few days of watching dispels this idea. Slowly at first, and
suon more swiftly, the planet seeks again the sun, moving back-
wards on its former path, until finally its light is but just visible
in the cast at early dawn. Again it is lost in the sun’s beams for
a time, and, contrary io all preceding analogy, when next seen,
its silver ray eomes out, pure and*bright, just above the setting
sun It now recedes from the sum, on each successive evening
inereasing its distance, till it again reaches a point never to be
rassed ; here it stops, is stationary for a day or two, and then
arain sinks downward to meet the sun. How wonderful and
inexplicable the movements of this wandering star must' have
appeared in the early ages, oncillating backward and forward,
never passing its prescribed limits, ‘and ever closely attendant
upon the sun! Where the sun sank to repose, there did the
faithful planet sink, and whgre the sun rose, at the same point did
the wandering star makes its appearance. The number of days
was accurately noted. from the stationary point in the east above
tle sun, to the stationary point in the west above the sun, and
thus the period, 584 days, from station to station, became known.

The discovery of one planet led the way to the rapid discovery
of several others. If we may judge of their order by their
brilliancy, Jupiter was the second wanderer revenled among the
stars, Then followed Mars and Saturn, and after a long interval
Mercury was detected, hovering near the sun, and imitating the
curious motions of Venus.
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Here the progress of planetary “discovery waz suddenly
arrested : ‘keen as was the vision of the old sstronomer, long and
pa.hent as wis his scrutiny, no depth of penetration of unaided
vision could streteh beyond the mighty orbit of Saturn, snd the
search was given over: A close examination of the planets
revealed many important facts. ' Three of them~—Mars, Jupiter,
and Saturn—wrere 'found to perform the circuit of the heavens,
like the sun and moon, and in the same direction; with this
remarkable difference, that while the sun and moon moved
steadily and uniformly in the same direction, the planets occa-
sionally slackened their pace, would then stop, move backwards
on their track, stop again, and fiaaully resume their onward
motion. Their periods of revolution were discovered by marking
the time which elapsed after setting out from some brilliant and
well-known fived star, until they should parform the entire
circuit of the heavens, and once more return to the same star.
The times of revolution were found to differ widely fromn each
other ; Mars requiring about 687 days, Jupiter 4,332 days, and
Saturn 10,759 days, or nearly thirty of onr rears.

The planets all pursued their journeys in the heavens, among
the same constellations which marked the paths of the sun and
moon, and hence these groups'f stars concentrated the greatest
amount of attention among the early astronomers, and became
distinguished from all the others.

Whatever light may be shed upon antiquity by deciphering
the hieroglyphic memorials of the past, there is no hope of ever
going far enough back'to reach even the nation to which we are
indebtod for the first rudiments of the science of the stars.

Thus far in the prosccution of the study of the heavens, the
eye and the intellect had accomplished the entire work. Rapidly

‘a8 we have sketched the progress eatly discovery, and short as

may have beer the period in which it was accomplished, no one
can fail to perceive how vast is ‘the difference between the lig'ht
that thus early broke in npon the mihd, heralding the coming
of = brighter day, and the deep and universal darkmess which
had covered the world, before the dawn of science. Encouraged
by the success which had thus far rewarded patient toil, the
mind of man pushes on it investigations deeper and deeper into
the domain of the mysterious and anknown,

In watching the annual revolution of the sun among the fixed
stars, one remarkable peculiarity had long been recogmised.
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While the interval of time, from the rising to the setting of the
staxa, was ever the same at all seasbns of the year, the interval
from the rising to the setting of the sun was perpetually
changing, passing through & cycle which required exactly one
year for its completion. It became manifest that the sun did ot
prosecute its annugl journey among the stars, in a circle parallel
with those described by the stars, in their diurnal revolution.
His path was oblique to those circles ; and while he participated
in their diurnal motion, he was sweeping by his annual revolution
round the heavens, and was at the same time, by another most
extraordinary movement, carried towards the north to a certain'
distance, then stopping, commenced a return towards the south,
reached his southern limit, again changed his direction, and thus
oscillated from one side to the other of his mean position.

These wonderfu),changes became the objects of earnest investi-
gntion. In what curve did the sun travel among the stars] All
diurnal motion was performed in a circle, the first discovered, the
simplest and the most beautiful of curves; and in this curve,
analogy taught the early astronomers that all celestial movements
must be performed, It became therefore a matter of deep interest
to trace the sun’s path accurately among the stars, to mark his
track and to see whether it would not prove to be a circle. To
accomplish this, more accurate mesns must be adopted than the
mere walching of the stars which attended the rising or setting
sun. The increase and decrease of the shadow of some high pointed
rock, to whose refreshing shade the shepherd astronomer had
repaired in the heat of noon, and benesth which he had long
pondered this important problem, first: suggested the means of its
resolution. As the summer came on, he remarked that the
length of the noon shadow of his rock perpetually. decrensed from
day to day. As the sun became more mearly vertical at noon,
the shadow gave him less and less shelter, Watching these noon
shadews from day to day, he found them proportioned to the
sun's northern or southern motion; and finally, the thought
evtered his mind, that these shadows would mark with certainty
the limits of the sun’s motion nerth and south, the character of
his orbit or route among the stars, the changes and duration of
the seasons, ardl- the actual length of the year, which thus far had
been but roughly determined. To accomplish the observations
more accurately, an area on the ground was smoothed and
levelled, and in it centre & vertical pole was erected some ten or
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- fifteen foet in length;, whose sharp vertex cast a well defined
shadow.. And here we have the first astronomical instrumens
(the gnomon) ever devised by the ingenyity of man. Simple as it
is, by its 2id the most valuable results were obtained. )

The great point was to mark with aceuracy the length of the
noon-day shadow, from month to month, throughout the entire

-year. Four remarkable points in the sun's sinual track, were

.'very soon detected and marked. Ome of these occurred in the
summer, and was that point cocupied by the sun on the day o
the shortest noon shadow. Here the sun had reached his greatest
northern point, and for a few days the noon shadow cast by the
gnomop appeared to remain the same, and the sun siood still.
The noon shadows now increased slowly, for six months, as the
sun moved south, till a second point was noted, when the noon
shadow had reached . its greatest length. ,Again it became
stationary, and again the sun paused and stood still, before com-
mencing his return towards the north. These points were called
the summer and winter solstices, and occurred at intervals of halt
a year. At the summer solstice the longest day occurred, while
at the winter solstice the shortest day was always observed.
These extreme differences between the length of the day and
night, occasioned the determination of the other two points.
From the winter solstice the noon shadows decreased as the
length of the day increased, until finally the day and night were
remarked to be of equal length, and the distance to which the
shadow of the gnomon was thrown on that day was accurately
fixed. If, on this day, the diurnal circle described by the sun
could have been marked in the heavens by a circle of light,
sweeping from the east to the west, so that the eye might rest
upon and retain it, and if at the same time the sun’s.annual‘path

.among the fixed stars could have been equally exhibited in the
heavens by & circle of light, these two circles would have been
seen to cross each gther, and at their point of crossing, the sun
would have been found. The diurnal circle was called the
equator, the sun’s path the ecliptic, and the point of intersection
was called, appropmately, the equinor. As the sun crossed the
equator in the épring and autumn, these points received the
names of the vernal and autumnal equinozes, and were marked
with all the precmon which the rude means then in use rendered
practicable.

The bright cirele nlready imagined in the heavens ts-vepresént
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the sun's annual track among the stars, passed qbliquely*cross
the equator, and the amount by which these circles were inclined
to each other was actually mensured, in these early ages, with no
mean precision, by the noon shadows of the gnomon. The ray
casting the shortest noon shadow waa inclined to-the ray forming
the longest noon shadow, under an angle precigely double of the
inclination of the ecliptic or sun’s path to the equator, aud the
inclination of these two rays marked exacily the annual motion
of the sun from scuth to north, or from north to south. A close
exomination of the order of increase and decrease in the length
of the noon shadows east by the gnomon, demonstrated the
important truth already suspected, that the sun’s path was
actually a circle, but inclined, as has already been shown, to the
Jdiurnal circles of the stars and to the equator.

By counting the ays which elapsed from the summer solstice
to the summer solstice again, a knowledge of the length of the
year, or period of the sun’s revolution, was obtained. But here
again a diseovery was made, which produced an embarrassment
- the early astronomers, which all their perseverance and
research never succeeded in removing.

In these primitive ages, the hcavenly bodies were regarded
with feelings little less than the reverence we now bestow on the
Supreme Creator. The sun especially, as the lord of life and
light, was regarded with feelings nearly approaching to adoration,
even by the astronomers themselves. The idea early became
fixed, that the chief of the cclestial bodies must move with a
aniform velocity in a circular orbit, never increasing or decreasing :
change being inconsistent with the supreme and dignified station
which was assigned to him. What then must have been the
astonishment of the primitive astronomers, who, in counting the
days from the summer to the winter solstice, and from the winter
round to the summer solstice, found these intervals to be unequal ?
This almost incredible result was confirmed, by remarking that
the shortest spaces from equinex to solstice, dividing the sum’s
annuel route inta four equal portions, were passed over in unequal
times. These results could not be doubted, for each observation,
from year to ycar, confirmed them. They were received and
recorded, but the problem was handed down to succecding gene-
rations for solution.

In consequence of the obliqie direction of the ecliptic, or sun’s
track, it was found difficult to retain its position in the mind. To
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- pasist B the recurrvence to this important circle, a brazen circle
was at length devised, aud fastoned permanently to another
brazen eircle ofequalme,nn,darmangleexmtlyeqml to the
inclination of the equator to the ecliptic. Circles, perpendicular
to the equator, and passing through the solstices and equinoxes,
complatﬁd the second astronomical instrument, the sphere. Having
constretted this simple piece of machinery, it was mounted on an
axis passing through its centre, and perpendicular to its equator,
80 28 to revolve as did the heavens, whose motions it was intended
to represent. Having so placed the axis of rotation that its pro-
longation would pass through the morth star, this rude sphere
came to play a most important part in the fature investigations
of the heavens. Its brazen equator and ecliptic were each divided
nto a certain number of equal parts, by reference to which the
motion of the heavenly bodies might be followed with far greater
precision than had ever been previously obtaihed.

Armed with a new and more perfect instrument, the astronomer
resumes his grea,t investigation. Finding it now possible to mark
out the sun’s path in the heavens with certainty by means of his
brazen ecliptic, he discovers that the moon aud planets in each
revolution pass across tho sun’s track, and spend nearly an equal
amount of time on the north and south sides of the ecliptic. This
discovery led to a more accurate determination of the periods of
revolution of the plancts. The interval was noted from one
passage across the ecliptic to the next on the same side, and these
intervals marked with accuracy the planetary periods. It now
became possible to fix with greater certainty, the relative positions
of the sun and moon, and problems were once more resumed
which had thus far baffled every effort of human genius. The
phases of the moon, the very first point of investigation, had never
yet yielded up its hidden cause; and those terrific phenomena,
solar and lunar eclipses, which had long covered the earth with
terror and dismay, were wrapped in mystery, and their explana-
tion had resisted the sagacity of the most powerful and gifted
intellects.

No one has ever witnessed the going out of the sun in dim
eclipse, even now when its most minute phenomena are pre-
dicted with rigorous exactitude, without a feeling of involuntary
dismay. What then must have been the effect 'upon the human
mind in those ages of the world, when the cause was unknown,
and when these terrific exhibitions burst on earth’s inhabitants



TIIE ORBS OF HEAVEN. 38

unlieralded and unannounced I Here then was an investigation,
not prompted by curiosity alone, but involving the peace and
security of man in all coming ages. We cannot doubt that the
causes of the solar eclipse werq first detected. It was observed
that no eclipse of the sun ever occurred when the moon was
visible. Xven during a solar eclipsé, when the sun’s light had
cutirely faded away, and the stars and planets stole gently upon
the sight in the sombre and unnatural twilight, the moon was
sought for in vain ; she was never to be secn. This fact excited
curiosity, and gave rise 10 a careful and critical examination of
the place in which the moon should be found immediately afier
a solar eclipse; and it was soon discovered that on the night
tullowing the day of eclipse, the moon was seen in her crescent
shape very near to the sun and but a short distance from the
sun's path. By remarking the moon’s place, next before a solar
eclipse, and that immediztely following, it was seen that at the
time of the occurrence of the eclipse, the moon was actually
passing from the west to the east side of the sun’s place, and
“anlly a little calculation showed that a coincidence of the sun
and moon in the heavens took place at the precise time at which
the sun had been cclipsed. The conclusion was irresistible, and
the great fact was announced to the world, that the sun’s light
was hiddei by the interposition of the dark body. of the 1moomn.
Having reached this important result with entire certainty,
the explanation of the moon’s phases followed in rapid succession.
ffor it now became manifest that the moon shone with borrowed
light, and that her brilliancy came from the reflected beams of
the sun. This was readily demonstrated by the following facts.
‘When the moon was so situated that the side next to the sun
(the illuminated one) was turned from the eye of the observer,
(as was the case in a solar eclipse,) then the moon’s surface next
to tne onserver was always found to be entirely black. Pursuing
ber journey from this critical point, the moon was next secn
near the sun in the evening twilight, as a slender thread of light,
a very small portion of her illyminated surface being now visible,
Day after day this visible portion increases, until finally the
moon rises as the sun sets, full orbed and round, being directly
opposite the sun, and turning her entire illuminated surface
towards the eye of the observer. By like degrees she loses her
light as she approaches, and finally becomes invisible as she
passes by the sun. From this examination it became evident
D
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that the moon was a globular body, non-luminous, and revolving
in an orbit, eomprehended entirely within that described by the
sun, and consequently nearer to the earth than the sun. Having
ascertained this fact, it was goncluded that among all the
moving heavenly bodies, the periods of revolution indicated their
relative distances from the earth. Hence Mars was regarded as
mare distant than the sun, Jupiter more remote than Mars, and
Satury the wnost distant, as it was the slowest moving of all the
ets. *
thfter resching to a knowledge of tho causes producing the
eclipses of the sun and the phases of the moon, it remained yet
to resolve the mystery of the lunar eclipse. It was fur more
difficult to render a satisfactory account of this phenomenon
than either of the preceding. The light of the moon was not
intercepted by the interposition of any opague body, between it
and the eye of the observer. No such body existed, and long
and perplexing was the effort to explain this wonderful pheno-
menon. Finally, it was observed that all opaque bodies cast
shadows in directions opposite to the source of light. Was it
not possible that the Mght of ihe sun, falling upon the earth,
might be intercepted by the earth, and thus produce a shadow
which might even reach as far as the moon! So soon as this
conjecture was made, a series of examinations were commenced
to confirm or destroy the theory. It was at once seen, that
case the conjecture was irue, no lunar eclipse could occur except
when the sun, earth, and moon were situated in the same straigbt
line ; a position which could never occur except at the full or
new of the moon. It was soon discovered that it was only at the
full that lunar eelipses took place, thus contirming the truth or
she theory, and fixing it beyond a doubt, that the shadow of the
earth falling on the moon was the cause of her eclipse. The moon
had already been shown to be non-luminous ; and the moment
the interposition of the earth between it and its source of light,
the sun, cut off its light, it ceased to be visible, and passed
through an eclipse. The sphericity of the earth, which had been
analogically inferred from that of the heavens, was now made
absolutely certain; for it was remarked, as the moon entered
the earth’s shadow, that the track of this daxk shadow across
the bright surface of the moon was always circudar, which was
quite impossible for every position, #xcept the earth which cast
this circular shadow should be of & globular form. ’
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Having now attained to a clear and satisfactory explanation of
the two grand phenomena, solar and lunar eclipses, the question
naturally arose, Why was not the sun eclipsed in each revolution
of the moon 7 and how happened it that the moon in the full did
not always pass through the earth’s shadow? An examination
of the moon’s path among the fixed stars gave to these questions
a clear and positive answer. * It was found that the sun and
moon did not perform their revolutions in the same plane. The
moon’s route among the stars crossed the sun’s route under a
certain angle, and it thus frequently happened, that at the
new and full, the moon occupied some portion of her orbit too
remote from that of the sun to render either a lunar or solar
eclipse possible.

Rapidly have we traced the carecr of discovery. The toil and
watching of centurigs have been condensed into a few moments
of time, and questious requiring agoes for their solution have
been asked only to be answered. In conneclion with the inves-
tigetions just developed, and as a consequence of their successful
proeecution, the query arose, Whether in case science had reached
to a true exposition of the causcs producing an eclipse of the
sun, was it not possible to stretch forward in time, and anticipate
and predict the coming of these dread phenomena ?

To those who have given but little attention to the subject,
even in our own day, with all the aids of modern science, the
prediction of an eclipse seems sutficienily mysterious and unin-
telligible. How then it was possible, thousands of years ago, to
accomplish the same great object without any just views of the
structurc of the system, seems utterly incredible. Follow me
then, while I attempt to reveal the train of reasening which led
to the prediction of the first eclipse of the sun, the most daring
prophecy ever made by human genius, Follow in imagination
this bold interrogator of the skies to his solitary mountain
summit, withdrawn from the world, surrounded by his mysterious
circles, there to watch and ponder through the long nights of
many, many years. But hope cheers him on, and smooths his
rugged pathway. Dark and deep is the problem ; he sternly
grapples with it, and ‘resolves never to give over till victory
crown his efforts,

He hes already remarked that the moon’s track in the heavens
crossed the san’s, and that this point of crossing was in some
way intimately connected with the coming of the dread eclipse
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He determines to watch and learn whether the point of crossing
was fixed, or whether the moon in each successive revolution
crossed the sun’s path at a different point. If the sun in its
annual revolution could leave behind him a track of fire marking
his journey among the stars, it is found that this same track was
followed from year to year, and from century to century. with
undeviating precision. But it was soon discovered that it was
far different with the moon. In case she too could leave behind
her a silver thread of light sweeping round the heavens, in com-
pleting one revolution, this thread would not join, but would
wind around among the stars in each revolution, crossing the
sun’s fiery track at a point west of the previous crorsing. These
points of crossing were called the moon’s nodes. At each revo-
lution the node oceurred farther west, until after a circle of about
nineteen yeurs, it had circulated in the sarpe direction entirely
round the ecliptic. Long 2nd paticntly did the astronomer watch
aud wait ; each eclipse is duly observed, and its attendant cir-
cumstances are recorded ; when at last the darkrew. begins to
give way, and a ray of light breaks in upon his mind. He finds
that no eclipse of the mun ever occurs unless the new moon is in
the act of crossing the sun’s track. Here was a grand discovery.
He holds the key which he believes will unlock the dread mys-
tery, and now, with redoubled energy, he resolves to thrust it
into the wards and drive back the bolts.

To predict an eclipse of the sun, he must sweep forward from
newmoon to new moon, until he finds some new moon which should
occur while the moon was in the act of crossing from one side to
the other of the sun’s track. This certainly was possible. 1Ie knew
the exact period from new moon *o new 1noon, sud from one
crossing of the ecliptic to auother. 'With eager eyc he seives the
moon s piace 1m tne aeavens, and ner age, and rapidly computes
where she will be at her next change. He finds the new moon
occurring far frown the sun’s track; he rumns round another
revolution ; the place of the new moon falls closer to the sun’s
path, and the next yct closer, until, reaching forward with
piercing intellectual vigour, he at last finds a new moon which
occars precisely at the computed time of her passage across the
‘sun’s track. Here he makes his stand, and on the day of the
occurrence of that new moon, he annouices to the startled inha-
bitants of the world that the sun shall expire in dark eclipse !
Bold prediction{ Mysterious prophet! with what scorn must
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the unthinking world have received this solemn declaration !
How slowly do the moons roll away, and with what intense
unxiety does the stern philosopher await the coming of that day
which should erown him with victory, or dash him to the ground
in ruin and disgrace. Time to him moves on lenden wings ; duy
after day, and at last hour after hour, roll heavily awny. The
last night is gone; the moon has disappeared from his eagle gaze
in her approach to the sun, and the dawn of the eventful day
breaks in beauty on a slumbering world.

This daring man, stern in his faith, climbs alone to his rocky
home, and greets the sun as he rises and mounts the beavens,
seattering brightness and glory in his path. Beneath him is
spread ont the populous city, alrcady teeming with life and
activity,  The busy morning huu rises on the still air, and
rcaches the watching place of the solitary astronower The
thousands below hin, uncunscious of his intense anxiety, buoyant
with life, joyously pursue their rounds of busiuess, their cycles
of amusemenlt. The sun slowly climbs the heaven, round and
bright and full orbed. The lone tenant of the mountain top
alimost begins to waver in the sternness of his faith as the morn-
ing hours roll away. DBut the time of his triumph, long delayed,
ab length begins to dawn ; a pale and sickly hue creeps over the
face of nature.  The sun has reached his highest point, but his
splendonr i dimmed, his light is feeble. At last it comes!
Blackness is eating away his round dise ; onward with slow but
stendy pace the dark veil moves, blacker than a thousand nights;
the gloom decpens; the ghastly hue of death covers the universe;
the last ray is gone, and horror reigns' A wail of terror fills
the murky air, the clangour of brazen trumpets resounds, an
agony of despair dashes the stricken inillions to the ground;
while that lone man, erect on his rocky sumit, with arms out-
stretched 1o heaven, pours forth the grateful gushings of his
heart to God, who had erowned his efforts with trinmphant vie-
tory. Search the records of our race, and point me, if you can
to a scene more grand, more beautiful. 1t is to me the proudest
victory that genius ever won. It was the ¢onquering of nature,
of ignovance, of superstition, of terror, all at a single blow, and
that blow struck by a single arm. And now do you demand the
name of this wonderful man? Alas! what a lessonwof the
instability of earthly famne are we taught in this simple recital,
He who had raised himself immeasureably above his race, who
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must have been regarded by his fellows as little less than a god,
who had inscribed his fame on the very heavens, and had written
it in the sun, with a “pen of iron, and the point of a diamond,”
even this one has perished from the earth ; name, age, country,
are all swept into oblivion. But his proud achievement stands.
The monument reared to his honour stands ; arnd although the
touch of time has effaced the lettering of his name, it is powerless,
and cannot destroy the fruits of his victory.

A thousand years roll by: the astronomer stands on the
watch-tower of old Babylon, and writes for posterity the records
of an eclipse; this record escapes destruction, and is safely
wafted down the stream of time. A thousand years roll away ;
the old astronomer, surrounded by the fierce, but wondering
Arab, again writeg, and marks the day which witnesses the sun’s
decay. A thousand years roll heavily away: once more the
astronomer writes from amidst the gay throng that crowds the
brightest capital of Europe. Record is compared with record,
date with date, revolution with revolution, the past and present
are linked together ; another struggle commences, and another
victory is won. Little did the Babylonian dream that he was
observing for one, who, after the lapse of 3000 years, should rest
wpon this very record the successful resolution of one of nature’s
darkest mysteries.

‘We have now reached the boundary where the stream of dis-
covery, which we have been tracing through the clouds and mists
of antiquity, begins to emerge into the twilight of tradition,
soon to flow on in the clear light of & history that shall never
die. Henceforth our task will be more pleasing, because more
certain ; and we invite you to follow us as we attempt to exhibit
the coming struggles and future triumphs of the student of the skies.

S LS



LECTURE III.

‘THEORIES FOR THE EXPLANATION OF TIHE MOTIONS OF THE
HEAVENLY BODIES.

Y S N F in tracing the carcer of astro-

- nomy in the primitive ages of
the world, we have been left to
pursue our way dimly, through
cloud and darkness ; if regrets rise
up, that time has swept into obli-
vion the names and country of the
early discoverers; in one reflection
there is some compensation : while
the bright and enduring truths
which they wrested from nature
have descended to us, their errors,
whatever they inay have been, are
| for ever buried with their names and
their persons. 'We are almost led to
believe that those errors were few
and transient, and that the mind, as yet undazzled by its triumphs,
questioned nature with that humility and quiet perseverance
which could bring no response but truth.

In pursuing the consequences flowing from the prediction of
an eclipse, several remarkable results were reached, which we
proceed to unfold. It will be recollected that to produce either
solar or lunar eclipses, the new or full moon must be in the act
of crossing the sun's annual track. This point of crossing, called
the moow's mede, became therefore an object of the deepest
interest. Long and careful scrutiny revealed the fact of its
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movement around the ecliptic, in a peried of eighteen years and
eleven days, during which time there occur 223 new moons, or
223 full moons. If then, a new moon falls on the sun’s track to
produce a solar eclipse to-day, at the expiration of 223 lunations,
again will the new moon fall on the ecliptie, and an eclipse will
suvely take place. Suppose, then, that all the eclipses which
occnr within this remarkable period of 223 lunations are eare-
fully observed, and the days on which they fall recorded, on
cach and every one of these days, during the next period of 223
lunations, eclipses may be expected, and their coming foretold.

Thie wonderful period of eighteen years and eleven days, or
223 lunations, was known to the Chaldeans, and by its use
eclipses were predicted, more than 3000 ycars ago. It is Iike-
wise found among the Hindoos, the Chinese, and the Egyptians,
nntions widely separated on the earth’s surfpee, and suggesting
the idea that it had its origin among a people even anterior to
the Chaldeans. It is now known by the naune of the Zuros, or
Chaldean period.

Let it not be supposed that the applicntion of the Zaros to the
prediction of eclipses, can in any way supersede modern wethods.
‘While antiquity contented itsclf with announcing the day on
which the dark body of the moon should hide the sun, modern
science points to the exact second on the dial, which shall mark
the first delicate contact of the moon's edge with the brilliant
disc of the sun.

It would be a matter of great interest to fix the epoch of
primitive discovery. Though this is impossible, its high antiquity
is attested by a few facts, to which we will briefly advert. We
find among all the ancient nations, Chaldeans, Persians, Hindoos,
Chinese, and Egyptians, that the seven days of the week were
in universyl use, and ‘what was far more remarkable, each of these
nations named the days of the week after the seven planets,
numbering the sun and moon among the planets. It js, more-
over, found that the order of naming is not that of the distance,
velocity, or brilljancy of the planets, and neither does the fust
day of the week coincide among the different nations ; but the
order once commenced is invariably preserved by all. If we
compute the probability of such a coincidence resulting by
accident, we shall find the chances millions to one against it.
‘We are, therefore, forced to-the conclusion, that the plancts wege
discovered, and the seven days of the week devised and named,
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by some primitive nation, from whom the tradition descended
imperfectly, to succeeding generations.

A remarkable discovery, made in the remote ages of the world,
throws some farther light on the era of the primitive astrono-
mical researches. The release of the earth from the icy fetters
of winter, the return of spring, and the revivification of nature,
is a period hailed with uncommon delight, in all ages of the
world. To be able to anticipate its coming, from some astro-
nowical phenomenon was an object of earnest investigation by
the ancients.

1t was found that the sun’s entrance into the equinox, reducing
1o equality the length of the day and night, always heralded the
coming of the spring. Hence to mark the equinoctial point
among the fixed stars, and to note the place of some brilliant star
whose appearance ip the early morning dawn would announce the
sun’s approach to the eynator, was early accomplished with all
possible accuracy. This star once selected, it was believed that
it would remain for ever in its place.

The sun’s path among the fixed stars had been watched with
suceess, and it scemed to remain absolutely unchanged ; and
hence the points in which it crossed the equator, for a long
while, were looked upon as fixed and immoveable. And, indeed,
centuries must pass away before any change could become sen-
sible to the naked eye and itsrude instrumental auxiliaries. But
a time arrives at last when the bright star, which for more than
five hundred years had with its morning ruy ahnounced the
season of flowers, is lost. It has failed to give its warning ;
spring has come, the forests bud, the flowers bloom, but the star
which once gave promise, and whose ray had been hailed with
80 much delight by many generations, is no longer found. The
hoary patriarch recals the long experience of a hundred years,
and now perceives that each succeeding spring had followed
more and more rapidly after the appearance of the sentinel star.
Each year the interval from the first appearance of the star in
the early dawn, up to the equality of day and night, had grown
less and less, and now the equinox came, but the star remained
invisible, and did not emerge from the sun’s beams until the
equinox had passed.

Long and deeply were these facts pondered and weighed, At
length truth dawned, and the discovery broke upon the unwilling
mind, that the sun’s path among the fzed stars was actuully
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changing, ond that his point of crossing the equator was slowly
moving backwards towards the west, and leaving the stars
behind. The same motion, only greatly more rapid, had been
recognised in the shifting of the moon’s node, and in the rapid
motion of the points at which her track crossed the equator.
The retrograde motion of the eguinoctial points caused the sun
to reach these points earlicr than it would have done had they
remained fixed, and hence arose the precession of the equinozes.

This discovery justly ranks among the most important
achieved by antiquity. Its explanation was infinitely above the
reach of human effort at that early day; but to have detected
the fact, and to have marked a motion so slow and shrouded,
gives evidence of a closeness of observation worthy of the highest
admiration. It will be seen hereafter, that the human mind has
reached to a full knowledge of the causes producing the retro-
grade movement of the equinoxes among the stars. Its rate of
motion has been determyined, and its vast period of nearly
twenty-six thousand years bas been fixed. Once revealed, the
slow movement of the equinox makes it a fitting hour-hand, on
the dial of the heavens, with which to measure the revolutions
of ages. As the sun’s path has been divided into twelve con-
stellations, each filling the twelfth part of the enmtire circuit of
the heavems, for the equinox to pass the twelfth part of the
dial, or from one constellation to the next, will require a period
of more than two thousand years. Since the astromomer first
noted the position of this hour-hand on the dial of the stars, but
one of its mighty hours of two thousand years has rolled away.
In case any recurd could be found, any chiselled block of granite,
exhibiting the place of the equinox among the stars at its date,
no matter if ten thousand years had elapsed, we can reach back
with certainty, and fix the epoch of the record.

No such monument has ever been found ; but there are occa-
sional notices of astronomical phenomena, found among the
Greck and Roman poets, which at least give colour to conjecture.
Virgil-informs us that the “ White Bull opens with his golden
horus this year:"—

“ Candidus auratis aperit cum cornibus ansum,
Taurus.”

This statement we know is not true, if applied to the agein
which the poet wrote, and seems to be the quotation of an
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ancient tradition. If this conjecture be true, this tradition must
have been carried down the stream of time for more than two
thousand years, to reach the age in which the poet wrote.
Although these conjectures are vague and uncertain, the fre-
quent allusions to the constellations of the zodiac in the old
Hebrew BScriptures, and in the works of all ancient writers,
sufficiently attest the extreme antiquity of thesc arbitrary
groupings of the stars,

In taking leave of the primitive ages of astromomy, and in
entering on that portion of the career of research and discovery
whose history has been preserved, let us pause for 8 moment and
consider the position occupied by the human mind at this
remarkable epoch.

Thus far the eye had done its work faithfully. Through long
and patient watching, it had revealed the facts, from which reason
had wrought out her great results. The stars grouped into con-
stellations, glittered in the blue concave of a mighty sphere,
whose centre was occupied by the earth. Within this hollow
sphere, sun, moon, and planets, kept their appointed courses, and
performed their ceaseless journeys. Their wanderings had been
traced ; their pathway in the heavens was known, their periods
determined, the inclinations of their orbits fixed. So accurately
had the eye followed the sun and moon, that it had learned to
anticipate their relative positions, their oppositions and conjunc-
tions, till, reaching forwurd, it had robbed the dread eclipse of
its terrors, and had learned to hail its coming with delight. The
pathway of the sun and moon among the stars had been scanned
and studied, until their slowest changes had been marked and
measured.

Such were the rich fruits of diligence and perseverance which
descended from the remote nations of antiquity. With the
advantage of these great discoveries, and the experience of pre-
ceding ages, it is natural to expect rapid progress, when science
found its home among the bold, subtle, and inquisitive Greeks,
He who entertains this expectation will meet with disappoint-
ment. Not that investigations were less conmstantly or perse-
veringly conducted ; not that less perfect means were employed,
or less powerful talent consecrated to the work ; but becaunse a
point had been reached of exceeding diffieulty. The era of dis-
covery from mere inspection was rapidly drawing to a close. It
was an easy matter to count the days from full moon to full
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moon, to watch a planet as it circled the heavens from a fixed
star until it returned to the same star again, to mark its stopping,
"its reversed motion, and its onward goings; but it was a far
different matter to rise to a knowledge of the causes of these
atations and retrogradations, and to render a clear and satis-
factory account of them. The problem now presented, was to
combine all the facts treasared by antiquity, all the movements
exhibited .in the héavens, and reduce them to simplicity and
harmony. The Greek philosophers, from Plato down to the
extinction of the last school of philosophy, recognised this to be
the true problem, and essayed its solution, with an energy and
pertinacity worthy ef the highest admiration.
" Let us now examine the causes which arrested the progress of
astronomical discovery, and held back the mind for a period of
more than two thousand years, Surrounded as we are by the
full blaze of truth, accustomed to the simplicity and beauty
which now reign everywhere in the heavens, we find it next to
impossible to rcalise the true position of those brave minds,
which, enveloped in datrkness, deceived by the senses, fettered
by prejudice, struggled on and finally won the victory, whose
fruits we enjoy.

The most careful and philosophical examination of the heavens
scemed to lead to the admitted truth, that the earth was the
centre of all celestial motion. In the configuration of the bright
stars there was no change, From age to age, from century to
century, immoveably fixed in their relative positions, they had
performed their diurnal revolutions around the earth. They
were even of the same magnitude, of the same brilliancy. How
impossible was this, on any hypothesis, except that of the fixed
central position of the earth. Leaving the fixed stars, an exami-
nation of the motions of the sun and moon, their nearly uniform
velocity, their invariable diameters in all portions of their orbits,
demonstrated the central position of the eart]} with reference to
them. To shake a faith thus firmly fixed, sustained by the
evidence of the senses, consonant with -every feeling of the mind,
accordant with fact and reason, required a depth ofswescarch,
and th&Wevelopment of new truths, only to be revealed after
centuries of observation,

Every effort, then, to explain the celestial phenomena, started
with the undoubted fact, that the earth was the centre of all
motion. Thus far, the mind had not reached the idea of appa-
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rent motion. If the moon moved, so equally did the sun. There
was exactly the same amount of evidence to demonstrate the
reality of the one motion, as the other ; neither were doubted.
It would have been unphilosophical to reject the one without
rejecting the other.

The centre of motion once determmed the nature of the curve
described was so obviously presented to the eye, that it seemed
impossible to hesitate for one moment. The circle was the only
regular curve known to the ancients. Its simplicity, its beauty,
and perfection, would have induced its selection, even had there
been a multitude of curves from which to choose. Its curvature
was cver the same. It had neither beginning nor end. It was
the symbol of eternity, and adwnirably shadowed forth the
eternity of the motions to which it gave form. As if these con-
siderations had reqpired confirmation, every star and planet, the
sun and moon, all deseribed circles in their diurnal revolution ;
and it seemed impossible to doubt that their orbitual motions
were performed in the same beautiful curve. In truth, observa-
tion confirmed this conjecture ; and the orbits of all the moving
bodies, when projected on the concave heavens, were circles.
That this curve, then, should have been adopted without doubt
or hesitation, is not to be wondered at. It came therefore to be
a fixed principle, that in all hypotheses devised to explain the
phenomena of the heavens, circular motion and circular orbits
alone could be employed.

To these great principles of the central position of the earth,
and the circular orbits, we must add that of the earth’s immo-
bility. This doctrine was undoubtedly sustained by the evidence
of all the senses which cowld give testimony. No one had seen
it move, ‘had heard it move, had felt it move. How was it
possible to doubt the evidence of the eye, the touch, the ear?
tlere, then, was another incontrovertible fact, which even the
most sceptical could not doubt, and which lay at the foundation
of all effort to resolve the problem under examination.

With a full knowledge and appreciation of these facts, we are
prepared to enter upon an examination of the career of astro-
nomy up to the time when all darkness disappeared before the
dawning of a day which should never end. The early Greek
philosophers, little fitted by nature for close and laborious
observation, rather chose to gather in travel the wisdom which
was garnered up in the temples, and among the priests of Egypt
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and India. Returning to their native country, they theorised on
the facte they had learned, and temght -doctrines, which found
their only support in trains of fanciful or specious reasoning.
Thns we find Pythagoras mingling the great discoveries of
antiouity with theories the most vague and visionary. While
gleams of truth flash occasionally through the darkness of his
doctrines, they seem but fortunate guegses. His views were
sustained by no solid argument, and rapidly sunk into forget-
fulness. This philosopher is said to have fixed the sun in the
centre of his planetary system, and to have taught the revolution
of the earth in an orbit ; but
to sustain this bold conjecture,
the only reason assigned, was,
that fire, which composes the
sun, was wore dignified than
earth, and hence should hold
the more diguified position in
the centre. We are unot sur-
prised that Hipparchus and
Ptolemy, the true astronomers
among the Greeks, should have
rejected a doctrine sustained
by so futile and absurd a rea-
. & son. Nicetas, o follower of
T ¥ Pythagoras, is said to have
e JAATAN A gone farther than his master,
and to have adopted the idea
that the revolution of the hea-
vens was an appearance produced by an actual rotation of the
carth on an axis, once in twenty-four hours, This extraordinary
and almost prophetic announcement, unfortunately was not sus-
tained by any solid argument. Itwas regarded as a vain dream,
and soon was lost in oblivion.

A crowd of theoretic philosophers filled for a long time the
schodls' of Greece, contributing little to science, and diverting
the mind from the enly train of research which could lead to
any true results. At length a philosvpher arose who' restored
investigation to ifs legitimate channel. Hipparchus, abandoning
for the present all vain effort to explain the phenomena of the
beavens, gave himself up to close, continuous, and accwrate
observation. He began with the movements of the sun in his

Plato.
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annual orbit. By the construciion of superior brazen circles, he
mensured the daily motion of the sun during the emtire year.
He oonfirmed the discovery of the ancients, of the irregular or
unequal progress of this luminary, and fixed that point in the
sun’s orbit where it moved with greatest velocity. Year after
year did this devoted astronomer follow the sun, until finally he
discovered that the pomt on the crbit, where its motion was
swiftest, did not remain fixed, but was advancing in each revolu-
tion, at a very slow rate along ‘the orbit. Having thus demon-
strated and characterised the irregularity of the sun’s motion,
he directed his attention 1. minute examinations of the moon,
and reached results precisely similur. From these discoveries iv
became manifest, that in case the motions of the sun and moon
were circular aud uniform, the earth did not oceupy the exact
centres of their orbjls ; for on this hypothesis any irregularity
of motion would have ween impossible. Here was a point
gained. The exact central position of the earth was disproved
in twe instances, and even the amount of its eccentrieity, or
distance from the true centre, determined. Retaining the eir-
cular and uniform motion of the sun and mwoon, the discovered
irregunlarities were tolerably well rcpresented by the eccentric
position of the earth, from whose surface these motions were
mensured.

While persuing these important researches, Hipparchus re-
solved upon ~ work of extracrdinary difficulty, wlidh had never
before been astempted, and which fully attests the grandeur and
sagacity of his views 'This enterprise was nothing less than
numbering the stars and fixing their positions in the heavens.
This he actually accomplished ; and his eatalogue of 1081 of the
principal stars is, perhaps, the richest treasure which the Greek
school has transmitted to posterity. We cannot tvo much
admire the disinterested devotion tu science which prompted
this great undertaking, and the firmness of purpose which sus-
tained the solitary observer, through long years of toil. It was
a work for posterity, and could yield to its author no reward
during his life. Conscious of this, his resolution never faltered,
and grateful posterity crowns his memory with the well-earned
title of Father of Astronomy. The noble example thus set by
Hipparchus was not lost on Ptolemy, justly the most distin-
guished among his immediate successors. An ardent student, a
elose observer, a patient and candid reasoner, Ptolemy colleoted
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and digested the discoveries and theories of his predecessors, and
transmitted them, in connection with his own, successfully to
posterity. Rejecting the absurd doctrine of the sohd crystal
spheres of Eudoxus, and the unsustained notions of Pythagoras,
this bold Greek undertook the resolution of the great problem,
which Plato had long before presented, and to accomplish which
80 many unsuccessful efforts had been made.

After a careful examination of all the facts and discoveries
which the world then possessed, adding his own extensive
observations, Ptolemy promulged a system which bears his

_name, and which endured for more than fourteen hundred
years. He fixed the earth as the great centre, about which the
sun, the moon, the planets, and the starry heavens, revolved.
Retaining the doctrine of uniform ecircular motion, he accounted
for the irregularity in the movements of the sun and moon by
the eccentric position of the earth in their orhits. To explain
the anomalous movement of the planets, he devised the system
of cycles and epicycles. Every planet moved uniformly in the
circumference of a small circle, whose centre moved uniformly
in the circumference of a large circle, near whose centre the
earth was located. By this ingenious theory, it was shown that
a planet moving in the circumference of its small circle might
appear to retrograde, to become stationary, and finally to advance
among the fixed stars. Thus were all the phenomena known to
the Greek #tronomer so satisfactorily accounted for, that it even
became possible from this singular theory, to compute tables of
the planetary motions, from which their places could be pre-
dicted with such precision, that the error, if any existed, escaped
detection by the rude.instriuments then in use.

While the explanation of the celestial phenomena had consti-
tuted the principal object of the Greek astronomers, some rude
efforts were commenced to determine the magnitude of the earth,
and the relative distances of the sun and moon. The process
adopted by Eratosthenes, two thousand years ago, to determine
the circumference of the earth and its diameter, is essentially the
same now employed by modern science. The results reached by
the Greek astronomer, owing to an ignorance of the exact value
of ais umit. are lost to the world.

When astronomy was banished from Greece, it found a
home among the Arabs. When darkness and gloom wrapped
the- earth through ten long centuries, and human knowledge
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languished, and art died, and genius slumbered, it is a remarkable
faet thnt astromomy, during that long period of ignorance,
instead of heing lost, was actually slowly advancing ; and when
the dawn of learning once more broke on Europe, the astronowy
of the Greeks, improved by the Arabs and the Persians, was
preserved in the great work of Ptolemy, and transmitted to
posterity.

It is true that no change had been wrought in the Greek
theory, but observations had been multiplied and slow changes
measured, which prepared the way for the discoveries which
were soon to succeed. On the revival of learning in Europe, the
literature and science of the Greeks aud Romans rapidly spread,
and gained an astonishing ascendancy over the human mind.
Tndeed, theirs was the only science, the only wisdom. Time-
honoured, and venefable with age, the philosophy of _Aristotle,
the geometry of Euclid, and the astronomy of Ptolewny, filled the
colleges and universitics, and
fastened itself upon the age
with atenacity which permitted
1o one to question ordoubl, and
which seemed to defy all further
progress.  Such was the state
of science and the world, when
Coperniens conseerated hus aue-
nius to the examinution « the
Leavens.

To amind singularly bold and
penctrating, Copernicus united
Labits of profound study aud
severs  observation.  Deeply
read in the received doctrines
of science, he examined with the
keenest interest every hing
which the philosophers of anti-
quity had left on record concerning the system of nature. For
more than thirty years he watched, with unceasing perseverance,
the movements of the heavenly bodies. By the construction of
superior instruments, he compared the observed places of the sun,
moon, and planets, with their positions computed from the best
tables founded on the theory of Ptoiemy. The hypothesis of
uniform circular motion had originally been adopted to preserve

Chperucus.



50 THE ORBS OF HEAVEN

the simplicity of nature, and with true philosophy. But as one
irregularity after another bad been discovered in the movemsiits
of the heavenly bodies, each of which must be explained on the
circular hypothesis, one circle had been successively added to
anc her, eccentries and epicycles, equants and differents, until, to
preserve simplicity. the system had grown to the most extrava-
gant complexity. The primitive idea of simplicity was a just one,
founded in nature and adopted in reason. But after thirty years
of vain effort to harmonise the phenomena of the heavens with the
theory of Ptolemy, after entangling himself in a maze of com-
plexity in his effort to preserve simplicit; , Copernicus was at last
driven to doubt, and doubt soon grew into disbelief. By a close
examination of the motions of Mercury and Venus, he found
that these planets always accompanied the sun, participated in
its movements, and never receded from it cucept to limited dis-
tances. The uniformity of their oscillations, from the one side
to the other of the sun, suggested their revolution abont that
Iuminary, in orbits whose planes passed nearly through the eye
of the observer. The Egyptians had reached to this doctrine,
had communicated it to Pythagoras, who taught it to his
countrymen, nearly two thousand years before the time of
Copernicus.

If, then, simplicity imperiously demanded the abandonment of
the carth as tne great centre of motion, in the search for a new
centre, a multitude of circumstances pointed to the sun. It was
the largest and most brilliant of all the heavenly bodics. It gave
light to the moon and planets. It gave life to the earth and its
inhabitants. It we# eertainly accompanied by two satellites,
and, above all, it was se related to the earth, that if motion in
the one was abandomed, it must instantly, and without a
moment’s besitation, be tramsferred to the other. Long did the

itate, perplexed with doubts, surrounded by pre-
judice, embarrassed with difficulties ; but, finally, rising superior
to every consideration save truth, he quitted the earth, swept
boldly through space, and planted himself upon the sun. With
an imagination endowed with the most extraordinary tenacity,
he carried with him all the phenomena of the heavens, which
were so fagiiliar to his eye while viewed from the earth. A long
train of investigation was now before him. He commences with
his now distant earth. Its immobility is gone ; he befiolds it
sweeping round the heavens in the precise track once followed
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hy the sun. The same constellations mark its career, the same
perdodic time, the same inequalities of motion ; all that the sun
has lost the earth has gained.

Thus far, the change had been without results. He now gives
his attention to the planets. Here a most beautiful scene broke
upon his senscs. The complex wanderings of the planets, their
stations, their retrograde motions, all disappeared, and he beheld
them sweeping harmoniously around him. The earth, deprived
of her immobility, started in her orbit, joined her sister planets,
and gave perfeclion to the system. The oscillations of Mercury
and Venus were converted into regular revolutions, still holding
their places nearest to the sun ; then came the earth, next Mars
and Jupiter, and Jast of all Saturn, away in the distance, slowly
pursuing his mighty orbit. All were moving in the same direction,
their paths filling tife same belt of the heavens.

Charmed with this beautiful scene, the philosopher turns to an
examination of the moon. Was she, too, destined to take her
place among the planets? A short investigation revealed her
true character. She could not be a planct revolving about the
sun inlerior to the earth’s orbit, for, if so, she would have imitated
the oscillations of Mercury and Venus. She was not a planet
revolving around the sun, eaterior to the orbit of the earth ; for,
in that case, she must have imitated the stations and retrograda-
tions of Mars, Jupiter, and Saturn. The invariability of her
diameter, as seen from the carth, joined to these considerations,
established the fact of her secondary character; and, like a
favourite minisier who accompanies his dethroned monarch in
his exile, so did the faithful moon cling to the earth, and follow
it in its wanderings through space.

Such is the beautiful system wronght out by the great Polish
philosopher. Far from perfect, it was founded in truth ; and,
although improvement might and must come, revolution could
never shake its firm foundation. While the more prominent
irregularities in the planetary motions were removed by con-
stituting the sun the centre of motion, there yet remained an
increase and decrease in the orbitual velocities of all the planets
now including the earth among the number, which were in-
explicable. The planets did not revolve, then, in circles whose
exact centre was occupied by the sun. The moon’s orbit was not
a oircle whose exact centre was'the earth ; and to explain these
unfortunate irregularities, Copernicus, clinging to circular motion,
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as the world had done for 2000 years, was driven to adopt the
sawe expedients which characterised the theories of Ptolemy :
the cccentric and epicycle were fastened upon the new system of
astronomy. Yet another difficulty embarrassed the mind of
Copernicus. In giving to the earth a rotation on its axis once
in twenty-four hours, he explained the apparent revolution of
the starry heavens. This axis of rotation, it was readily seen,
must ever remain parallel to itself in the annual revolution of
the earth in its orbit. Being in this way carried round such a
vast circumference, the prolongation of the axis ought to pierce
the northern heavens in a series of points which wonld form a
curve so large as not to escape detection. But no such curve
appearcd ; the north pole of the heavens, seratinised with the
most delicate instruments, preserved its position immoveably
throughout the entire revolution of the car®h in its orbit; and
to escape from this difficulty there was no alternative but to
admit that the distance of the sphere of the fixed stars was so
great that the diameter of the earth’s orbit, equal to 260,000,000
of wiles, was absolutely nothing, when compared with that
wmighty distance.

Under these circumstances, it is not wonderful that Copernicus
should have promulged his system with extreme diffidence, and
only after Jong delay ; indeed, his great work, selting forth his
doctrines, was never read by its author in print, and only reached
him in time Lo cheer his dying moments.

We cannot, then, be surprised that the new system was
received with doubt and distrust, or rather that it was for a
long while absolutely rejected. The progress of truth is ever
slow, while error moves with rapid pace. The reason is obvious:
error is seized by a class of minds, which asks no cvidence ;
while the searchers for truth adopt it only after the most
deliberate exmmination.

But the revolution had been commenced. A few bold minds
were struck with the simplicity and boauty of the conjectures of
Copernicus ; and when the exigencies of the age demand genius,
it scems to rise spontaneously. The mind had persevered in a
system founded in reason, and which nothing short of this very
perseverance could have demonstrated to be erroneous. Like the
traveller who is uncertain which of two roads to take, he refleets,
reasons, and decides, and, even if his choice be a wrong one, it
would be folly to stop before fully convinced that he had chosen
erroneously.
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DBut the mind is once again in the path of truth ; and after
wandering twenty long centuries in darkness, which grew deeper
and deeper, the change from darkness to light gives#igour to its
movements, and its future achievements are destined to be rupid
and glorious.

Here let us pause for a moment on the boundary which divides
ancient from modern science, and glance at the collateral circum-
stances which were found to modify and retard the investigations
which had commenced. The old doctrines of philosophy and
astronomy had become intimately interwoven with human society.
Ptolemy, and Plato, and Aristotle, were regarded with a sort of
reverentiul awe. Kven the Church, not following, but leading
the world in this profound respect for ancient philosophy, pro-
nounced the doctrines of Ptolemy in accordance with ilie revela-
tions of Seripture, snd girdled them with the fires of persecution,
through which alone their sacredness could be attacked. Thus
entrenched and defended by prejudice, by society, and by religion,
noune but the most daring spirit would cnter the conflict against
such unequal odds. Conscious of these difficulties, Copernicns
had wisely avoided collisiou, and gave Ljis doctrines to the world
with such caution as not to provoke attack. But this armed
neutrality could not long endure. If the new doctrine were
founded in error, left to itself it would never advance, and
would soon quietly siuk into oblivion. On the contrary, should
it prove to he based upon truth, no power could arrest its
progress, or stay its devclopment. The contest must come,
sooner or later, and demanded in those who should battle for the
truth the rarest qualities. .

Copernicus had merely commenced the examination of his bold
conjecture. A lifetime was too short to accomplish mnore. He
had transferred the centre of motion from the earth to the sun,
and rested the truth of his hypothesis on a diminished complexity
in the celestial phenomena. In' case the true centre had been
found, it now remained to determine the exact curves in which
the planets revolved, the laws regulating their motion, and the
nature of the bond which it was now suspected united the
planetary worlds into one great system. The resolution of these
profound questions was reserved fur Kepler, who has, without
flattery, been termed the Legislator of the heavens, and who'
has earned the veputation of being first in fact and firgt in genius
among modern agtronomers. He united, in the most perfect
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manner, all the qualifications of a great discoverer. Ardent,
m&mwﬁc, ond subtle, he pursued his investigations wilh a
keen and restless activity. Pati-
ent, laborious, and determined,
«ﬁﬂiculties shrunk at his ap-
proach and obstacles melted
before him. Unprejudiced and
pious, he sought for iruth in
the name and invoking ever
the guidance of the great Au-
thor of truth. If his theories
were not actually deduced from
facts, when formed, no test was
too severe, and nothing short
of a rigid, coincidence with
fact could satisfy the exacting
mind of this wonderful genius,
Realising fully the difficulty
Kepler. and importance of the re-
searches before him, once com-
menced, his perseverande knew no limit, and the fertility of
his imagination was utterly inexhaustible.

Such was the man to whom the interests of science at this eri-
tical juncture were committed. Having adopted as an hypothesis,
the central position of the sun, and the revolution of the earth and
planets around this centre, he determined to discover the true
nature of the planetary orbits, and find, if possible, some single
curve which would explain the orbitual motious of the celestial
bodies. To accomplish this difficult enterprise, Kepler wisely
determined to confine his efforts and investigations to one single
planet, and Mars was selected as the subject for experiment. He
eommenced by a rigorous compa.rwon between the observed
places of the planet, and those-given by the best tables which
could be computed by the circular theory. Sometimes the
predicated and observed places agreed well with each other, and
hope whispared that the true theory had been found; but
pursuing the planet onward in its sweep around the sun, it would
begin to Wiverge from its theoretic tradk, its distance would
increase, until it hecame evident that thetheox:ywas fulse,and
wust be abandoned.

Nothing daunted, the ardent 9lnlosopher oonsoled }umself with
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she thought, that among all possible theories which the mind
eould frame, one had been stricken from the list, and a diminished
number remained for examination. This was a #iew mode of
research ; and in case the number of theories was not too great,
and the patience of the philosopher sufficiently enduring, a time
would come, sooner or later, when success must reward his
labours. Thus did Kepler toil on, subjecting one hypothesis
after another to the ordeal of rigid experiment, until no less than
nineteen had been tested with the utmost severity, and all were
rejected. Eight years of incessant labour had been devoted to
this examination, He had exhausted every combination of
circular motion which the fertility of his imagination' ecouwld
suggest. They had all utterly failed, The charm was erded,
and he finally broke away from the faseination of this beautifal
curve, which for five thousand yesrs had so bewildered the
human mind, and boldly pronounced it impossible to-explain the
planetary motions with any circular hypothesis. This at least
was o great negative triumph. If he had not found the curve in
which the planets revolved, he had found what it could not be ;
and, released from all future embarr nt from eccentrics and
epicycles, he now pursued a lofty and independent train of
investigation.

Leaving for ever the cirole, the next simplest curve is called
the ellipse, an oval figure, which when but little flattened very
. nearly resembles the circle in form, but enjoys very different
properties. All diameters of a circle are equal. The diameters
of an ellipse are unequal. The centre of the circle is equally
distant from all points on the circumference. No such point
exists in the ellipse; but two curicus points are found on its
longest diameter, possessing the remarkable property of having
the sum of the lines joining them with any point of the curve
constantly equal to the longest diameter. Each of these points
is called a focus. This beautiful curve, with its singular pro-
perties, had been diseovered by the Greek mathematicians ; but
not remarking its use in nature, it had hitherto been regarded
only &s an object of amusing speculation. . To this curve did
Kepler apply, when driven from the circular hypothesis, and
again commenced his system of forming hypotheses, and hunting
them down, as he termed his scrutinising process. As in the
circular hypothesis the sun had at first been loeated in the centre,
80, in commencing ‘the elliptic theory, the centre of the longest
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diameter was made the centre of motion. Buoyant with hope,
the astronomer sets out to follow the planet around its elliptie
orbit ; but although for a short distance its movements were we.
represented, it finally broke away from the elliptic track, and bid
defiance to the central hypothesis. But Kepler was not in the
least disheartened with this first effort. He now shifts the sun to
the focus of the ellipse, construets his orbit, starts once more on
the track of the planet, watches it as it sweeps onward around
the sun ; the elliptic orbit holds it as it moves, farther, and still
farther. . Half its revolution is performed, and there is no
diverging ; onward it flies, the goal is won. Triumph crowns
the philosopher, the orbit is found !

Thus was accomplished one of the most important discoveries
which the mind had ever reached. The elliptic orbit of Mars
rapidly led to those of the other planets, and {o that of the moon,
and Kepler proclaimed to the world his first great law, in the
following langunage: “Planetls revolve tn elliptic orbits about the
sun, which occupies the common focus of all these ordits.”

This law swept for evér from the heavens and from astronomy
those complications whigh had stood the test of centuries, nay of
thousands of years. Their mysterious power was paralysed by
this single touch of the enchanter’s wano and ihey fled from the
skies. The circle was as simple and beautiful as ever ; but its
divine character was gone, and the gods or angelswho had so
long held their abodes in the planets were exiled from their
homes. The dawn of modern science broke in beauty on the
world.

Kepler having been so signally rewarded by this great dis-
covery, now turned his attention to an investigation of the first
importance,—one, indeed, which was indispensably necessary to
render his first discovery available. As the planets were known
to revolve in ellipses, and as their motion was found by observa-
tion to be-unequal in different parts of their orbits, it became a
matter of the first consequence to ascertain some simple law,
regulating the orbitual motion, and by means of which a planet
might be readily followed, and its places computed. To detect
this law, in whose existence Kepler seems to have entertained
the most unwavering faith, a figure was drawn representing the
orbit of Mars~the sun occupying one of the foci of the curve.
On the circumference of this curve the places of the planets ‘were
marked down as observation had determined them ; and here
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commenced a series of examinations which finally led to the
kuowledge of the second great law of the planetary motions,
which may be thus announced : If @ line be drawn frowm the centre
of the sun to any planet, this line, as it is carried forward Ly the
planet, will sweep over equal areas in equal portions of time. This
law accorded in the most perfect manner with fact, and gave av
once the power of following, and, from the mean motion, com-
puting the place of any planet,—a triuraph which all the cow-
plexity of older systems had failed ever to accomplish.

" Any other mind less adventurous than that of Kepler mlght
have been satisfied with these two great discoveries. The precise
curves described by the planets, and a law regulating their
motions in their orbits, sufficed to render all the phenomena of
the heavenly bodies not only explicable, but susceptible of
aceurate predictiog. There seemed nothing more to be added.
Kepler did not think so. He conceived the idea that the solar
system was not a mere assemblage of isolated planets revolving
ahout a common centre, but a great associated system, in which
some common bond of union existed, which, once found, would
present the solar system in a new and true light.

_This bond he believed existed in some hidden relation between
the times occupied by the planets in describing their orbitsy and
their distances from the sun. In the history of this remarkable
research, we are presented with one of the brightest examples of
the fruits of perseverance. If some superjor power, some Bpirit
from a brighter world, had revealed to the inind of Kepler the
actual existence of some rclation between the planet’s periods
und distances, and had proposed to him to discover this hidden
law, there would have been a definite object before the, astro-
nomer, and to have persevered in the pursuit of this object would
have been within the limits of probability, even if & lifetime were
exhausted in fruitless efforts. But to excite in his own mind a
faith sufficiently strong in the existence of a law of which thers
existed not the slightest evidence, and to have persevered in its
research for seventeen long years of laborious effort, Seerns almost
incredible.

There is an immense difference between the pursmt which
resulted in the discovery of the first two laws of Kepler, and the
third one. In seeking for the curve described by the planets, it
was looking for that which must have an existence; and in
tracing the law of a planet’s motion, it was absolutely impossible
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to follow a planet, or predict its positions, without sueh a law,
Bat in seeking for a bond of union among the planetary periods
and distances, it was a search for that which, it was believed,
had no -existence, except in the wild imagination of this extra-
ordinary philosopher. The history of mind searcely furnishes an
example in any.degree parallel, if we exeept, perhaps, the heroic
fortitude which marked the eareer of Colambus. Yet even the
great Genocese was in possession of solid facts on which to base
his reasoning. He saw evidences of the existence of another
hemisphere, which the -superficial could never realise. Kepler,
more beld, more grand, more sublime, dreamed of nothing less
than a brotherhood of worlds, & mighty and magnificent scheme
of vast vevolving orbs. Should suceess crown .his efforts, the
most brilliant results would follow. The distance of a single
platet from the sun once obtained, and the periodic time of all
being known, the distances might then be found for each indi-
vidual in the entire system, without even directing an instrument
to the heavens. Here then was.a prize to reach which no time,
or pains, or labour could be misapplied. Its return would be a
hundredfold.

But where was the prize to be sought ? Even admitting that
some common bond did bind the circling worlds into one harmo-
nious system, did it exist in some hidden relation between their
periods of revolutions, their distances, their magnitudes, their
densities ¢ or was it to be sought in some analogy between the
distances and periodic timea ? After long and deliberately pon-
dering this great problem, Kepler decided that the strongest
probability suggested that the distances of the planets, and their
periods of revolution, would in some way contain the mysterious
bond of union. - Here then did this daring mind concentrate its
energies ; and his purpose once fixed, he marches steadily forward
in his research with a coursge which no defeat could daunt, and

everance whieh knew no limit but succeas.

announcing ‘the final result, let me-explain two terms

loyed in ituttt«nant The square of any quantity results

by multxplymg it by itself, The cube comes from multiplying
the aguare by the number,, "The square of & planet’s period, or
the cube of its distan~e, are known the moment we know the
"pericd and distamoe, by.applying the simple rales of arithmetic.
After Kepler hnd exhausted all simple relations betwemn the
perio_dg amd distanoces of the planets, in no degree shaken in his
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lofty faith, he proceeded to try all possible relations between the
squares of the periods and distances, but with as little isuccess.
Nothing daunted, he proceeded to investigate the possible
relations between the cubes of the periods and distanses. Hero
again he was foiled ; no law exhibited itself. He rtturned ever
fresh to the attack, and now commenced a series of trials involving
the relations between the simple periods and the squares of the
distances. Here a ray of hope broke in upon his dim and
darkened path.,

No actual relation existed, yet there was a very distant
approximation, enough to excite hope. He then tried simple mul-
tiples of the periods and the squares of the distances : all in vain,
He finally abandoned the simple periods and distances, and rose
to an examination of the relations between the squaves of thess
same quantities. €aining nothing here, he rose still higher, to
the cubes of the periods and distances ; no suoccess : until, finally,
he tried the proportion existing between the squares of the
periods in which the planets perform their revolutions and the
cubes of their distances from the sun. Here was the grand
secret ; but, alas! in making his numerical computations, an
error in the work wvitiated the results, and with the greatest
discovery which the mind ever achieved in his very grasp, the
heart-sick and toil-worn philosopher, turzed away almost in
despair from his endless research.

Months rolled rouud,and yet bis mind, with a sort of keen
instinct, would reonr agim and again to this last hypothesis.
Guided by some kind amgel or spirit, whose sympathy had
been touched by the unwearied zealiof the mortal, he returned
to his former computstioms, and wifh a heaving breast and
throbbing heart, he detects the numerieal error in his work, and
commences anew. The squard of .Jupiter's period is to the
square of Saturn's period as the cube of Jupiter’s digtance is to
some fourth term, which Xepler hoped and prayed might prove
to pe the cube of Satewn’s distance. With trembling hand he
sweeps through the maze of fignres ; the fowrth term is obtained ;
he compares it with the cube of Baturn¥ distance. They are th‘
same! He could searcely believé his own senses. He feared
some demon mocked him. He ran over the work again and
again ; he tried the proportion, the square of Jupiter’s period to
the square of Mars’ period as the cube of Jupiter's distance to a
fourth term, which he found to be the cube of the distance ot
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Mars ; till finally full conviction burst upon his mind: he had
won the goal, the struggle of seventeen long years was ended,
God was vindicated, and the philosopher, in the wild excitement
‘of his glojous triumph, exclaims:

“Nothing holds me. I will indulge my sacred fury! If you
forgive me, I rejoice; if you are angry, I can bear it. The
die is cast. The bonk is written, to be read either now, or by
posterity, I care not which. It may well wait a century for
a reader, since God has waited six thousa.nd years for an
observer ! ”

More than two hundred years have rolled away since Kepler
announced his great discoveries. Science hus marched forward
with swift and resistless energy. The secrets of the universe
have been yielded up under the inquisitorial investigations of
god-like intellect. The domain of the mind has been extended
wider and wider. One planet after another has been added to
our system ; even the profound abyss which separates us from
the fixed stars has been passed, and thousands of rolling suns
have been descried, swiftly fying or majestically sweeping through
the thronged regions of space. But the laws of Kepler bind them
all ; satellite and ;)nma,ry planet and sun, sun and system, all
thh one accord proclaim, in silent majesty, the tnumph of the
hero philosopher.




LECTURE IV.

DISCOVERY OF TIIE GREAT LAWS OF MOTION AND GRAVITATION

_|HE remarkable discoveries which
had rewarded the researches of
Kepler, confirmed in the most
perfect manner the doctrines of
Copernicus, flowing as they did
from his prominent hypothesis, the
central position of the sun. Having
reached to the true laws of the
planetary motions, the whole cur-
reni, ‘of astronomical research was
cha,nged " New methods were de-

- yianded, and rore delicate means
of obgsrvation must be brought
into usé before the data could be

- fornishéed .. for new  discoveries.

Henceforwurd astronomy ootﬂd only advance by the aid of kindred

sciences. Mathematics, opties, and, above &ll, mechanical philo-

sophy, were to become the instruments of future congquests.

The philosophy of Aristotle, though very far from deserving it,
wiclded quite as extensmive an influence over the age as did “the
astronomy of Ptolemy. It appesrs, indeed, that the followers of
Aristotle regarded their master as abaclutely infallible, and gave
to his doctrines a credence so firm, that even the clearcst experi-
ments, the most tndeniable evidence of the senses, were sooner
to be doubted than the doctrines of the divine Greek, To attack
and destroy a system so deeply rocted in the prejudices of the
age, required a mind of extraordinary courage and power, a
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ly imbued with the love of truth, quick in its perceptions,
4t argument, and firm in the hour of trial.
;" Sughia mind was that of the great Florentine philosopher,
Galiled' Galilej, the semior, friend, and contemporary of Kepler.
Indesd, the exigencies of the age seem to have given birth to
three mnen, whose peculiar constitutions fitted them for separate
spheres, each of the highest order, each in some measure inde-
pendent, .and yet all combining in the accomplishment of the
great scientific revolution. While Tycho, the noble Dane, im-
mured within the narrow limits of his litile island, watching
from his sentinel-towers the motions of the stars, noting with
patient and laborious continuity the revolutions of the sun,
moon, and planets, was accumulating the inaterials which were
to furnish the keen and
inquisitive mind of Kepler
with the means of achiev-
ing bis great triumphs, -
Galileo, with a giant hand,
was shaking to their foun-
dations the philosophical
theories of Aristotle, and
startling the world with
his grand mechanical dis-
coveries, But for the ob-
servations of Tycho, Kep-
Jer's Wws'eould not have
Jpueti' vovealed.; but for the
‘magiet tube of Ghalileo,
- these Taws had been the
ne plus of astropomical
science. Thus do we wit-
ness the rare spectacle or
three, exalted intellects contemporsneously putting forth their
diverse talents in the accomplishment of one grand object. The
Dane, the German, and the Italian, divided by language and by
country, ynited in the pursuit of science ‘and of truth.

Called to Pisa to discharge the duties of a philosophical teacher,
Galileo was not. long in detecting the extravagant philosophieal
errors of Aristotfe, which had been implicitly received fop more
than twenty centuries. He continued to teach the text of his
old master; but it was only to expose its unsound and false
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philosophy to his wondering and incredulous pupils. A desscrd.
tion so monstrous could not long essape exposure mﬂ’ ‘punish-
ment. Indeed the Florentine made no secret of his teachings.
The Aristotelians made common cause against the young philo-
sophical heretic, and he was warned to, desist from his heresy.
Galileo gave for answer to his opponents, that he was ready to
relinquish his new views the oment they were shown by
experiment to be false ; on the other hand, he demanded of them
equal candour, and proposed to refer the matter of controversy
to the tribunal of expcriment.

Aristotle, in discussing the laws of falling bodies, affirmed the
principle, that the velocity acquired by any falling body was in
the direct proportion of its weight ; and if two bodies of unequal
weight commenced their descent from the same height, at the
same moment, the heavier would move as many times swifter
than the lighter as its weight exceeded that of the smaller body
Galileo doubted the truth of this principle, and on subjetting it
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ta.the tent of experimendyie:saw instantly that its vaviation
ide s Makldbe. The obvious character of
sedom Shdm all chances ¢f deception, and
the importance of the pringigle invelved, induced the young
philosopher to seledt it 4 the testy and to challenge his opponents
%o ppblic demonstration of the trth or falsehood of their old
gystem of philosgphy, The challenge was accepted. The leaning
%  tower of Pisa presented the
i A\\ most convenient position for
s’ N\ the performance of these ex-
: periments, on which Galileo
8o confidently relied for trium-
pbant demonstration of the
orror of Aristotle ; and thither,
on the appsinted day, the dis-
putants yepaired, each party
perhaps with equal confidence.
It was a great orisis in the
history of human knowledge.
On, the one side stood the
apsembled wisdom of the
® universities, revered for age
—— and science, venerable, digni-
truilien. fied, united, and commanding.
Around thém thronged the
agultitude, and $bgut them clustered the pasociations of centuries.
On the ether, there stood an ohscire young man, with no
rotinue of followers, without reputation, or infthence, or station.
But bis courage way equal to the decasion; confident in the
power of truth, his form ds erect, and his eye sparkles with
excitement.

But the hour of trial arrives. The balls to be employed in the
experiphenis are cavefully weighed and scrutinised to detect
doeeptipn. The parties are satisfied. The one ball is exactly
twice the waight of the othes, The followers of Aristotle main-
tain that when the balls are |, frdm the top of the tower,
the heavy.ome will reach the ground in exactly half the time
smployed by the Jighter bsll. Galileo asserts that the weights of
the balls do 1igt affect their velocities, and that the timfed df
wlescent will be equal ; and heve the disputants join issue. The
bplls sre oguveyed to the summit of the lofty tower. The crowd
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beheld, o his inexpressible delight, the varieties of her surfage
clearly defined ; her deep cavities, her lofty mountains, her exten~
sive plains, were distinctly -revealed to his astonished vision.
THaving satisfied himself of the reality of these inequalities of the
moon's surface, by watching the decreasing shadows of the moun-
tains, as the sun rose higher and higher on the moon, he turned
his telescope to an examination of the plansts. These objects,
which the human eye had never before beheld other than brilliant
stars, now appeared round and clear and sharp, like the sun and
the moon to unaided vision. On the 8th January, 1610, the
telescope was, for the first time, directed to the examination of
the planet Jupiter. Xts dise was clearly visible, of a pure and
silver white, crossed near the centre by a series of dark streaks
or belts. Near the planet Galileo remarked three bright stars
which were invisible to the naked eye. He éarclessly noted thewr
position with reference to the planet, for he believed them to be
fixed stars, and of no special interest, except to point out the
change in Jupiter's placc. On the following night, induced, as he
says, by he knew not what caude, he again directed his attention
to the same planet. The three bright stars of the preceding
evening were still within the field of his telescope, but their posi-
tions with reference to each other, were entirely changed, and
such was the change, that the orbitual motien of Jupiter could
in no way account for it. Astonished and perplexed, the eager
astronomer awaits the coming of the following night to resolve
this mysterious exhibition. Clouds disappoint his hopes, and he
is obliged to curb his impatience. The fourth night was fair, the
examination was resumed, and again the bright attendants of
Jupiter had changed ; his suspicions were confirmed; he no
longer hesitated. and pronounced these bright stars to be moons,
vevolving about the great planet as their centre of motion. A

.w nights perfected the discovery; the fourth satellite was
.,ebwtedd , and this astounding discovery was anmounced to the
world.

No revelation could have been more important or more oppor-
tune than that of the satellites of Jupiter. The advocates of the
Copernican theory hailed it with intense delight ; while the sturdy
followers of Ptolemy stoutly maintained the utter absurdjty of
such pretended discoveries, and arged as a sort of unanswerable
argument, that &8 there were but seven opesings in.the head,
*tyo ears; two eyes, two nostrils, and the mouth there could be

]
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in the heavens but seven planets.. . The more rational, however,
saw the earth, by this discovery, robbed of its pretended dignity.’
commanded the attendance of but;one. meon, while Jupiter
received the homage.of no less than four bright attendants. The
delighted Copernicans saw in Jupiter as a central orb, and in
the orderly revelution of his satellites, a miniature of the sun and
his planets, hung up in the heavens, and there placed to demen-
stzate to all coming generations the truth of the new doctrines.
Another distovery soon followed, which, it is said, the sagacity
of Copernicus foresaw would sooner or later be revealed to human
vision. It had been urged by the Ptolemaists, that in ease Venus
revolved about the sun, as was asserted by Copernicus, and
reflected to us the light of that luminary, then must she imitate
exuctly the phases of the moon : when on the side opposite to the
sun, turning towards us her illuminated hemisphere, she ought
to appear round like the moon ; while the ¢rescent shape should
appear on reaching the point in her revelution which placed her
belween the sun and the eye of the observer. As these changes
were invisible to the naked eye, the objection was urged with a
foree which no argument could meet. Indeed, it was unanswer-
able, and in ease the telescope should fail to reveal these changes
in Venus, the fate of the Copernican theory was for ever sealed.
The position of Venus in her orbit wus computed, the crescent
phase due to that position determined, the telescope applied, and
the eye was greeted with an exquisite miniature of the new
woon. There was the plamet, and there was the crescent shape
long predicted by Copernicns, received by him and his followers
as a matter of faith, now become a matter of sight. The doctrines
of Copernicus thus received not. ouly confirmation, but, so far as
Venus was concerned, a proof 8o positive that no scepticism could
rvesist. Tt is not my design to follow the discoveries of the
Florentine philosophér among the planetary orbs. These will be
resurmed hereafter, when we cotte ta examine more particularly
the physical constitution of the planets. I have merely adverted
to those discoveries, which became specially important in the
cussions between the ' partisans of .the old and the mew ‘
astronomy. T P T L
Admitting the dootrines ‘of Copernicus, and uniting to them '
the great discoveries of Kepler, let us examine the, condition ot
astronomiosd science; -aavertain precisely the point the mind had
reached, and the natmee 'of- the investigations Which next
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demanded its attentivn. From the fixst of Kepler's laws, the figure
of the planetary orbits became known, and the magnitude of the
eftipse described by any planet was casily determined. By
observing the greatest and least disthnces of any planet from the
sun, the sum of these distanses gave the longer axis of the orbit ;
end knowing this important line, and the focus, it became a
simple matter to construct the entire orbit. The line joining the
planét with the sun, while the planet ocenpied its shortest or
perihelion distance, gave the position of the axis of the orbit in
space, and its plane being determined by its inclination to that ot
the ecliptie, nothing remained to fix in space the figure, magni-
tude, and position of the planetary orbits. The next point was
to pursue and predict the movements of these revolving bodies.
This wes readily accomplished. A geries of observations soon
yevenled the time occupied by any planet in Performing one com-
plete revolution in ite elliptic ormt. Knowwng thus the periodic
time, and the position of the plamet in its orbit at any given
epoch, the second law of Kepler farnishod the key to its future
movements ; its veloeity in all parts of its orbit became known,
and the mind, swift and true, followed the flying world in its
rapid flight through space. It even went further, anticipated its
chaunges, and predicted its positions with a degree of certainty
only limited by the accuracy with which the elements of its orbit
had been determined.

The third of Kepler's laws, exhibiting the proportion between
the periodic times and the mean distaneds of the plancts from
the sun, united all these isolated amd wandering orbs into one
great family. Their periods of revolution were readily determined
by observation, and an accurate determimation of the distance
from the sun of & singie planet in the group, gave et once the
distances of all the remaining onee. Theincreased accuracy of
the megns of observation would render mare perfect each sucoes-
sive measure of the earth’s distemce from the sun, snd it seemed
now that the mind might stop amd rest from its arduous toil, that
scarcely anything remained to be done. The solar system was
conquered, and the fixed stars defied the utmoest efforts of human
powsy;

How widely doos this view differ from the true omet Tmot,
the true invesgigation had not even commenced. A height had
indeed” been gained, from whense alome the teae mature of the
next grea$ problem, beeame wvisihls ; wad, stamding upén this
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eminence, the mind beldly propounds the following questions ;=
‘Why should the orbits of the planets and satellites be ellipses,
rather than any other curve ¥ What power compelled tham to
pursue their presexibed paths with undeviating aceuracy  What
cause praduced their scoelerated motion when roming rownd to
those parts of their orbits nearer to the sun? What power held
plauet and satellite steady in their swift career, producing the
most exquisite harmony of motion, and s uniformity of results as
steady as the march of time ?

Here I may be asked, Do uot such questions horder on pre-
sumption 9 Are not such inquisitorial examinations touching
on the domain of God’s inscrutable providences, and would it not
be wiser to stop and vest satisfied with the answer to all these
questions, that God, who built the universe, governs and sustains
it by his power andsvisdom ? Doubiless this answer is true, and
in its truth man bumbly finds his highest encounragement to
attempt the resolution of the sublime questions already pro-
pounded for exawimation., let us admit that the divine will
produces all motion, speets the earth in its rapid flight about the
sun, guides the planets and their rovolving moons, and poises the
sun himself in empty space, as the great centre of life and light
and heat to his attendant worlds, I it not reasonable to believe
thai the will of the Omnipotent is exerted, according to some
uniform system, that this system is law, and that this law is
within the resoh of man? To eneourage this view, the simple
laws of metiop had been already revealed, and as these must
exert a controlling imfluence in our future examinations, we
praceed to unfold them.

First, then, it was discovered that if any body, situated in
speoe and dree to mpve, reeeive an impnlse capable of giving it &
velocity of ten feet in the first second of time, or any other
velacity, it will move off in the direction of the impulse for ever
in & straight line, and with undiminished and wnchanged velocity.
The intensity of the primitive jmpulse determines the velocity of
the body which receives it, and the one js precisely proportioned
to the other. Again, in case a moving body, while pursuing its
flight, receives an irapulae in a direction different from its prirgi~
tive ane, its pew direation and velocity will be determined by #he
direction apd intensity of the new impulse, according to the
principle diacovored by Galileo, and already explained. Lastly,
in every revolving body s disposition is generated to fly from the
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centre of rotation. The body seems urged by some invisible
force from the centre, and if the velocity be sufficiently increased,
2o matter how strong the bond which unites it to the centre, it
will in the end be severed, and the body, freed from its centre,
darts away in a straight line tangent to its former eirdle of revo-
lution, This power, which urges revolving bodies from the
centre of motion, is called the centrifugal force, and is proportioned
to the sguares of the velocity of the revolving bhody. Hence a
cord sufficiently sirong to hold a heavy ball revolving round a
fixed centre, at the rate of fifty feet in a second, would require to
have its strength increased four fold, to hold the same ball, if its
velocity should be doubled.

These simple laws, derived from & rigorous examination of
those moving bodies subject to man’s closer scrutiny, extend
their sway through the remotest regions ¢f space. Are these
laws necessary qualities of matter 7 'Why should a body, darting
awnry under the action of some impulsive force, pursue for ever
its undeviating direction, with undiminished velocity ? This
effect cannct arise from any necessa¥ proporty or quality of
matter, The law might have heen different ; the direction of
the buman body might have slowly varied, the velocity might
have incrensed or decreased in any proportion, and yet the flying
body, so far as we can understand, have retained all its physical
Auabties and properties. No . Divine wisdom has selected these
simple and beautiful laws from among & multitude, cither of
which might have been chosen. Stretching forward, therefore,
to the examination of the force by which the plancts are retained
in their orbits, was it not reascnable to expect that some law
might be found governing the application of that mysterious
power, and in some way proportioned 40 the mass of the moving
‘hody, and to the orbit which it described in wheeling around the
sun. That they were held by some invisible power to their
centre of motion, was manifest from the fact that the centrifugal
force, generated by the rapidity of their revolution, would have
hurled them away from the sun, if not opposed and counter-
poised by ‘equivalent power lodged in the great centre of
the planetary orbs. Here was an object worthy the highest
ambition of the human mind. No matter what might be the
nature of this foree, whether it should reside in the sun, or in
the planet, or in both ; whether it shdnld prova to be a property
of matter, or the mere uniform manifestation of the Omnipotent
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will ; the discovery of its law of action would give to the
mind the power of penetrating the darkest rccesses of nature,
and of rising to a knowledge of the profoundest secrets of the
universe.

Such is the nature of the invesligation propounded to the
powerful intellect of Newton. This eminent philosopher, justly
1cgarded as the most extraopdinary genius that ever lLved,
ncither originated the question which he undertook to diseuss,

Bir Jaaac Newton

nor divined the law of force which he proposed to demonstyate.
‘When Kepler had closed the investigations which led to the
discovery of his three great laws, his sagacity at once suggested
to his mind the existence of spme central foroe, by whose power
the planeiary movementa wene controlled. He bad watched the
wmoon circling around the earth, he had scrutinised the ocean
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tide, whose crested wave seemed to rise and follow the move-
ments of the moon, until he boldly announced that some invisibie
bead, some inscrutable power, united the one to the other. He
aven reached the conclusion, that this unkngwn force resided in
the mioon ; that by its power the waters were heaved from their
beds, and caused to follow the moon and imitate ita motions.
Doubtless the solid earth itself felt this mysterions power, and
swayed to its influence; but in conseguence of the immobility
of its particles, its effects had, thus far, escaped detection. Thus
once started on the track, Kepler pursued the speculation. He
attributed a similar to the sun, and cxtended its con-
trolling influence to the planets. He went yet farther, and
conjectured that the law of this waknown force was such, that it
diminithed as the squares of the distances at-which it operated
increased. That is, if the intensity of the power which it exerted
on a planet where the distance was 100,800,000 miles from the
sun, be counted as unity, removing the plaset to double the
distanoe, or to 200,000,000 seiles, the sur’s influence over it would
be reduced to one-fourth of ibs fornase value.

With Kepler tMis wamdcorful comjoeture always vemained
without pwoof. He lad placed ¥ on eepeed, and succeeding
philoscpbers had tweated it widh gmesber or Jeas seriousness,
according to the estimete miidh ey ghaced mpon the sagacity
of its anthor. Emep if Kopler hinnself bud sittomnpted the demon-
stration of this gwineiple, the dsta wiewe a8 yet wamting which
would have rendered it moocmoplishosent possible. The period
intervening between the thuse of Kegler and Newtom had not
boen Jeft unimproved. Descartes kel revealed the law of cen-
ixifugsd fores, and by eme of those ewtraardinary strokes of
genius, ocowrring amge in an age, ad fumtened the irvesistible
power of analysis upen geometry, which had given to the mind
a force and rapidity in the investigation of the figure of curves
and curvilinear motion, which had quadrupled its capacity. By
repeated efforts, a more aceurate knowledge had been obtained
of the circumference znd diameter of our earth, and through
this the distance of the moon from the earth in the successive
points of ite erbit had been approximated with still greater
precision, o

With these advantages, Newton gave the energies of his mind
to the demonstagtitm of that principle which had existed with
Eepler as a merp conjecture.
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Before proceeding to develope the train of réasoning pursued
by the great English astronomer, permit me firsi to prepare the
wny by a simple and perspicuous exhibition of the mathod
employed in determining the diameter of the earth and the
distance of the moon ; two elements which figure conspicuously
in the demonstration about to be made, and without a knowledge

Birth-place of Newton

of which it would have been impossible to proceed. We com-
mence with a determination of the diameter of the earth,

If an observer should start from any point on the surface of
the esxth in the morthern hemisphere, and, fixing hus eye upon
the north pole of the heavens, should travel directly towards
that point, all the stars in the north would appear to rise higher
above the horizon as he advanced in his journey. The star
which occupied the point immediately above his head when he
started, would appear gradually to decline towards the south.
If it were possible to travel on the same great circle of the earth
entirely around its circumference, the zenith star would appear
to purame an opposite reute in the heavens, and would return to
its primitive position oy on the return of the observer to his
point of starting. This, however, is not possible. What the
observer can atoomplish is this. He may travel north until his
zenith star shall appear to have moved south by one degres, or
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the three hundred and sixtieth part of the circumference of the
heavens ; then will he have passed over the three hundred and
sixtieth part of the circumference of the earth: all these parts
are of equal length ; he measures the one over which he has
passed, multiplies its value by three hundred and sixty, and the
result gives himthe eircumference of the earth, from which the
diameter of the earth is readily deduced by the well-known
proportion which exists between these lines. By this simple
method, the diameter of the earth being determined, its radius is
known, and we are prepared to explain the process by which the
moon’s distance may be found.

Let us locate, in imagination, two observers at distant points
on the same great circle of the earih, each prepared to measure
the angular distance at which the moon appears from the zenith
point of each station ; but the zenith of any place is the point
in which the carth’s radius prolonged reaches the heavens; the
sngular distanco of the moon from the zenith will exhibit pre-
cisely the inclination of the visual ray drawn to the moon’s
centre with the earth’s radius drawn to the place of observa-
1ion ; the zenith distances being observed at each station, the
observers knowing that part of the great cirele of the earth by
which their stations are separated, come together, compare
obgervations, and construct a figure eomposed of four lines.
Two of these are the radii of the earth drawn to the points of
observation. These may be laid down under their proper angle,
drawing from tHeir extremities two lines, forming, with the
radii, angles equal to the moon’s measured zenith distances.
Theso represent the visual rays drawn to the moon ; they meet
in & point which determines their lemgth, and if the figure be
constructed accurately, it will be found that either of these lines
is about sixty times longer than the radius of the carth, or the
moon’s distance is about 240,000 1niles.

‘We now return to the examination of the great question of a
ceniral force, and to the discovery of its law of aclion. Allow
me in the outset to explain, with extreme simplicity, the assumed
1aw, whose truth or falsehood it was required to demonstrate.
If any force resided in the sun which could resist the centrifugal
force of the plapets, or in any primary4o resist the ¢
force of the revolving satellite, it was conjectured that this force
would decrease ¥n proportion 28 the square of the distance
increased. Tn other language, if the planets were arranged at
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the following distances from the sun, the forces exerted upon

them would be represented by the second series, thus :—
Distances, 1 2 3 4 5 6 ete.
Foroes, 1 i ¥ % s efe

The measure of the intensity of any force of attraction situated
at the centre of the carth or eun, is accurately represented by
the velocity it is capable of imparting to a falling body in any
unit of time. Experiment shows that that power which causes
a+heavy body to fall to the earth’s surface, is capable of impress-
ing upon it a motion of about 1¢ feet in the first sccond of time
after its fall commences. In case the force diminishes, as we
remove the falling body farther from the centre of attraction,
the law of diminution would manifest itself in the diminished
amount of motion communicated to the falling body.

Now, if Newtonscould have carried a heavy body upward,
above the earth, until he should gain a height ubove its surface
of 4000 miles ; he would then be twice as far from the centre as
when at the surfuce of the earth. Dropping the heavy body,
and measuring accurately the distance through which it passes
1 the first second of time, in case he finds this to be one-fourth
of 16 feet, the distance fallen through by the same body in the
samo time, at the distance of 4000 miles from the earth’s centre,
the result would have confirmed the law which conjecture had
assigned as the law of nature. Could he have mounted one unit
higher, gaining an altitade of 8000 miles above the earth’s
surface, or three units from the centre, here repeating his experi-

.ment, in cage the space passed through by the falling body is now

one-ninth of 16 feet, it would yet further confirm the truth or
the conjectured law. Thus, could he have increased his altitude
by one unit or radius of the earth after another, repeating his
experiment as each new unit was added to his elevation, finding,
a cvery instance, the law of diminution fulfillled by the falling
body, all doubt as to the truth of the law would have Leen
removed, and its foundation in nature would have justly ﬁowed
from such a series of experiments.

Here, then, is precisely what must be accomplished to demon-
strate the assumed law of gravitation. But since these altitudes
of 4000 and 8000 miles could not be reached, might not some
change in the diglance passed over by a heavy falling body be
noticed and mepsured, if removed from o valley to the top of
the highest mountaini Alss! the increased distance from the
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centre of the earth gained by ascending the loftiest mountain
on its surface, is almost inappreciable, when eompared with the
entire distance, 4000 miles. Even if the mountain were 10 miles
high, the two elevations at which the experiment might then be
performed wopld be 4000 miles and 4010 miles, and the dimi-
nished velocity would not be appreciable, even with the most
delicate tests, much less ¢ould it be relied on to demonstrate the
truth or falsehood of a great primciple. Here, then, the mind
was brought to a full stop ; and for a long time it seemed impos-
sible that the philosopher should conquer the difficulties which
rosc up in his path, and defied his further advance. Finding it
impossible to perform any satisfactory experiment on the earth’s
surface, the daring mind of Newton conceived the idea of em-
ploying the moon itself ag the falling body, and of testing the
truth of his great theory by its fall towawds the earth. But
could he reach out his hand, grasp the revolving noon, stop it in
ita orbit, drop it to the earth, and measure its descent in the
first second of time ? No: vhis was impossible. The moon could
not be arrested in its career; but is this necessary? Is not
the moon, in one sense, constantly falling towards the earth ?
Newton asserted this to be true, and thus did he prove it.

Stand upon the earth, and stretching oupward into space 240,000
miles, there let the moon be located, poised, and fixed in space,
on a point of its present orbit. There let us suppose it to receive
an impulse in & direction perpendicular to the line which joins it
with the earth. By the first law of motion, being free to move,
it will sweep off in a straight line, tangent to its present orbit,,
and will pass over a space in the first second of time proportioned
to the intensity of the impulse received. Mark thmt space, and
bring the moon back to its primitive position. Now drop it
towards the earth, and as it descends freely under the earths
attraction, mark the space through which it falls in the first
second of time. This being known, bring back the moon once
again 2o its starting poimt. Now combine the impulsive foxce
first given with that power which first eaused the moon, when
left free to move, to fall to the earth. Let them both act at
once : the impulse is given, the moon darts off in a straight line,
but is instantly seized by the earth’s attraction, whick drags.is
from its rectilineal path, and the two contending forges, ever
struggling, neither conquering, exurcise a divided empire over
the mean ; ouward she moves, obedient to the impulsive force,
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bent 1o her orbit by the action of the earth’s attraction. Now
the amount by which it is deflectéd in one second of time, from
the straight line it would Hhawe pursued, is the amount precisely,
by which it falls to the earth.

If thus far' I have besn successful, what remains can readily
be accomplished. Newton easily computed, from the known
velocity of the moon in its orbit, and from the radius of that
orbit, the space through which the moon sctually fell towards
the earth in one second of time, He next computed the space
through which a heavy body would fall towards the earth’s sur-
face, if removed from the carth to a distance equal to that of the
moon. Now in case these two guantities should prove to be
exactly equal, the truth of the demonstration would be complete ;
the mooun did fall through the space required by the assumed
law, axfd in this evet the law must be the law of nature. For
seventeen long years did this incomparable philosopher, rivalling
the example of the immortal Kepler, toil on in this most difficult
enterprise. He finally reaches tlie result; the two quantities
arc found and compared; but alas! the computed distance
through which the moon must fall, in case the law of gravitation
were true, differed from the observed distance through which it
actually fell, Iy a sixth part of its value. Any less scrupulous,
any less philosophic mnind, would have been.content with this
near approximation, and would have announced the discovery to
the world. Not so with Newton. Nothing short of the most
rigorous accuracy could satisfy his couscientious regard for
truth. His manuscripts are laid aside, and the pursuit for the
present abandoned. .

Months roll by. Occasionally he returns to his computations,
runs over the figures, hoping to detect some numerical error ;
but all is right, and he turns away. At length, while attending
a meeting of the Royal Society in London, he learns that Picard
had just closed a more accurate measurement of the diameter of
the earth. This was one of the important quantities which
entered into his investigation. He returns home, and with
impatient cunomty spreads before him his old computations ; the
new value 'of the earth’s dismeter is substituted, he dashes’
atwaxd ‘throngh the maze of figures, he sees them shaping their’
values towards the long sought result ; the excitement was mars
thanwenhisgmntmmdcouldbm herea:gnstoaftiend, the
work is completed, the results compared, they are exactly equal !
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The vietory is won ! he had seized the golden key which unlocks

. the mysteries of the universe, and he held it with & giant's grasp!
There never can.come another such moment as the one we
-hawe described in the history of any mortal, . There are no'sueh
conquests remaining .to be made. -Standing. upon the giddy
height he had gained, Newton's piercing 'gaze swept forward
through coming centuries, and saw the stream of discovery
flowing from his newly discovered law, slowly inereasmg spread-
ing on the right hand and ‘on the left, growing broader, and
, deeper, and stronger, encircling in its flow planet after planet,
sun after sun, system after system, until the universe of matter
was encompassed in, its mighty movement. He could not live to
accomplish but a small portion of this great work. Rapidly did
he extend his theory of gravitation to the plancts and their
satellites. -Each accorded perfectly with tife law, apd, rising as
the inqw.ry was pursued, he at length announced this grand
prevailing law: |

Every particle of matter in t]ze wniverse attracts every other particle
of maiter 1with a force or power directly proportioned to the quantity
of maiter tn each, and dcmasmg as the squares of the distances
wwhich separate the particles inorease.

Having reashed this wonderful generalisation, Newton now
propounded this important inquiry. “To determine the nature
of the curve which a body would describe in its revolution about
a fixed centre, to which it was attracted by a force proportional
to the mass of the attracting body, and decreasing with the
distance according to the law of gravitation,” =«

His profound knowledge of the higher mathematics, which he
had greatly improved, gave to him astonishing facilities for the
resolution of this great problem. He hoped and believed thét
when 'the expression should be reached which would reveal the
nature®f the curve sought, that it would be the mathematical
langriage’ descriptive of the properties of the ellipse. This wa
the ourve in which Xepler had demonstrated that the planet.
revolved, and a confirmation of the law of gravitation required
that the-elipss should be the curve described by the rewolving
body, on the conditions announced, in the problem. . -

“There happmto be'a remarkable-class of enrves, dinwvem“

. Gireck mathsiaticians, called the' conic: sections; this
Wbaum“theycanalibefomedbycnthngame in
sertain directions:t The figure of &' cone with a circle for its.
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base, and converging to a point, is familiar to all. Cut this cone
perpendicular to its axis, remove the part eut, and the line on the
surface round the cone will be found to be acircle, Cut it again,
obligue to the axis, then the line of division of the two parts will
be an eilipse. Cut again so that the knife may pass downward
parallel to the slope of the cone, and in this case your section is a
parabola. Make a last cut parallel to the axis of the cone, and
the curve now obtained is the Ayderbole.

‘When Newton reached the algebraic expreseion which, wh-n
interpreted, would reveal the propertics of the curve sought, and
which he had hoped would prove to be the ellipse, he was sur-
prised to find that it did not look familiar to his eye. Iie
examined it closely , it was not the equation of the ellipse, and
yet it resembled it in some particulars. What was his astonish-
went to find, on o fomplete examination, that the mathematical
expression which he had reached, expressing the nature of the
curve described by the revolving body, was the general algebraic
expression embracing all the conic sections. Here is a most won-
derful revelation, Is it possible that, under the law of gravita-
tion, the heavenly bodies may revolve in any or either of these
curves ! Observation responds to the inquiry. The pltmets were
found to revolve in ellipses; the satellites of Jupiter in circles ;
aud those strange, angmalous, out-lawed hodies, the comets, whose
motions hitherto had defied all mvestxgamon, take their place in
the new and now perfoct system, sweeping round the sun in
parabolic and hyperbolic orbits.

Thus were these four beauntiful curves, having a common
origin, possessed of certain common properties, yet diverse in
character, mingling in close proximity, and gliding imperceptibly
into each other, suddenly transferred to the heavens, to become
the orbite of countless worlds. For nearly twenty centuries,
they had been the objegys of curious speculation to the mathema-
tician ; henceforward they were to be given up to the hands of
the astronomer, the powerful instrument of his future conquests
among the planetary and ecometary woxlds.

The three great laws of Kepler, to which he had risen with
such incredible toil and laBour, were now found to flow as simiple
eqnaequenves of the law of gravitation. It is impossible o con-
vey the slightest idea, in digsenssions so devoid of mathematios,
of the incredible change which had thus suddenly been wrought
in the mode of ixvestigalion. I never have closed Newton's

G



82 THE ORBS OF REAVEN

investigation, by which he deduses the mature of a curwe, described
by a body revelving around a fixed centre, under the law of gravi-
tabion, bearing with it consequences so simple ye. so wonderful,
without feelings of the most intense admiration. I cam convey
no pdequate idea of the difference of the methods employed by
Keplor and Newton in reaching the three laws of planetary
motion. T see Kepler in the candition of one on whom the fates
have fixed the task of rolling a huge stone up some rugged
mountain side, to its destined level, within a fow feet of the
summit. He toils on manfully, heaving and struggling, day and
night, in storm and in darkmess, never quitting his hold, lesi he
may lose what he has gained. If the ascent be too steep and
rocky, he diverges to the right, then to the left, winding his
heavy way zigzag up the moumtain side. Years ghde by, he
grows grey in his toil, but he never falters; onward and wpward
he still heaves the heavy weight ; his goal is 1n sight, he renews
his efforts, the last struggle is over ; he has fimshed his task, the
goal is won !

Such was Kepler's method of reaching his laws. Now for
Newton’s. 'He standy, not at the base of the mountsain, with its
long, ascending, rocky sides, but on the top. He starts his heavy
stone, it rolls of itself over, slowly over, and once again, and falls
quietly 1o its place. Lat me not be misunderstood, in this strange
comparison, a8 detracting in ‘the smallest degree from the just
fame that is due to Xepler. But for his sublime discoveries,
Newton could never have reached the mountam summit on
wluch he so proudly stood. Btanding there, he never forgot by
whose nssistance he had reached the lofty point, and ever recog-
nised, in the most public manper, his deep indebtedness to the
immortal Kepler.

A few words with reference to the rigoroms applieation of
Kepler's laws in nature will close this digeussion. 'The first law,
announcing the revolution of the planets in elliptie orbits, was
now made general, and recognised the wevelution of the heavenly
bodies in comic sections : the circle, ellipee, parabela, and hyperbola.

The seotpd law, fixing the equality of the spaces passed in
oqudthueq.bytbelinasgoﬁn&nghhapfmeh to the wun as these
were earvied vound in their elliptic orbite, now became
to all bedies revolving about e fixed centre, in any emrve, and
acoording to any law.

The third law, recognising the preportion between the squares
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of the periodic times and the cubes of the mean distances of the
planets, was extended to the satellites and to the comets;
modified slightly in the case of the larger planets, by taking into
account their masses or quantities of matter.

Here we close the era of research by observation. The mind
bas gained its last grand objeet. The era of physical astronomy
dawns ; new and wonderful scenes open, and to the contem-
plation of these we shail soon invite vour attention.




LECTURE V.

UNIVERBAL GRAVITATION APPLIED TO THE LXPLANATION O
THE THENOMCNA OF THE SOLAR S8YBTEM.

éfforts to reach a satisfactory expla-
nation of the movements of the
heavenly bodies, previous to the dis-
§ covery of universal gravitation, had
been made independent of amy
1 guiding law. The mind had been
&1 feeling its way slowly and labor-
§ iously, guiding its durection by
B attentively watching the celestial
B8 phenomena, and relying for its suc-
cess exclusively on the accuracy and
number of its observations. Each
discovery made was isolated ; and
- although it prepared the way for
the succeeding ones, it did not in any sense involve them a8 neces-
sary consequences, By the discovery of the great law of universal
gravitation, a perfect and entire revolution had been made in the
seience of astronomy. A new department was now added, which,
jprevions to the knowledge of this law, seuld have no existence,
In this branch of astropomy, the process of investigation being
inverted, the mind desvends from oné great law to an exami-
ation ofiﬁ;,eq‘nsequences, tracing these in their modified and
diversified fifliiences to their final Himits, Observation ik siow
wxgoyad to verify discovery, and not as the basis on which, and
without which, dlssbvery catmot be made,
The erts of physical’ astrondmy is, therefore, the great era in




THE ORMS OF HEAVEN, 8%

the history of the science. It involves the resolution of the most
wonderful problems, it calls into use the most refined and
powerful mathematical analysis, and demands the application of
the most ingenious and delicate instruments in seeking for the
date by means of which its theory may b rendered practically
applicable to the problems of nature. The mechanical philosopher
in his closct may construct his imaginary system. In its centre
he locates a sun, containing'a eertain mass of matter At any
convenient distance from this sun he locates a planet, whose
weight he assumes. To this planet he gives an impulse, whose
intensity and direction are assumed. The moment these data
are fixed, and the impulse given to the imaginary planet, no
matter in what kind of an orbit it may dart away, whether
circular, elliptical, parabolie, or hyperbolic, the laws of motion
and gravitation asserting their empire, the planet is followed by
the mathematician, with a certainty and accuracy defying all
escape. He assigns its orbit in the heavens, the velocity of its
movement, the period of its revolution. In short, in a single
line, he writes oul, its history with perfect accuracy for a million
years.

1f, now, to this simple system of a great eentral sun and one
solitary planet, the physical astronomer add a third body, a
moon, to the planct, he assumes its weight, the intensity and
direction of the impulsive foroe starting it in its career, and
now his system becomes more complex. Strike the sun vut of
existence, fix the planet, and the process of binding the satellite
in mathematical fetters iy precisely eimilir to that by which the
movements of the planet were prescribed around the sun, before
the existence of the satellite. But now, with those three bodies,
the train of investigation becomes more intricate and involved.
While the planet. alone circulated around the sun, such is the
undeviating accuracy with which it will for ever pursue its path
eround the sun, that if it were possible to hang up in space along
Jta route golden rings, whose diameter would just permit the
flying planet to pass, millions of revolutions will never mark the
slightost change. The rings once passed and then fixed, will
mark for ever the pathway of the solitary planet. But the
momen} amoon is given to this flying world, in that instant its
motion is changed ; it is swayed from its original fixed orbit, it
no longer passes through the golden rings; and although the
phiysical astramiomer may write out in his analytieal aymbols the
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fture nmstory of his planet and taoon, thess expressions are no
longer marked with the simplicity which obtained im these
which reécorded the history of the single planet, While solitary,
all changes were effected by the planet in one single revolution,
and these were repeated in the same precise ovder in each suc-
zesdive revolution. Now, with the satellive added, there are
shanges introduced running through memy revolutions, and
requiring for their complete contpensation vast pertods of time.
Indeed, the inquiry ariscs, whether this.system of a central sun,
with a planet and its satellite revolving about it, can be so
constituted that the changes which the planet and its moon
mutually produce on each other’s movements, may not go on,
constantly accumulating in the same direction, until all features
of the original orbits of both may be destroyed, both worlds
being finally precipitated on the sun, or Jriven farther and
farther from this luminary, until they are lost in infinite space.
This inquiry, in a more extended form, will be examined here-
after. 'We proceed to build up our imaginary system. Thus
far, we have regarded our planet and its satellite as mere material
heavy points. In case we give to them magnitude and rotation
on an axis, the velocity of rotation will determine the figure of
the planet and of its smtellite. These figures will deviate from
the exact spherical form, and this chemge of figure will sensibly
affect the stability of the axis of rotation, and will introduce
a series of subordinate movements, each of which must become
the subject of research; and to write out the future history
of the system, these minute and concealed changes must likewise
receive their mathematical expression.

Having thus thoroughly mastered all the phenomena of thiw
system of threo bodies, the astrenomer now adds another planet,
whose maass is assumed, together with the direction and intensity
of its primitive impulse. Its orbit is now computed, subjeet to
the greatly predominant influence of the sun, but sensibly
affected by the quantity of matter in the old planet and its satel
Lite, which prevents it from forming a fixed and unchangeabls
orbit in epace. Again he is obliged to return to an examination
of hia first planet and its moon, for these again break away from

heir previous rontes, and in consequence of the action oftrtlte
second plamet, sssume mew orbits, and are sabject to pertodical
fluctuations, which demand crities! examination, and without a
knowledge of which no truthful history of the planetary system
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can be written. To the second planet let us now add several
sutellites, each of which has its maas assigned, and the direction
and intensity of the impulsive force by which they are projected
in their orbits. Here, then, is a subordinate system demanding
a complete examination. The aatellites mutnally affect each
other's motions, and each is subjected to the inflwence of the
primitive planet and its moom. Again does the physical astro-
nomer review his emtire investigation. The addition of these
satellites to his second planet has introduced changes in all the
previous bodies of the system, which must now be computed, to
keep up with the growing complexity. This task is at last
accomplished. All the changes are accurately represented. Ana-
lysis has mastered the system, and the history of its changes are
written out for hundreds and thousands of years.

A third planet wiith its satellite is now added. This new sub-
ordinate system is discussed, and ite operation on all the previous
planets and satellites eomputed ; and, after incredible pains, the
astronomer once more masters the entire group, and follows them
all with unerring precision through cycles of changes compre-
hending thousands or even millions of years.

Thus does the difficulty of grasping the system increase in
high ratio oy the addition of eviry new plamet and satellite, till
finally the last one is placed in ita orbit, and the system is com-
plete, vo far as plunets and satellites are comserned. Through
this complicated system now eause thousands of comets to move
in eccentric orbils, coming in from every quarter of the heavens,
plunging downwards towards the sun, sweeping with incredible
velocity around this c¢entral luminary, and receding into space
to vast distances, either to be lost for ever, or to return after
long periods to revisit our system. These windering bodies must
be traced and tracked, their orbits fixed, their periods deter-
mined, their influence on the planets and satellites, and that
exerted by these on the comets, must be computed and deter-
mined ; then, and not till then, does the physical astronomex
reach to a fall knowledge of this now almost infinitely complex
system. .

In this imaginary problem it will be observed that certaim
quantities were invariably assumed before the discussion could
proceed. The mass of the sun, the mass of each planet and
satellite, the imfensity apd direetion of the primitive impulse
given to eachi planet and ssbellite, these guantities are supposed
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to be known. If, now, the astronomer has actnally aecomplished
the regolution of the imaginary problem, and has obiained ana~
lytic expressions which write out and reveal the future history
of his assumed planets and satellites, as they rewolve around his
assumed sun, if in these expressions he should substitute the
actual quantities which exist in the solar eystem for those
assumed, his expressions would then give the history of the solar
systom for coming ages, and by reverse action would reveal 1ts
past history with equal certainty.

Before we can, therefore, bring the power of analysis to bear
on the reselution of the grand problem of nature, we must mter-
rogate the heavens, and obtain the absolute weight of our sun, of
each planet, and of every satellite. Next we require the n-
tensity and direction of the impulsive force which projected each
planet and satellite in its orbit, and which would have fised for ever
the magmitude and position of that orbit, in case no disturbing
causes had operated to modify the action of the primitive hupulse,

Having thus attempted to exhibit, at o single view, the general
outlines of the great problem of the solar system, we propose
now to return to the examination of a system composed of three
bodies; and to fix our ideas, we assume the sun, earth, and moon.
In case the earth existed alone, the elliptic orbit described in its
first revolution around the sun would remain unchanged for ever ;
and having pursued it, and marked its changes of velocity in the
different parts of its orbit for a single revolution, this would be
repeated for millions of years, But let us now give to the earth
ita satellite, tho moon, and setting out from its perihelion, or
pearest distance from the sun, let us endeavour to follow these
two bodies as they sweep together through space, and mark
particularly the effect produced on the moon’s orbit by the dis-
turbing influence of the sun, To give to the problem greater
simplicity, let us conoeive the plane of the moon’s orbit to coin-
cide with the earth’s. The Jdaw of gravitation, which gives to
every attracting body a power over the attracted one, gravity
increasing as the distance decreases, it will be perceived that
when the earth and moon ars meavest to the sun, whatever
influence the sun possesses to embarrass or disturb the motions of
the moon about the earth, will here be exercised with’ the
greatest effect. But since the sun-is exterior to the moon’s orbit,
its tendenoy will be to draw the moon away fram tho earth, and
osuse her to describe sround her primary a larger orbit ina
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tonger period of revolution than would have been employed in
ease no sun existed, and the moon was glven up to the exclusive
eontrol of the earth..

Sta,rtmg the: planet on 1ts annual joumey, ag it recedes from
the sun in passing from its nearest to its most remote distance,
or from perihelion to aphelion, the moon is gradually removed
from the disturbing influence of the sun ; it i8 subjected moro
exclusively to the earth's attraction ; its distance from the earth
grows less, and the periodic time beeomes shorter. These changes
continue in the same order until the carth reaches its aphelion,
There the moon’s orbit is a minimum, and its motion is swiftest.
In passing from the aphelion to the perihelion, the earth is
constantly approacning the sun; and as the sun’s influence on
the moon increases as its distance diminishes, its orbit will now
expand by slow degrees, and the peribdic time will diminish,
until on reaching the perihelion, in case the figure of the earth’s
orbit remains unchanged, the moon’s periodic time will be
restored to its primitive value, and all the effeots resulting from the
elliptic figure of the earth’s orbit will have been entirely effaced.

Thas far we have directed our attention exclusively to the
changes in the distance of the moon and its periodic time. But
the moon’s orbit is elliptical, as well as-the earth’s, and it is
manifest that the sun’s influence 'will operate to change not only
the magnitude of this orbit, but will in like manner produce a
change in the position of the moon’s perigee, or'nearest point of
distance from the earth. If the earth were stationary, and the
moon revolvea around it, passing between it and the sun, and
then coming round so as to be beyond the énrth with respect to
this luminary, although the moon’s orbit would be sensibly
affected by the sun’s attraction, yet this having, exerted iiself
during one revolution of the moon, all its effects would be
ropeated in the same order during the next revolution, and the
relative positions of the sun and earth remaining the same, the
moon would come finally to have a fixed orbit, and its principal
lines or axes would mevér change. But this is not the caseof
nature, The earth swiftly turning in its orbit, and bearing with
it its revolving satellite, by the time the moon has completed &
revolution, the san and earth have entirely ohanged their relative
positions, and the moon' eannot' reach its perigee, or nearest

distance from the emh, Wthe su’me’ pomt a8 in the preoedmg
revolution, :
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By an sttentive examination of this problem, it is found that
the tendeney is to cause the moon to reach its parigpe earlier
than it would do if not disturbed, and in {his way the parigee of
a fixed orbit appears to adwance to meet the eoming moon, and,
in the emd, to continue advancing wmtil it actnally revolves
entirely round in & period which obgervation determines to be
about nine years,

It is not my intention to enter into a detailed examination of
all the effects resulting from the sun’s disturbing power on the
moon’s motions ; neither shall I attempt to exhibit all the effects

. produced by the moen on the earth. This would require a train
of investigation t¢o elaborate and intricate to comport with my
present purposes. My object is simply to show that changes
must arise from the mutual and reciprocal action of these three
bodies, which the theoly of gravitation muat explain, and the
telessope point out, before it be possible to obtain a perfect
knowledge of these bodies.

The exact estimation of these changes can never be made until
we shall have learned the relative masses of matter contained in
the sun, earth, and moon. Im other language, we must know
how many moons it would reguire to weigh as much as the
earth, and ew many earths would form a weight equal to that
of the sun.

But is it possible that man, situated upon our planet, 237,000
nailes from the moon, and 95,000,000 of miles from the sun, can
actually weigh these worlds against each other, and determine
their relative masses of matter? Even this has been accom-
plished, and T shall now procesd to explain how the earth may
be weighed against the sum. Dropping a heavy body at the
enrth’s surface, the velooity impressed on it in the first second of
time will mepsure the weight of the earth in one semse, If it
were possible to take the same body to the sun, drop it, and
measure the velocity soquized by the falling body in the fivet
second of time, the relative distances pagsad through at the sun
and at the earth by the same body in the same time, would show
exactly the relative weight of the sun and earth, for their capa-
city to commumicate velocity are emmotly proportiomed to their
masses. Now, althongh this experiment sannot be performed in
the exact termawanounced, yoty % 'we hawe aiready shown, the

MW&WM the earth, and the earth
is ne tly dropping towards the,sun. Now, in case we
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mesgure the amount by which the moon is deflected from a straight
line in one sscond of time, this measures the intemsity of the
earth’s power. But the amount by which the earth is deflected
from a right lime by the central power of the sun in one second,
is easily measured from a knowledge of its period and the magni~
tude of its orbit. Executing these caloulations, it is found that
the sun’s effect on the earth is rather more than twice as great
as the earth’s effect on the moon, and in ease these effecta were
produced at equal distances, then would the sun be shown to
contain rather more than twice as much matter as is found in
the earth. But the sun produces its effect at a distance four
hundred times greater than that at which the earth acte on the
moon : hence, as the force diminishes, as the square of the dis-
tance increases, a sun acting at twice the distance at which the
earth sets, must be four times heavier to produce an equal efféct;
at three times the distance, it must be nine times heavier, and at
four times the distance, sixtcen times heavier ; at 400 times the
distance, 160,000 times heavier than the earth. Thus do we find
that, in case the sun's action on the earth were exactly equal to
the carth’s action on the moon, in consequence of the great dis-
tance at which it operates, its weight would be equal to that oz
160,000 earths, But its actual effeet is rather more than double
that of the earth on the moon, and hence we find it contains
rather more than double 160,000 earths, or exactly 354,936 times
the quantity of matter contained in the earth.

This enormous mass of the sun is confirmed by an examination
of its aetual dimensions. An object with an apparent diameter
equal to that of the sun, and at a distance of 95,000,000 miles,
must have a real diameter of 883,000 miles, & quantity so great
tha if the sun’s eentre ware placed at the earth’s centre, its vast
eirenmierence would give ample room for the moon to circulate
within its surface, leaving me great s space between the moon’s
orbit and the sun’s surface as mow exists betwaen the moon and
earth.

1t is this immense magnitude of the san, when compared with
the planets and their satellites; which renders the orbits of the
planets comparatively unaltersbis. It is true that these bodjes
mutuslly affect each other, but these effects are comparatively
slight, and astronomeys’ regard them as perturbations, o iere
disturbances of the origiusl elliptic motion. Hence we-find the
magnitude and position of the earth's elliptic orbit remsnin with



02 THE ORBS OF HEAVEN

out any very sensible variation for two or three revolutions ; but
tlhre elight disturbance experienced at eash revolution, constantly
acoumulating in the same direction, in a lomg series of years,
occasions changes that cannot be lost sight of, and which, by a
reflex influence, become in some instances exceedingly important
in their practical applications,

Aw it will be impossible to treat fully the complex subject of
perturbation, I will call your attention to a few points about
which cluster peculiar interest, in consequence of their great
difficulty, and the almost infinite reach of analysis displayed in
their successful exnmination.

I have already explained how it is that the disturbing influence
of the sun oceasions a constant fluctuation in the periodic time
of the inoon, accelerating it as the earth moves from peribelion
to aphelion, and again retarding it from apkelion to perihelion.
If, now, we take a large number of revolutions of the moon, say
a thousand, add them all up, and divido by one thousand, we
obtain a mean period of revolution, which, in case the earth’s
orbit remains Invariable, will never change, but will bo constantly
the same for thousands of years. By such an examination during
the last century, the mean motion of the moon was obtained with
great precision. But on a comparison of eclipses recorded by the
Babylonians with each other, it was discovered that the moon in
those early ages required a longer time to perform her mean
revolution than in modérn times. A like comparison of the
Babylonian eclipses with those recorded i the middle ages by
the Arabian astronomers, confirmed this wonderful discovery,
which was yet farther substantiated by comparing the Arabian
eclipses with those observed in modern times. It thus became
manifest that, to all appearance at least, the moon’s mean motion
was prowing swifter and swifter from century to century ; that
it was approaching closer and still closer to the earth, snd if no
limit o this change was ever to be fixed, sooner or later the final
catastrophe must comé, and the moon be precipitated on the
body of the earth, and the system be destroyed.

An effort was made {0 accoun$ for this acceleration of the
moon, on the theory of gravitation; but, for a long time, there
secmed to be nd porsibility of tendéving s satisfactory explination
of the phenometin, fardess of presoriliag the limits which sheuld
circumseribe‘the vhanges, Some, to essape from the difficulty,
rejected entirély the hnvient eclipses, and boldly cut the knot, by
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vronouncing the acceleration as impossible, and without any
foundation in faet. Others admitted the fact, but finding it
impossible to account for it on the hypothesns of gravitation, con-
ceived the idea that the moon was moving in some ethereal fluid,
capable of resisting its motion, and prodncing s diminution in its
periodic time of revolution. That acceleration should be the
effect of resistance, may seem to some very strange, but a little
reflection will render the subject clear. In.canse the moon’s
onbitual motion is resisted, then the centrifugal foree, which
depends on the velocity, becomes diminished, and the central
power of the earth draws the moon closer to itself, decreases the
magnitude of its orbit, and, in like manner, reduces the time of
accomplishing one revolution about the earth.

Finding no better solution of the mystery, and being obliged
1o acknowledge the éact that the mean motion of the moon was
becoming swifter and swifter, from the action of a resisting
wmedinm, there was no escape from the final consequeaces; and
it was, by some, believed that the elements of decay existed, that
the doom of the systein was fixed, and although thousands,
possibly millions, of years might roll away befoxe the fatal day,
yot it must come, slowly, but surely as the march of time. Such
was the condition of the problem when Laplace gave the powers
of *his giant intellect to the resolution of this mysterious subject.
The consequences involved gave to it am unspeakable interest,
and the world waited with keen anxiety to learn the result of the
investigations of this great geometer. Lomg and difficult was the
struggle, slow and laborious the task of devising and tracing out
the seoret causes of this inscrutuble phenomenon. The planets
are weighed and poised against the earth, their effects computed
on its orbit, the final result of these eﬁectl determined, and the
reflex influence on the moon’s motion computed with the most
extraordinary presision. Under the searching examination of
Lagplace’s potent apalysis, nature is eenquered, the mystery is
resolved, the law of gravitation is windiocated ; the system is
stable,andsha]lenduretheu@hpermdswhmehmms God alone
and not max, shall preseribe,

Follow me in a simple explanation of this most vemarkable
dis8overy. It hae already boew stated, that in case the earth's
orbit could remain wpchasited, the mean peried of the moon
as derived from a thousund of its revolutions, would be.constant,
and would endure without the slightest change for millions of
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years. But this permancncy of the earth’s orbit does hot exist,
Laplace disaovered that under the joint action of all the planets,
the figure of the earthls orhit was slowly changing ; that while
its longer axis rgmained inveriable, that its shape was gradually
becammgmwemﬁmoumlymmuhr At the end of a vast
period, its alliptinity would be destroyed, and the earth would
sweep around the sun in an orbit precisely eircular. Attaining
this lunit, a reversed action commences: the elliptic form is
resumed by slow degwees ; the eccentricity inoreases from agefto
age, until, at the end of millions of years, a second limut is
reached. The mption is again veversed ; the orbit again opens
out, approaches its cirenlar form, and thus vibrates backwards
and forwards in millions of years, like some wighty pendulum
beating the slowly ebbing seoonds of eternity !

But do you demend howithis change in the figure of the earth’s
orbit esn effest the moon’s mean motion 7 The explanation 1s
easy. Were it possible fo seize the earth and hurl it to an infinite
distance from the sun, its sabellite, now released from the dis-
turhing influence of this great central mass, would yield itself up
implicitly to the earth’s control. It would be drawn closer to
its centre of motion, and its orbit being thus diminished, its
periodic time would be shorter, or its motien would be accelerated
or made swifter than it now is. This is an exaggerated hypo-
thesis, to render ;more elear tho effect produced by removing the
earth farther from the sun. Now, the change frem the elliptical
to the eircalar form, which has been progressing for thousands of
years, in the sarth’s orbit, is, so far as it goes, canrying the earlh
at each revolution a little farther from the sun, veleasing, in this
way, the moen, by slow degrees, frcam the disturbing influenve of
that body ; giving to the earth a more exclusive control over the
aypvements of its satellite, and thus inoreasing the velacity of the
moou in it orbit from mge to age. But will this acceleration
ever wench a limit? DJlewer, until the eaxth's orbit becomes am
exaotscircle, at the end of millioms of years. 'ﬂun,mxiud, does

pd, ita Smo dowly inovesses. Thus is mehnihnn
Wm’ﬁoWﬂMmdaﬁth’mof these mighty
eycles, congisting of millions of vears. wm exast compensation is
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effected, and the moon's meétion having gone through all its
changes, once more resumes its original value,

I can never contemplate this wonderful revelution without
feelings of profound admiration. Buch is the extreme slowness of
this change in the moon's 'mean motion, that in the period of
three thousand years she has got only four ¢f her diameters in
advance of the position she would have occupied in case ne
change whatever had been going on. Here, then, is a cycle of
changes, extending backward, to its least limit millions of years,
and extending forward to its greatest limit tens of millions of
years, detected and measured by man, the existence of whose
race on our globe has scarcely been an infinitesimal portiom of
the vast period required for the fall accomplishment of this
entire series of changes.

May it not, then? be truly said, that man is in some sense
immortal, even here on earth? 'What is time to him, who embraces
changes in swiftly revolving worlds, requiring countless ages for
their completion, within the limits of an expression so condensed
that it may be written in a single line? Does he not live in the
past and in the future, as absolutely as in the present ? Indeed
the present is nothing ; it is the past and future which make up
existence,

In the exaraple of the moon’s aceeleration just explained, we
must not fail to notice & most remarkable fuct. It is this: the slow
alkange in the figure of the earth’s orbit, ocessioned by the joint
action of all the planets, and upon which depends the acesleration
of the moon’s mean motion, is so disguised, that but for its reflex
influsnce on the moon, the probability is it would have eseaped
detection for thousands of years. The direct effect is almost
insensible ; but being indirectly propagated ‘to the moon, it is
displayed in a greatly exaggerated manmer, iz in this way
detected, and feally, after inoredible pains, traced to its origin,
and demonstrates in the most beantiful saanner the prevalence of
the great law of universal gravitetion.

Since the gemersl adeption of this law, the human mind has
been, in not & few instencee, diapgsed 40 abundon its universality,
and seek for a seluticn of some dntricate problem, by which it
was'perglezed, inisome dangs dr snodifieation of the law ; but in
no instance has the effortdofly froxm the Inw been sucseasful. Mo
master how long and intrbeate the examination, how far the sind
wmight be carried from &his gveat law! in the end it 'mikt come
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back and acknmowledge its universal empire over owr emtire
)

It has already beon remarked, that one of the effects of the
sun’s disturbing influence exerted on the moon was to ocoasion a
change in the position of ite perigee, causing it to complete an
entire revolution in the heavens in about nine years, The theory
of gravitation gave a very satisfactory account of this pheno-
menon generally; but when S8ir Isaac Newton undertook the
theoretic computation of the rapidity with which the moon’s
perigee should move, he found, to his sastomishment, that no
more than one-half of the observed motion of the perigee was
obtained from theory. In other language, in case the law of
gravitation be true, Newten found that the moon’s perigee
ought to require eighteen years to perform its revolution in the
heavens ; while observation showed that sthe revolution was
actually performed in one-half of this period. This great philo-
sopher exhausted all his skill and power in the vain effort to
overcome this difficulty. He died, leaving the problem unresolved,
bequeathing it to his successors as a research worthy of their
utmost efforts.

Astronomers did not fail to recognise the high claims of this
investigation. Gravitation was once more endangered. The most
elaborate computations were made, and the results obtained by
Newton were 80 invariably verifiad by each successive eomputer,
that it seemed utterly impossible to avoid the eonclusion that
they were absolutely accurate, and that the theory of gravitation
must be modified in its application to this peculiar phenomenon,
At length the problem was taken up by the distinguished astro-
nomier Clairaut. After repeating, in the most accurate manner,
the extensive computations of his predecessors, reachiny invariably
the same results, he finally abandoned the law of gravitation in
despair, pronounced it ineapable of explaining the phenomenon
and undertook to frame s théory which should be in accordance
with the facta. ‘

- This startling declaration of Claivaut excited the greatest
interest, -Ap abaudonment of* the theory of gravitation was
nothing lesq thae retuining once more to the original
hich kad péigued-in the planetary worlds, and ofcommem
again the rénolution of the great problem which it had long b
hoped was entizely wishin the grasp of th¢ human intellect, “Tn
this dilemma, when the physical actronomer had abandoned the
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law of gravitation in despair, and the legitimate defenders of the
theory were mute, an advocate arose where one was least to be
expected. Buffon, the eminent naturalist and metaphysician,
boldly attacked the new theory of Clairaut, pronounced it
impossible, and defended the law of gravitation by a train of
general reasoning which the astronomer felt almost disposed to
treat with ridicule. What should a naturalist know of such
matters ? was rather contemptuously asked by the astronomer.
14 is true he knew but little ; yet his attack on Clairaut had the
effect of inducing the now irritated astronomer to return to his
computations, with a view to overwhelm his adversary. He
now determined to rest satisfied with nothing short of absolute
perfection. A certain series, which had been reached by every
computer, and the value of whose terms had been regarded as
decreasing by a certsin law, until they finally became inappre-
ciable, from their extreme minuteness, and therefore might,
without sensible error, be rejected, was found, on a more careful
examination, to undergo a most remarkable change in its cha-
racter. It was true that the value of its terms did decrense
till they became exceedingly small ; but so far from becoming
absolutely nothing, on reaching a certain value, the decreass
became changed into increase ; the sum of the series expressing
the velocity of the moon’s perigee was in this way actually
doubled, and Clairaut found, to his inexpressible astonishment,
that the investigation which had been commenced with the
intention of for ever destroying the universality of the law of
gravitation, resulted in his own defeat, and in the perfect and
triumphant establishment of this great law.

Thus far, in our examinations of the moon and earth, we have
regarded their orbits as lying in the same plane~an hypothesis
which greatly simplifies the complexity of their motions. This,
however, is not the case of nature. The moon revolves in an
orbit whose plane is inclined under an angle of about four degrees
to the plane of the ecliptic. During half of its journey, it lies
above the plane of the earth’s orbit, while the remaining part of
its route is performed below the ecliptic. Thus does the moon,
at each revolution, pass through the ecliptic at two points called
the nodes, which points, being joined by a straight line, give us
the intersection of the plane of the moon’s orbit with that of the
carth,' This line of intersection, called the line of the nodes, but
for the disturbing influence of external causes, would remain fixed

"
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fn the heavens. But we know it to be constantly fluctuating,
and in the end performing an entire revolution. The exact
amount of this change has been made the subject of accurate
examination, and the law of its movement has been found to
result precisely from the law of gramtatwn. Not only is the line
of intersection of the plane of the moon’s orbit with that of the
earth candtantly changing, but theory as well as cbservation has
ascertained that a series of changes are equally progressing in
the angles of inclination of these two plames. The limits are
narrow, but the ascillations are unceasing, complicating more
and more the relative motions of these two remarkable
bodies.

In the physical examination of the revelution of the planetary
orbs by the application of the law of gravitation, the general
features of the mvestigation are greatly sjmplified by the fact
that the planets and satellites may be regarded as spherical
bodies, and may in general be treated as though their entire
.mass were condensed into a material heavy point, situated at
their centre. While this atatement is true in its broader appli-
cation to the theory of planetary perturbations, or even in the
theory of the sun's action on the planets, especially the more
distant ones, it is by no means to be admitted, when we come to
& eritical examination of the figures of the planets, and the
influence exerted by these figures on their near satellites.

In ease the earth had been created an exact sphere, and had
heen prejected in its orbit without any rotation on an axis, then
would ite globular figure have remained without sensible change.
But as it revolves swiftly on its axis, the laws of motion and
gravitation come in to modify the figure of the earth, and to
change it from an exact spherical figure to one which is flattened
at the poles and protuberant at the equator. Newton’s sagacity
detected this result as a necessary comsequence of the action of
gravitation, and he actually computed the figure of the earth
from theary, long before any observation or measurement had
created a suspicion that its form was other than spherical. The
trulywwaderful train of consequences flowing from the spheroidal

fathe aarthngutothwsubjecta.hxghmterest,and

Fas closs an examination of its principal features' mthe
of our investigations will permit.

Bive to the earth, then, an exactly spherical form, a,id a
diameter of 8000. miles, with a rotation on an axis once in twenty-
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four hours, and let us critically examine the consequences. A
particle of matter situated on the equator is 4000 miles from the
earth’s axis, and since it passes over the circumference of a circle
whose radius is 4000 miles, it will move with a velocity of about
1000 miles an hour. As we recede from the equator towards
the poles, either north or south, the particles revolve at the
extremities of radii constantly growing shorter and shorter, until
finally, at the exact pole, there is no motion whatever. But in
every revolving body, a centrifugal force is generated, a tendency
or disposition to fly from the axis of rotation in a plane perpen-
dicular to this axis.

Such is the power of this centrifugal force, that if it were
possible to make the earth rotate seventeen times in twenty-four
hours instead of once, bodies at the equator would be lifted up by
the centrifugal forcd, and the attraction of gravitation would be
counterpoised, if not absolutely overcome. The force of gravity
exerts its power in directions passing nearly through the centre
of the earth, while the centrifugal force is always exerted in a
direction perpendicular to the axis of rotation. The consequence
is manifest, that these two forces cannot counterpoise each other,
except in their action on particles sitnated on the equator of the
revolving body. et us consider the condition of a particle
situated anywhere between the equator and the pole, and free to
move under the joint action of these two forces.

In order that such a particle may be held in equilibrium, the
two forces must act on the same straight line, and in opposite
directions. This is not the case in question, for gravity draws
the particle to the centre of the earth, while the centrifugal
force urges it from the axis in a plane perpendicular to that axis.
The direction of these two forces is inclined under an angle
which is nothing at the equator, and increnses from the equator
to the poles. But the effect produced by the centrifugal force
may always be obtained by the joint action of two forces,—the
one directed to the centre of the earth, the other tangent to the
earth’s surface. Substituting these two forces for the centrifugal
force, we perceive that the partial force directed towards the
earth’s centre is destroyed by gravitation, while the tangential
force exerts its full power to move the particle towards the
equator of the earth.

This being understood, it is manifest, as particles are coming
constantly from both poles towards the equator, that a change
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of figure in the earth must be effected. It becomes protuberant
at the equator, and is flattened at the poles.

The question now arises, whether there be any limit to this
change of figure. In case the velocity of rotation continues
undiminished, is there not reason to fear that the earth will
grow more and more protuberant at the equator, heaping up the
matter higher and higher, till the figure of the earth be destroyed,
and its surface rendered uninhabitable ? Theory has answered
this important question ; and it has been fully demonstrated that
the figure of the earth cannot pass a limit; which it has even now
actually attained, and its present form will not change, from the
action of the centrifugal force, in millions of years. A condition
of equilibrium has been attained, and all further change is at an
end. Indeed, if we examine carefully the subject, we may
readily perceive, from the nature of the forc€s, and the conditions
of the problem, that such a result might have been anticipated.
As the earth grows more protuberant, changing from the
spherical form, the particles must be heaved up the side of this
elevated ridge which belts the earth around the equatorial
regions, and finally the resistance they meet from the elevation
they are obliged to overcome, is quite equal to the moving force,
and the two destroy each other. This point attained, equilibrium
ensues, and further change becomes impossible,

Such is the beautiful order of nature, such the admirable
arrangement for stability and perpetuity, everywhere manifested,
that the thought comstantly comes to the mind that divine
wisdom alone could have framed so admirable a system.

But the question may here arise, is this a mere theoretic
result Has observation confirmed the theoretic figure ? I
answer, that observations, the most numerous and diversified,
have all united their harmonious testimony to the truth of these
beautiful results. In executing exact measures of the degrees of
a meridian passing through the poles round the earth, the length
of the. degree is found to increase from the equator towards the
polag showing that the curvature is more flattened as we recede
from, the equator., But a more delicate proof is found in the
vib¥ations of the pendulum. A pendulum of a given length will
vibrate with a velocity precisely proportioned to the intensity of
the force of gravity which operates on it. But the intensity of
gravity decreases as the square of the distance from the centre
increases, so that it is manifest that the force of gravity is less at



THE ORBS OF HEAVEN, 101

lhe equator than at the poles, in case the surface at the equator
is farther from the centre than at the poles, which is the fact
asserted by theory.

This being understood, we are prepared to determine the exact
figure of the earth, by transporting a pendulum of given length
from the equator to different latitudes north and south. The
number®f vibrations in one hour being accurately counted at
the equator, as we recede north or south, will determine with
certainty whether we are approaching to, or going farther from,
the earth’s centre. These experiments have actually been per-
formed, and with the most satisfactory results. The number of
vibrations in an hour increases the farther we go north or south,
and in a ratio giving the strongest confirmation to the truth of
the earth’s figure derived from the theoretic investigations ;
each combining to sflow that the polar diameter of the earth is
but 7898 miles, while the equatorial diameter is 7924 miles,
producing a sort of ridge or belt around the equatorial regions,
rising about thirteen miles above the general spherical surface
described about, the polar axis as a diameter.

More than two thousand years have passed away since a
discovery was made, showing that the sun’s path among the
fixed stars was slowly changing. The point at which it crossed
the equatorial line, and which for ages hud been regarded as
fixed, was finally detected to have a slow retrograde motion,
producing the precession of the eyninozes. The fact was reccived ;
but no depth of penetration, no stretch of intellectual vigour,
could divine the cause of this incxplicable change. Another fact
was revealed about the same time. It was found by attentive
examination, that the north pole of the heavens, the point in
which the prolongation of the earth’s axis picrces the celestial
sphere, was actually changing, by slow degrees, its place among
the fixed stars. The bright star which, in former ages, had
marked the place of the pole, and whose circle of diurnal revolu-
tion was scarcely to be perceived, from its smallness, as centuries
slowly glided by, was increasing its distance from the pole,
gradually describing around it a circle of greater radius. .An
atteutive examination of the stars near the pole soon demon-
strated the fact, that it was an actual motion of the pole, and not
of the stars in its neighbourhood.

Now incredible as this statement may appear, modern science
has traced these phenomena, the revolution of the equinoctial
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point, and the movement of the north pole of the heavens, to a
common origin, and has demonstrated, in the clearest manmer,
that they are both conscquences of the sphercidal figure of the
carth, which we have just examined. It is mot my design to
enter into an elaborate investigation of this wonderful subject,
but, in accordance with the plan already announced, I cannot
leave you with a mere announcement of a truth so ling,
without some effort to explain how this may be. The subject is
difficult, but, favoured by your close attention, I do not despair of
rendering it approximately intelligible.

Let us conceive the earth’s axis to be a solid bar of iron driven
through the centre of the earth, coming out at the poles, and
extending indefinitely towards the sphere of the fixed stars.
Now turn this axis up until it stands perpendicular to the planc
of the orbit in which the earth revolves around the sun. Then
do the equator and the ecliptic exactly coincide, and if the fixed
stars are at a distance nearly infinite, the poiut in which the
earth’s axis prolonged pierces the heavens will appear stationary,
so far as the revolution of the earth in its orbit is coneerned.
Now if this iron axle could be grasped by some giant hand, and
drawn away from its apright or perpendicular position, the solid
earth would turn with it, and the equator, ceasing to coincide
with the ecliptic or plane of the earth's orbit, comes to be inclined
to it, under an angle precisely equal to the angle through which
the axis has been inclined. It is thus seen that no change can
be wrought on the position of the axis, that does not involve a
corresponding change in the whole earth, and especially in the
plane of the equator, which must ever remain perpendicular to
the axis in all its positions.

‘The reverse of this proposition is equally manifest. If the
wolid earth be seized at the equator, and be turned up or down,
the axis will participate in this movement, and its change will
exhibit itself in the changed position of the point in which it
meets the celestial sphere. One step more, and the difficulty is
surmounted. Conceive a flat wheel of wood floating on stiil
water. Through ite centre pass an axle which stands perpen-
dicnlar to the surface of the wheel and water. So long ad the
wheel floats level, the axle stands erect, but in case the north
half of the wheel is tilted down under the water, the south half
=t the same time rising out of the water, the axis will tilt towards
the nerth. Bring the wheel again to its level position. Now
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plunge the eastern portion of the wheel below the surface. The
axis now is tilted towards the east. The experiment is simple,
and shows that, in case the successive portions of the wheel be
submerged, the axis will always be tilted towards the point which
goes under first. To reverse the experiment: in case we take
bold of the axle and turn it east, it sinks the eastern half of the
wheel below the surface of the water, while the western half is
raised out of it ; and then in case we make the upper extremity
of the axis follow round the circumference of a circle whose
surface is parallel to that of the water, and whose centre is
exactly above the centre of the wheel, it will be seen that, as the
axle moves round, snocessive portions of the wheel are submerged,
until finally the water line will have divided the wheel fgato ail
its successive halves, and will have successively coincided with
every possible diamdter of the wheel.

Now for the application. The level surface of the water is the
level plane of the earth’s orbit, the wheel is the eartlh’s equator,
and the axle is the earth’s axis of rotation. Omne half of the
equator is constantly submerged below the plaue of the ecliptic,
the other half rises above it. But the water line, or the inter-
section of these two planes, the equinoctial line, eannot remain
fixed in the same lire. A power does seize the equator, and
plunge successive halves of it bheuneath the plane of the ecliptic,
changing perpetually the water line, until finally each half in
succession, into which all its diameters can be divided, are sunk
below the surface or plane of the ecliptie, thus causing the carth's
axis to tilt over towards the portions suocessively submerged,
until it firally sweeps entirely round, and comes to resume its
first position.

But do you now demand what power seizes the earth’s pro-
tuberant equator, and tills it sumccessively towards every point
of the compass 7 1 answer, that the power is lodged in the sun
and moon, and it is their combined action which works out these
wonderful results. In case the sun and moon were so situated
28 always to be in the plane of the earth’s eguator, them they
would have mo power to change the position of the equator. But
we know that they are not in this plane, except when passing
through it, and are found sometimes on the north and sometimes
on the south side of it. Wherever either of them may be, the
nearcst half of the redundant matter about the earth’s equator
will be more forcibly attracted than the remote half, and the
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equator will be tilted towards the attracting body, and the axis
of the earth will follow the movement of the eguator to which it
is firmly fixed.

Thus does the earth’s whole solid mass sway to the motion of
the ring of matter heaped up around the equator, delicately and
beautifully sensitive to all the changes in the relative places of
the sun and moon. Neither the earth nor its axis are ever, for
one moment, released from the action of these rcmote bodies.
However slight the effects, however varied in action, oscillating
to every point within certain prescribed limits, the stability is
preserved, and the final effect is a small retrograde motion of the
equinox at the end of every year, and a slight change in the place
of the pole of the heavens.

But there is no isolated matter in the universe. Every
particle of matter attracts every other parti:le of matter, and it
is impossible for the sun and moon to exert any influence on the
equatorial ring of matter which belongs to our globe, without
feeling, in their turn, the reaction of this ring on themselves.
The remote and ponderous sun may, in consequence of its vast
gize and distance, escape from any effect capable of being detected
by observation. But this is not the case with the moon. Her
proximity to the earth, and diminutive mass, render her pecu-
liarly sensitive to the influence of the redundant matter at the
earth’s equator, and as her attraction tilts the plane of the earth’s
equator, so does the equatorial ring tilt the plane of the moon’s
orbit. These effects have been accurately observed and mea-
sured, and, strange to relate, their exact values have exhibited
the figure which belongs to the earth with far greater precision
than can be obtained from measures on its surface. We may
even go farther, for such is the intimate relationship between the
earth and its attendant satellite, that there is scarcely a question
can be asked with reference to the one, that is not answered by
the other,

If we demand the weight of the earth when compared with
the sun, the moon answers. If the excess of the equatorial dia-
meter of the earth over the polar be required, the moon answers.
If the homogeneity of the interior of the solid earth be reqliired,
the moon replies. If the thickness of the earth’s crust be sought
for, question the moon, and the answer comes. If you would
know the sun’s distance. from the earth, ask the moon. If the
permanency of the axis of rotation be required, ask the moon.
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and she alone yields a satisfactory reply. Finally, if curiosity
leads us to inquire whether the length of the day and night, the
revolution of the earth on its axis, be uniform, or whether it may
not have changed by a single second in a thousand years, we go
to the moon for an answer, and in each and every instance her
replies to all these profound and mysterious questions are clear
and satisfactory. How wonderful the structure of the universe !
How gigantic the power of the human intellect ! If all the stars
of heaven were struck from existenee ; if every planet and satel-
lite which the eye and the telescope descry, inside and beyond
the earth’s orbit, were swept away for ever, and the sun, carth,
and moon, alone remained for the study of man, and as evidences
of the heing and wisdom of God, in the exquisite adjustments or
this system, in the rcciprocal influences of its three bodies, in
their vast cycles of onfiguration, in their relative masses, magni-
tudes, distances, motions, and perturbations, there would remain
themes sufficient for the exercise of the most exalted genius, and
proof of the being of God, so clear and positive, that no sune
mind could comprehend it and disbelieve.

Greenwich Observatory.



LECTURE VI.

THE STABILITY OF THE PLANETARY SYSTEM.

HEN, by the application ot a sing:e
great law, the smind had succeeded
in resolving the difficult problems
presented by the motions of the
\| earth and its satellite, the moon, it
)| rose to the examination of the higher
.| and more complicated questions of

the stability of the entire system of
planets, satellites, and comets, which
are found to pursue their courses
round the sun. The number o:
bodies involved in this investiga-
tion, their magnitudes and vast
B periods of revolution, their great
distances from the observer, and
the exceeding delieacy of the re-
quired obeervations, combined with the high imberest which
attaches itself to the final result, have united to render this
investigation the most wonderful which has ever employed the
energies of the human mind.

To comprehend the diguity aod importsnce of this great
wnibject, Bet wa wapidly survey the system, and, moving owtward
1o its known bomadaries, mark the number and variety of worlds
involved in the investigation. Begimming, then, at the great
centre, the grand controlling orb, the sun, we find its magnitude
such as greatly to exceed the combined masses of all its attendant
planets. Indeed, if these could all be arranged in a straight line
on the same side of the sun, so that their joint effect might be
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exerted on that body, the centre of gravity of the entire system
thus lucated, would scarcely fall beyond the limnits of the sun’s
surface. At a mean distance of 36,000,000 of miles from the sun
we meet the nearest planet, Mercury, revolving in an orbit of
considerable eccentricity, and completing its circuit around the
sun in a period of about eighfy-eight of our days. This world
has a dinmeter of only 3,140 miles, and is the smallest of the
old planets. Pursuing our journey, at a distance of 68,000,000
of miles from the sun, we cross the orbit of the planet Venus.
Her magnitude is nearly equal to that of the earth. Her dia-
meter is 7,700 miles, and the length of her ycar is nearly 225 of
our days. The next planet we meet is the earth, whose mean
distance from the sun is 95,000,000 of miles. The peculiarities
which mark its movements, and those of ity satellite, have been
already discussed.® Leaving the earth, and continuing our
journey outward, we cross the orbit of Mars, at a mean distance
from the sun of 142,000,000 of wiles. This planet is 4,100 miles
in diameter, and performs its revolution around the sun in about
687 days, in an orbit but little inclined to the plane of the ecliptie.
Its features, as we shall see hereafier, are more nearly like those
of the earth than any other planet. Deyond the orbit of Mars,
and at n mean distance from the sun of about 250,000,000 of
miles, woe encounter a group of small planets, eight in nunber,
presenting an anomaly in the system, and entirely different from
auything clsewhere to be found. These little planets are called
astervids. Their orbits are in general more eccentric, and more
inclined to the ecliptic, than those of the other planets ; but the
most remarkable fact is this, that their orbits are so nearly equal
in size, that when projected on a common plane they are not
incloscd, the one within the other, but actually cross each other.
We shall return to an examination of these wonderful objects
hereafter. At a mean distance of 485,000,000 of miles from the
sun, we cross the orbit of Jupiicr, the largest and most magni-
ficent of all the planets. His diameter is mearly 90,000 miles.
He is attended by four moons, and performs his revolution round
the sun in a period of nearly twelve years. Leaving this vast
world, and continuing our journcy to a distance of 830,000,000
of miles from the sun, we cross the orbit of Saturn, the most
wonderful of all the planets. His diameter is 76,068 miles, and
he sweeps round the sun in a period of nearly twenty-nine and
a half ycars. He is surrounded by several broad concentric
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rings, and is accompanied by no fewer than seven satellites or
moons. The interplanetary spaces we perceive are rapidly
increasing. The orbit of Uranus is crossed at a4 mean distance
from the sun of 1,800,000,000 of miles. His diameter is 35,000
miles, and his period of revolution amounts to rather more than
eighty-four of our years. He is attended by six moons, and
pursues his journey at a slower rate than any of the interior
planets. Leaving this planet, we reach the known boundary of
the planetary system, at a distance of about 3,000,000,000 of
miles from the sun. Here revolves the last discovered planet,
Neptune, attended hy one, probably by two moons, and com-
pleting his vast circuit about the sun in a period of one hundred
and sixty-four of our years. His diameter is eight times greater
than the earth’s, and he contains an amount of matter sufficient
to form one hundred and twenty-five worlds 8uch as ours.

Here we reach the known limit of the planetary worlds, and
standing at this remote point and looking back towards the sun,
the keenest vision of man could not descry more than one solitary
planet along the line we have traversed. The distance is so great,
that cven Saturn and Jupiter arc utterly invisible, and the sun
himself has shrunk to be scarcely greater than a fixed star.

There are certain great characteristics which distinguish this
entire scheme of worlds. They are all nearly globular, they all
revolve on axes, their orbits are all nearly circular, they all
revolve in the same direction around the sun, the planes of their
orbits are but slightly inclined to each other, and their mouns
follow the same general laws. With a knowledge of these general
facts, it is proposed to trace the reciprocal influences of all theses
revolving worlds, and to learn if it be possible, whether this vast
scheme has been so constiucted as to endure while time shall
last, or whether the elements of its final dissolution are not con-
tained within itself, cither causing the planets, one by one, to
drop into the sun, or to recede from this great centre, released
from its influence, to pursue their lawless orbits through unknown
regions of space.

Before prd¢eeding to the investigation of the great problem of
the stabilityof the universe, let us examine how far the law of
gravitation extends its influence over the bodies which are united
in the solar system. A broad and distinct line must be drawn
between those phenomena for which gravitation must render a
satisfactory account, and those other phenomena for which it is
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in no wise responsible. In the solar system we find, for exampls,
that all the planets revolve in the same direction around the sun,
in orbits slightly elliptical, and in planes but little inclined to
each other. Neither of these three peculiarities is in any way
traceable to the law of gravitation.

Start a planet in its career, and, no matter what be the eccen-
tricity of its orbit, the direction of its movement, or the inclination
of the plane in which it pursues its journey, once projected, it
falls under the empire of gravitation. and ever after, this law is
accountable for all its movements.

‘We are not, therefore, to regard the remarkable constitution
of the solar system as a result of any of the known laws of
nature.

If the sun were created, and the planctary worlds formed and
placed at the disposal of a being possessed of less than infinite
wisdom, and he were required so to locate them in space, and to
project them in orbits, such that their revolutions should be
eternal, even with the assistance of the known laws of motion
and gravitation, this finite being would fail to construct his
required system.

Let it Le remembered, that each and every one of these bodies
exerts an influence upon all the others. There is no isolated
object in the system. Planet sways planet, and satellite bends
the orbit of satellite, until the priwmitive curves described, lose
the simplicity of their character, and perturbations arise, which
may end in absolute destruction. There is no chance work in
the construction of our mighty system. Every planet has been
weighed and poised, and placed precisely where it should be. If
it were possible to drag Jupiter frow its orbit, and cause him to
change places with the planet Venus, this interchange of orbits
would be fatal to the stability of the entire system. In contem-
plating the delicacy and complexity of the adjustment of the
planetary worlds, the mind cannot fail to recognise the fact that,
in all this intricate balancing, there is a higher object to be
gained than the mere perpetuity of the system.

If stability had been the sole object, it might have been gained
by a far simpler arrangement. If God had so constituted mattez
that the sun might have attracted the planets, while these should
exert no influence over each other ; that the planets might have
attracted their satellites, while these were free from their recip-
rocal influences ; then, indeed, a system would have been formed,
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whose movements would have been eternal, and whose stahility
would have been independent of the relative positions of the
worlds, and the character of their orbits. Give to them but
space enough in which to perform their revolutions around the sun,
80 that no collisions might occur ;—freed from this only danger,
every planet, and every satellite, would pursue the same unde-
viating track throughout the ceaseless ages of eternity.

If this statement be true, it may be demanded why such a
system was not adopted. It is impossible for us to assign the
reasons which led to the adoption of the present complicated
system. Of one thing, however, we are certain : If God designed
that in the heavens his glory and his wisdom should be declared,
and that in the study of his mighty works, his intelligent
ereatures should rise higher and higher towards his eternal
throne, then, indeed, has the present system been admirably
constituted for the accomplishment of this grand design. To
have acquired a knowledge of a system constituted of indepen-
dent planets, free from all mutual perturbations, would have
required searcely no effort to the mind, when compared with
that put forth in the investigation of the present complex con-
struction of the planetary system. The mind would have lost
the opportunity of achieving its greatest triumphs, while the
evidence of infinite wisdom displayed in the arrangement and
counterpoising of the present system would have been lost for
ever. There is one other thought which here suggests itself with
80 much force that I cannot turn away from it. We speak of
gravitation as some inherent quality or property of matter, as
though matter could not exist in case it were deprived of this
quality. This is, however, a false idea. Matter might have
existed independent of amy quality which should cause distant
globes to influence each other. This force called gravitation,
even admitting that it must have an existence, no special law of
its action could have forced itself on matter to the exclusion of
all other laws. Why does this force diminish as the sguare of
the distance at which it operates incresses# There are almost
an infinite number of laws, according to which an attraction
might have exerted itself, but there is no one which would have
rendered the planets fit abodes for sentient beings, such as now
dwell on them, and which would at the same time have guaran-
teed the perpetuity of the system. Admitting, then, that matter
cannot be matter, without exerting some influence on all other
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matter, (which I am unwilling to admit,) in the selection of the
law of the inverse square of the distance, there is the strongest
avidence of design.

If we rise above the law of gravitation to the Great Author of
nature, and regard the laws of motion and of gravitation as
nothing more than the uniform expressions of his will, we per-
ceive at onee the impossibility of constructing the universe in
such a manner that the sun should attract the planets, without
these attracting each other ; or that the planets should attract
their satellites without, in turn, being reciprocally influenced by
their satellites ; for this would be equivalent to saying that the
will of the same Almighty Being should exert itself, and not
exert itself, at the same moment, which is impossible. As there
is but one God, so there is but one kind of matter, governed by
one law, applied by infinite wisdom to the formation of suns and
systems without number, crowding the illimitable regions of
space, all moving harmoniously, fulfilling their high destiny, and
all sustained by the single arm of divine Omnipotence.

‘We now proceed to an examination of the great question: Is
the system of worlds by which we are surrounded, and of which
our earth and its moon form a part, so constructed that, under
the operation of the known laws of nature, it shall for ever
endure, without ever passing certain narrow limits of change,
which do not in any way involve its stability 7

It is well known that the planets revolve in elliptical orbits of
small eccentricity ; that under the action of the primitive impulse
by which they were projected in their orbits, they would have
moved off in a straight line with a velocity proportioned to the
intensity of the impulse, and which would have endured for ever;
but being seized by the central attraction of the sum, at the
mnoment of starting in their career, the joint action of these two
forces bends the planet from its straight direction, and causes it
to commence a curvilinear path, which carries it round the sun.

The question which first presents itself is this : If the central
force lodged in the sun has the power to cause a planet to diverge
from the straight line in which, but for this, it would have moved,
if it draw it into a curved path, will not this central force, which
is ever active, finally overcome, enmtirely, the impulsive force
originally given to the planet, draw it closer and closer to the
sun in each successive revolution, in a spiral orbit, until, finally,
the planet shall fall into the sun and be destroyed for ever ?
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This question arises independent of the extraneous influence
which the planets exert over each other. It refers to a solitary
globe revolving around the sun, under the influence of a central
force which varies its action as does the law of gravitation. The
problem has been submitted to the most rigorous mathematical
examination, and a result has been obtained which settles the
question in the most absolute manner. The amount by which
the central force, in a moment of time, overcomes the effect
produced by the primitive impulse, is a quantity infinitely small,
and of the second order. If it were found to be infinitely small in
each moment of time, then might it accumulate, so that, at the
end of a vast period, it might become finite and appreciable.
But because it is of the second order of infinitely small quantities,
before it can become an infinitely small quantity of the first order,
a period equal to infinite ages wust roll by, and to make a finite
appreciable quantity out of this, an infinite cycle of years must
roll round an infinite number of times !

Such is the answer given by amalysis to this wonderful
question. “Js there no change?” demands the astronomer.
“VYes,” answers the all-seeing analysis. “ When will it become
appreciable?” asks the astronomer. “ At the end of a period
infinitely long, repeated an infinite number of times,” is the reply.

Having settled this important question, it remains now to
examine whether the mutual attractions of the planets on each
other may not, in the end, change permanently the form of their
orbits, and lead, ultimately, to the destruction of the system. To
comprehend more readily the nature of the examination, let us
view the points involved in the permanency of our orbit.

Take, for example, our own planet, the earth. It now revolves
in an elliptic orbit, whose magnitude is determined by the length
of its longer axis, and by its eccentricity. These elements are
readily deduced from observation. If it were possible to con-
struct this orbit of some material, like wire, which would permit
us to take it up and locate it in space at will, to enable us to give
it the position now occupied by the actual orbit of the earth, we
must first carry its focus to the sun’s centre ; we must then turn
#s longer axis around this centre as a fixed point, until the
nearest vertex of the wire orbit shall fall upon that point of the
earth’s orbit which is at this time nearest to the sun. Having
accomplished this, the axes will coincide in their entire length,
and to make the orbits coincident, we must revolve the artificial
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one around the now common axis, until its plane shall fall upon
the actual orbit of the earth.

If, now, change should ever come, in the absolute coincidence
of these two orbits, regarding the iron one as fixed and perma-
nent, the orbit of nature may vary from it in any one or all of
the following ways : First. The natural orbit, all other things
remaining the same, may leave the fixed orbit by a variation of
eccentricity ; that is, it may become more or less circular.
Second. The planes of the orbits remaining coincident, the curves
may separate from each other, in consequence of an angular
movement of the longer axis of the natural orbit, by means of
which the vertex of the natural curve shall be carried to the
right or to the left of the vertex of the fixed one. Third. While
these causes are operating to produce change, an increase of
deviation may be occasioned by the fact that the two planes may
become inclined to each other, thus causing the natural orhit to
lie partly above and partly below the fixed one. These, then, are
the several ways in which the orbits of the planets may change ;
and to settle the question of stability, we must ascertain whether
these changes actually exist, and whether any of them, in case
they do exist, and are progressing coustantly in the same direc-
tion, will ever prove fatal to the permanency of the system, finally
accomplishing its absolute destruction, or rendering it unfit for
the sustenance of that life, which now exists upon the planet.

By a close examination of this great subject, both theoretically
and practically, it is found that the system is sd constituted, that
not a single planet or satellite revolves in an orbit absolutely
invariable. Theory demonstrates that such changes must exist,
and observation confirms this great truth, by showing that they
actually do exist.

Draw, in imagination, a straight line from the sun's centre,
through the perihelion, or nearest point to the sun of the earth’s
-orbit, and let it be extended to the outermost limits of the entire
system. On this locate the perihelion points of the orbits of all
the planets, and in these points fix the planets themselves. They
are now all on the same side of the sun, the longer axes of their
orbits are in the same direction, and they are all located at their
nearest distance from the sun, or in perihelion. The planes of
the orbits are inclined to each other under their proper angles,
and they all intersect in a common line of nodes passing through
the sun’s centre. Now give the entire group of planets their

1
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primitive impulse, and at the same instant they start in the:r
respective orbits round the sun. Now, in case no perturbations
existed, the perihelion points, the inclinations, and the lines of
nodes, would remain fixed for ever, and although millions of years
might pass away before the planets would again resume their
primitive position with reference to each other, yet the time
would come when a final restoration would be effected.

At the end of 164 years, Neptune will have completed its reve-
lution round the sun, and will return to ite starting point. All
the other planets will have performed several revolutions, but
ench, on reaching the point of departure, will find the perihelion
of its orbit changed in position, the inclination altered, and the
line of nodes shifted. These changes continue until the longer
axes of the orbits, which once coincided, radiate from the sun in
gll directions. The lines of nodes, once common, now diverge
under all angles, the imnclinations increasing or decreasing, and
even the figures of the orbils undergoing constant mutation ;
and the grand question arises, whether these changes, no matter
how slow, are ever to continue progressing in the same direction,
until all the original features of the system shall be effaced, and the
possibility of return to the primitive condition destroyed for ever?

Such a problem would seem to be far too deep and complicated
ever to be grasped by the human intellect. It is true that no
single mind was able to accomplish its complete solution, but the
advance made by one has been steadily increased by another,
wuntil, inally, not a question remdains unanswered. The solution
is complete, yielding results of the most wonderful character.

‘We shall examine this great problem in detail, and commence
with the figare of the orbit of any planet, our earth, for example.

The amount of heat received from the sun by the earth depends,
other things being the same, on the minor axis of its ecliptic
erbit. Any change in the eccentricity operates directly to
increase or decrease the shorter axis, and consequently to
increase or decrease the mean annual amount of heat received
from the sun. Now we know that animal and vegetable life is
adjusted in such a way that it 2equires almost exact uniformity
in the mean annual amount of heat which it shall enjoy. An
increase or decrease of two or three degrees in temperature
would make an entire revolution in the animals and plants -be-
longing to the region experiencing such achange. If, then, it be
true that the eccentricity of the earth’s orbit is actually changing,
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under the combined action of the other planets, may this change
continue so far as to subvert the order of nature on its surface ?
This question has been answered in the most satisfactory manner.

It is found that the greater axes of the planetary orbits are
subjected to slight and temporary variations, returning, in com-
paratively short periods, to their primitive values. This important
fact gnarantees the permanency of the periodic times, so that it
becomes possible to deduce, with the utmost precision, the
periodic times of the planets, from the mean of a large number
of revolutions. That of the earth is now so accurately knowa,
and so absolutely invariable, that we know what it will be a
million of years hence, should the system remain as i{gow is, as
perfectly as at the present moment. But neither of these ele-
ments secures the stability of the eccentricity, or of the minor
axis. Lagrange, however, demonstrated a relation between the
masses of the planets, their major axes and eccentricities, such
that while the masses remain constant, and the axes invariable,
the eccentricity can only vary its value through extremely
narrow limits. These limits have been assigned, beyond which
the change can never pass, and within these narrow bounds we
find the orbits of all the planets slowly vibrating backward and
forward, in periods which actually stun the imagination.

This remarkable law for the preservation of the system would
not hold in any other organisation. It demands orbits nearly cir-
cular, with planes nearly coincident, with periodic times, related
a8 are those of the planets, and the planets themselves located as
they actually are. No interchange of orbits is admissible ; but,
constituted as the system now is, the perpetuity is absolutely
certain, so far,as the change of eccentricity is concerned.

Let us now examine the changes which affect the position of
the major axis in its own plane. The peribelion of every orbi¢
is found to be slowly advancing. Nor is this advance ever to be
thanged into a retrograde motion. The movement is ever pro-
gressive in the same direction, and the perihelion points of all
the orbits are slowly sweeping round the sun. That of the
earth’s orbit accomplishes its revolution in one Zundred and oleven
thousand years! How wonderful the fact, that such discoveriea
should be made by man, whose entire life is but a minute fraction
of these vast periods of time !

Owing to a retrograde motion in the vernal equinox, carrying
it around in the opposite direction in 25,868 years, the perihelion
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and equinox pass each other once in 20,984 years. Knowing
their relative positions at this moment, and their rates of motion,
it is easy to comapute the time of their coincidence. Their last
coincidence took place 4,089 years before the Christian era, or
about the epoch usually assigned for the creation of man. The
effect of the coincidence of the perihelion with the vernal
equinox, is to cause an exact equality in the length of spring
and summer, compared with autumn and winter. In other
language, the sun will occupy exactly half a year in passing from
the vernal to the autumnal equinox, and the other half in
moving from the autumnal to the vernal equinox,

At pregent, the line of equinoxes divides the earth’s elliptic
orbit into two unequal portions. The smaller part is passed over
in the fall and winter, cansing the earth to be nearer the sun in
this season than in summer, and making a difference in the
length of the two principal seasons, summer and winter, of some
seventeen and a half days. This inequality, which is now in
favour of summer, will eventually be destroyed, and the time will
come when the earth will be farthest from the sun during the
winter, and nearest in the summer. But at the end of a great
cycle of more than 20,000 years, all the changes will have been
gone through, and, in this respect, a complete compensation and
restoration will have been effected.

This epoch of subordinate restoration will find the perihelion
of the earth’s orbit located in space far distant from the point
primitively occupied. Five of these grand revolutions of 20,984
years must roll round before the slow movement of the perihelion
shall bring it back to its starting point. 110,000 years will then
restore the axis of the earth’s orbit, and the eguinoctial line,
nearly to their relative positions to each other, and to the same
region of absolute space occupied at the beginning of this grand
eycle.

If now, we dirett our attention to the other planets, we find
their perihelion points all slowly advancing in the same direction.
That of the orbit of Jupiter performs its revolution round the
sun in 186,207 years, while the perihelion of Mercury’s orbit
occupies more than 200,000 years in completing its circuit round
the sun. To effect a complete restoration of the planetary orbits
to their original position, with reference to their perihelion
points, will require a grand compound cycle, amounting to mil-
lions of years, Yet the time will come when all the orbits will



THE ORBS OF HEAVEN. 117

come again to their primitive positions, to start once more on
their ceaseless journeys.

In the changes of the eccentricities, it will be remembered, that
the stability of the system was involved. Should these changes be
ever progressive, no matter how slowly, a time would finally
come when the original figure of the orbit . would be destroyed,
the planet either falling into the sum, or sweeping away into
unknown regions of space. But a limit is assigned, beyond
which the change can never pass. Some of the planetary orbits
are becoming more circular, others growing more elliptical ; but
all have their limits fixed. The earth’s orbit, for example, should
the present rate of decrease of eccentricity continue, in about
half a million of years will become an exaet circle. There the
progressive motion of the changes stops, and it slowly commences
to recover its ellipticity. This is not the case with the motions
of the perihelia. Their positions are in no way involved in the
well-being of a planet, or in its capacity to sustain the life which
exists on its surface ; and since the stability of the system is not
endangered by progressive change, it ever continues in the same
direction, until the final restoration is effected, by an eniwre
revolution about the sun.

Let us now examine the inclinations of the planetary orbits.
Here it is found that there is no guarantec for the stability of the
system, provided the angles under which the orbits of the planets
are inclined to each other do not remain nearly the same for
ever. If changes are found to exist, by which the inclinations
are made to increase, without stopping and returning to their
primitive condition, then is the perpetuity of the system rendered
impossible, Its fair proportions must slowly wear away, the
harmony which now prevails be destroyed, and chaos' must
come again.

Commencing again with the earth, we find that, from the
earliest ages, the inclination of the earth’s equator to the ecliptic
has been decreasing. Since the measure of Eratosthenes, 2078
years ago, the decrease has amounted to about 23'44”, or about
half a second every year. Should the decrease continue, in about
85,000 years the equator and the ecliptic would coincide, and the
order of nature would be entirely changed ; perpetual spring
would reign throughout the year, and the seasons would be lost "
for ever. Of this, however, there is no danger. The diminution
will reach its limits in a comparatively short time, when the
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decrease of inclination will change into an ineresise, and thus
slowly rocking backwards and forwards in thousands of years,
the seasons shall ever preserve their appointed places, and seed
time and harvest shall never fail. These changes of inclination
are principaily due to the perturbations of Venus, and arising
from configurations, will be ultimately entirely compensated.

The angles under which the planetary orbits are inclined to
each other are in a constant state of mutation. The orbit of
Jupiter at this time forms an angle with the ecliptic of 4731
seconds, and this angle is decreasing at such a rate that, in about
20,000 years, the planes would actually coineide. This would
not affect the well-being of the planets or the stability of the
system, but should the same change now continue, the angle
between the orbits might finally come to fix them even at right
angles to each other, and a subversion of the present system
would result. :

A profound investigation of the problem of the planetary
inclinations, accomplished by Lagrange, resulted in the demon-
stration of a relation between the masses of the planets, the
principal axes of their orbits, and the inclinatiors, such that,
although the angles of inclination may vary, the limits are
narrow, and they are all found slowly to oseillate about their
mean positions, never passing the prescribed limits, and securing,
in this particular, the perpetuity of the system.

Here, again, we are presented with the remarkable fact, that
whenrever mutation involves stability, this mutation is of a com-

pensatory character, always returning upom itself, and, in the
Jong run, correcting its own effects. If all this mighty system
was organised by chance, how happens it that the angular
motions of the perihelia of the planetary orbits are ever pro-
gressive, while the angular motions of the planes of the orbits
are vibrating? Design, positive and conspicnous, is written all
over the system, in characters from which there is ne escape.
‘We now proceed to an examination of the lmes m which the
‘plimes of the planetary orbits et each other, or the lines in
:ﬁ they fnfersect a fixed plane. These are called the Zines of
They all pass through the sun’s centre, and, in case they
ever were coincident, they now radiate from a common point in
all directions.
Here is an element in mo degree involving im its value the
stability of the system, and from analogy we already begin to
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anticipate that its changes, whatever they may be, will probably
progress always in the same direction. This is actually the case.
The nodes of the planetary orlits are all slowly retrograding on
a fixed plane, and in vast periods, amounting to thousands of
years, accomplish revolutions, which, in the end, return them to
their primitive positions.

Thus are we led to the following results. Of the two elements
which fix the magnitude of the planetary orbits, the principal
axes, and the eccentricity, the axes remain invariable, while the
eccentricity ascillates between narrow and fixed limits. In the
long run, therefore, the magnitudes of the orbits are preserved.

Of the three elements which give position to the planetary
orbits, namely, the place of the peribelion, the lines of nodes, and
the inclinations, the two first ever vary in the same direction,
and accomplish their restoration at the end of vast periods of
revolution, while the inclinations vibrate between narrow and
prescribed limits.

One more point, and we close this wonderful investigation.
The last question which presents itself is this: May not the
periodic times of the planets be so adjusted to each as that the
results of certain configurations may be ever repeated without
any compensation, and thus, by perpetual accumulation, finally
effect a destruction of the system ?

If the periodic times of two neighbouring planets were exact
multiples of the same guwantity, or if the one was double the
other, or in any exact ratio, then the eontingency would arise
above alluded to, and there would be perturbations which would
remain uncompensated. A near approach to this condition of
things actually exists in the system, and gave great trouble to
geometers. It was found, on comparing observations, that the
mean periods of Jupiter and Saturn were not constant ; that one
was on the decrease, while the other was on the increase, This
discovery seemed to disprove the great demonstration which had
fixed as invariable the major axes of the planetary orbits, and
guaranteed the stability ef the mesn motions. It was not until
after Laplace had instituted a long and laborious research, that
the phenomenon was traced to its true origin, and was found to
arise from the near commensurability of the periodic times of
Jupiter and Saturn, five of Jupiter’s periods being nearly equal
to two of Saturn’s. In esse the equality were exact, it is plain
that if the two planets set out from the same straight line drawn
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from the sun, at the end of a cycle of five of Jupiter’s periods, or
two of Saturn’s, they would be again found in the same relative
positions, and whatever effect the one planet had exerted over
the other would again be repeated under the same precise cir-
cumstances. Hence would arise derangements which would pro-
gress in the same direction, and eventually lead to permanent
derangement of the system.

But it happens that five of Jupiter’s periods are not exactly
equal to two of Saturn’s, and in this want of equality safety is
found. The difference is such, that the point of conjunction of
the planets does not fall at the same points of their orbits, but at
the end of each cycle is in advance by a few degrees. Thus the
conjunction slowly works round the orbits of the planets, and, in
the end, the effect produced on one side of the orbit is compensated
for on the other, and a mean period of revolution comes out for
both planets, which is invariable. In the case of Jupiter and
Saturn, the entire compensation is not effected until after a
period of nearly a thousand years.

A similar inequality is found to exist between the earth and
‘Venus, with a period much shorter, and producing results much
less easily observed. In no instance do we find the periods of
any two planets in an exact ratio. They are all incommensurable
wth each other, and in this peculiar arrangement we find the
stability of the entire system is secured.

So far, then, as the organisation of the great planetary system
is concerned, we do not find within itself the elements of its own
destruction. Mutation and change are every where found ; all
is in motion; orbits expanding or contracting, their planes
rocking up or down, their perihelia and nodes sweeping in oppo-
site directions round the sun, but the limits of all these changes
are fixed ; these limits can never be passed, and at the end of a
vast period, amounting to many millions of years, the entire
range Of fluctuation will bave been accomplished, the entire
system, planets, orbits, inclinations, eccentricities, perihelia, and
nodes, will have regained their original values and places, and the
great bell of eternity will have then sounded oxz.

Having reached the grand conclusion of the stability of the
gystem of planets, in their reciprocal influences, and that no
element of destruction is found in the organisation, we propose
next to.inquire whether the same features are stamped on the
subordinate growps composing the planetary system. As our



THE ORBS OF HEAVEN. 121

limits will not permit us to enter into a full examination of all
the subordinate groups, we shall confine our remarks to our own
earth and its satellite, Jupiter and his satellites, and to Saturn,
his rings, and moons. We shall, in this examination, find it
practicable to answer, to some extent, the inquiry as to whether
either of these systems has received any shock from external
causes. We know nothing as to the future, and can, in this par-
ticular, only form our conjecturcs, as to what is to be, from what
has been.

We commence our inquiry by an examination of two questions,
namely, Is the velocity of rotation of the earth on its axis
absolutely invariable ? Has the relation between the earth and
moon cver been disturbed by any external cause? There is
nothing so important to the well-being of our planet and its
inhabitants, as absolute invariability in the period of its axical
rotation. The sidercal day is the great unit of measure for time,
and is of the highest consequence in all astronomical investiga-
tions. If causes are operating, either to increase or decrease the
velocity of rotation, a time will come when the earth will cease
to rotate, or else acquire so great a velocity as to destroy its
figure, and, in the end, scatter its particles in space.

It is difficult to ascertain
from theory a perfectly satis-
factory answer to the question
of the invariable velocity of
rotation of the earth, but La-
place has demonstrated that -
the length of the day has not
varied by the hundredth of
one second during the last
two thousand yea.g; that is,
the length of the day is nei-
ther greater nor less than it |
was two thousand years ago
by the hundredth of a second.
The reasoning leading to this
remarkable result is simple,
and may be readily compre-
hended byall. Two thousand
years ago, the duration of the moon’s period of revolution
around the earth was accurately determined, and was exoressed

Laplace.



122 THE ORBS OF HEAVEN.

in days and parts of a day. The measure of the same period
has been accomplished in our own time, and is expressed in
days and parts of a day. Now all the canses operating to
change the meoa’s period of revolution are known, and may be
applied. When this is done, it is found that the moon’s period
now and {wo thousand years ago agree precisely, being accom-
plished in the same number of days and parts of a day ; which
would be impossible, if the unit of measure, the day, had varied
ever so slightly.

The extraordinary relation existing between the moon’s period
and her orbit, and the time occupied in her axieal rotation, gives
us the opportunity of ascertaining whether our system has
received any externalshock. These two periodsare 8o accurately
adjusted, that in all respects an exact equality exists. The moon
ever turns the same hemisphere to the earth, and ever will, unless
soms external cause should arise to disturb the perfect harmony
which now reigns. It is not my purpose to explain why it is
that this phenomenon exista. I merely desire to atate, that this
delicate balancing of periods furnishes an admirable evidence
that, for several thousands of years at least, no shock has been
received by the earth and its satellite. Steadily have they
moved in their orbits, subject only to the influence of causes
originating in the comstitution of the mighty system. of which
they constitute a part.

Moving out to a ‘mere complex system, we find in the remark-
able arrangement of the satellites of Jupiter a delicate test for
the action of sudden and extraneous causes, Here we find the
periodic times of the satellites a0 related, that a thousand periods
of the first, sdded to two thousand periods of the third, will he
precisely equal to three themesand periods of the second., This
delieate balameing of perioda would be destroyed by.the action
of amy extermal shock, sach ss might be ienced from the
collision of a comet sweoeping fhrough the system. Thus far, we
know that no distuxbemee haw entered, and a knowledge of facts
will now pass dowm to posterity, which will give the means of
ascertaining exactly the influence of all disturbing causes.which
do not form a part of the great system.

The last subordinate group, and the most extracrdinary one to
which I will at this time direct your attention, is that of Satarn
and his rings, Here we find a delicacy of adjustment and
equilibrinm far exceeding anything yet exhibited in our exami-
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nations, This great planet is surrounded certainly by two,
probably by three, immense rings, which are formed of solid
matter, in all respects like that constituting the eentral body.
These wonderful appendages are nowhere else to be found,
throughout the entire solar system, at least with certainty.
Their existence has elscwhere been suspected, but around Saturn
they are seen with a perfection and distinctness which defies all
scepticism as to their actual existence. The diameter of the
outer ring is no less than 176,000 miles. Its breadth is 21,000
miles, while its thickness does not exceed 100 miles, The inner
ring is separated from the outer one by a space of about 1,800
miles, its breadth 34,000 miles, its inner edge being about 20,000
miles from the surface of the planet. Its thickness is the same
as that of the outer ring. These extraordinary objects are
rotating in the same direction as the planet, and with a velocity
so great, that objeets on the exterior edge of the outer ring are
carried through space with the amazing velocity of nearly 50,000
miles an hour, or nearly fifty times more swiftly than the objects
on the earth’s equator.

‘What power of adjmstment can seeure the stability of these
stupendouns rings? No solid bond fastens them to the planet;
isolated in space, they hold their places, and, revolving with
incredible velocity around am imaginary axis, they accompany
their planet in its mighty orbit round the sun. Such is the
exceeding delicacy with which this system is adjusted, that the
slightest external cause once deranging the equilibrium, no
readjustment would be effected. The rings would be thrown on
the body of the planet, and the system would be destroyed.

To understand the extraordinary character of this system, we
muast explain a little more fully the three different kinds of
equilibrium. The first is called an equilibrium of instability,
and is exemplified in the effort to balance a rod on the tip of the
finger. The slightest deviation from the exact vertical, increases
itself constantly, until the equilibrium is destroyed. In case the
same rod be balanced on its centre on the finger, it presents an
example of an equilibrium of indifference; that is, if it be
swayed slightly to the one side or the other, there is no tendency
to restore itself, or to increase its deviation. It remains in-
differemt to any change, Take the same rod, and suspend it
like a pendulum. Now cause it to deviate from the vertical to
the right or left, and it returns of itself to the eonditien of
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equilibrium, This is an equilibrium of stability. We have
already seen that this is the kind of equilibrium which exists in
the planetary system. There are constant deviations, but a
perpetual effort is making to restore the object to its premitive
condition.

Now, in case the rings of Saturn are homogeneous, equally
thick, and exactly concentric with the planet, their equilibrium
is one of instability. The smallest derangement would find no
restorative power, and would even perpetuate and increase itself,
until the system were destroyed. For a long time it was believed
that the rings were equally thiek, and concentric with the
planet ; but when it was discovered that such features would
produce an equilibrium of instability, and that there existed no
guarantee for the permanency of this exquisite system, an
analytic examination was mgde, which led to this singular
result, namely, To change the equilibrium of instability into
one of stability, all that is necessary is o make the ring thicker
or denser in some parts than in others, and to cause its centre of
position to be without the centre of the planet, and to perform
around that centre a revolution in a minute orbit. Finding
these conditions analytically, it now became a matter of deep
interest to ascertain whether these conditions actually existed
in nature. The occasional disappearance of the ring, in conse-
quence of its edge being presented to the eye of the observer,
gave an excellent opportunity of determining whether it was of
uniform thickness. On these rare occasions, in the most powerful
telescopes, the ring remains visible edgewise, and looks like
slender ‘fibre of silver light drawn across the diameter of the
planet. In the gradual wasting away of the two extremities of
the ring, it has been remarked, that the one remains visible
longer than the other. As the ring is swiftly revolving, neither
extremity can, in any sense, be regarded as fixed, and hence
sometimes the one, sometimes the other, fades first from the
sight. An exactly uniform thickness in the ring would render
such a phenomenon impossible, and hence we conclude, that the
first condition of stability is fulfilled ;—the rings are not equally
thick throughout.

The micrometer was now applied to detect an eccentricity in
the central point of the ring. Recent examinations by 8trave
and Bessel have settled this question in the most satisfactory
manner. The centre of the ring does not coincide with that of
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the planet, and it is actually performing a revolution around the
centre of the planet in a minute orbit, thus forming the second
delicate condition of equilibrium. The analogy of the great
system is unbroken in the subordinate ome. For more than
two hundred years have these wonderful circles of light whirled
in their rapid career under the eye of man, and, freed from all
external action, they are so poised, that millions of years shall in
no wise affect their beautiful organisation. Their graceful figures
and beautiful light shall greet the eyes of the student of the
heavens, when ten thousand years shall have rolled away.

Thus do we find that God has built the heavens in wisdom, to
declare his glory, and to show forth his handiwork. There are
no iron tracks, with bars and bolts, to hold the planets in their
orbits. Freely in space they move, ever changing, but never
changed ; poised and balancing ; swaying and swayed ; disturb-
ing and disturbed, onward they fly, fulfilling with unerring
certainty their mighty cycles. The entire system forms one
grand complicated piece of celestial machinery ; cirele within
circle, wheel within wheel, cycle within eycle ; revolutions so
swift, as 1o be completed in a few hours ; movements so slow,
that their mighty periods are only counted by millions of years.
Arc we to believe that the Divine Architect constructed this
admirably adjusted sysiem Lo wear out, and to fall in ruins, even
before one single revolution of its comnplex scheme of wheels
had been performed? No; 1 see the mighty orbits of the
planets slowly rocking to and fro, their figures expanding and
contracting, their axes revolving in their vast periods; but
stability is there. Every change shall wear away, and after
sweeping through the grand cycle of cycles, the whole system
shall return to its primitive condition of perfection and beauty.

=



LECTURE VII.

THE DISCOVERY OF NEW PLANETS.

N the earliest ages of the world, the
keen vision of the old astronomers
had detected the prineipal members
of the planetary system. Even
Mercury, which habitually hovers
near the sun, and whose light is
almost constantly lost in the superior
brillianey of that luininary, did not
escape the eagle glance of the pri-
mitive students of the stars. For
| many thousand years no suspicion
arose in the mind, as to the exist-
ence of other planets, belonging to
the great scheme, and which had
remained invisible from their im-
mense distance or their minute
dimensions. Indeed ﬂm grand mvest]gatxons which have recently
engaged our attention, the mutation of the planetary orbits,

their perpetual oscillations and final restoration, the equilibrium
of the whole system, had been prosecuted and completed before
the mind gave itself seriously to the contemplation of invisible
worlds.

The singularly inquisitive genius of Kepler, over whom analogy
seems to have ever played the tyrant, in an examination of the
mterplo.netary spaces, finding these to increase with regularity
in proceeding outward from the sun, until reaching ‘the space
between Mars and Jupiter, which was out of all proporhon too
great, conceived the idea that an invisible planet revolved in this
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space, and thus completed the harmony of the system. The
space from the orbit of Mercury o that of Venus is 31,000,000
miles ; from the orbit of Venus to that of the earth is 27,000,000
miles ; from the earth’s orbit to that of Mars is 50,000,000
miles ; but between the orbit of Mars and that of Jupiter there
exists the enormous interval of 359,000,000 miles. The order is
again resumed between the orbits of Jupiter and Saturn, and
from these slender data Kepler boldly predicted that a time
would come when a planet would be found intermediate between
the orbits of Mars and Jupiter, whose discovery would establish
a regular progression in the interplanetary spaces. For nearly
two hundred years this daring speculation was regarded as one
of the wild dreams of a great but visionary mind.

Towards the close of the eighteenth century, when the pla-
netary orbs had been studied with great eare, and a compara-
tively accurate knowledge of their perturbations had been
reached, certain unexplained
irregularities gave rise to the
suspicion that the movements
of Saturn might be disturbed
by the action of am unknown
planet revolving in a vast orbit,
remote from, and far beyond
that of Saturn, These specula-
tions led to no serious results,
and it was only by a fertunate
accident that, on the 13th of
March, 1781, Sir William
Herschel noticed a small star
of remarkable appearance,
which happened to fall in the
field of his telescope. On {EES ] ]
applying a ter magnifying
powzz'?tghe &e star’ showed Dr. Harschel
unequivocal symptoms of increased dimensions. Its position
among the neighbouring stars was noticed with care, and by
an examination on the following evening, the stranger was
found to have sensibly changed position. A few nights sufficed
to establish the fact that the newly discovered body was actually
a wandering star ; and not for a moment dreaming of the dis-
eovery of a mew planet, Herschel announced to the world
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that he had found a remarkable comet. Efforts were made to
obtain the orbit of the stranger, on the hypothesis, that like
those of all the then known comets, it was extremely elongated.
Maskelyn and Lexell soon reached the conclusion that no
eccentric orbit could possibly represent the motions of the
newly-discovered star; and on a close and diligent examina-
tion, it was at last discovered to be a primary planet, revolving
in an orbit nearly circular, and almost coincident with the
plane of the ecliptic. Its motion was progressive, like the other
planets, and its vast orbit was only completed at the end of
eighty-four of our years.  Its distance from the sun was found
to be no less than 1,800,000,000 of miles, and its dimensions
such that out of it might be formed more than eighty worlds as
large as the earth.

This great discovery exeited the highest interest in the astro-
nomical world, From the earliest ages, the mighty orbit of
Saturn had been regarded as forming the boundary of the vast
scheme of planets dependant on the sun. Its slow and majestic
motion, its great period and distance, and the wonderful magni-
ficence of its rings and moons, seemed to render it a fitting object
to guard the frontiers of the mighty system with which it was
associated. But the supremacy of Saturn was now gone for
ever, and its sentinel position was usurped by Uranus, whose
grand orbit expanded to twice their original dimensions the
boundaries of the solar system. Far sweeping in the depths of
space, this new world pursued its solemn journey, flinging back
the light of its parent orb, steadily obedient to the great law of
universal gravitation, which held the old planets true to their
changing orbjts.

Another unit in the num'bar of interplanetary spaces was thus
given, and the law which might possibly regulate the distances
of the planets from the sun was sought after with an interest
and perseverance which could not long fail of its reward. No
exact progression was indeed discovered, but the following
remarkable empirical law was detected by Professor Bode :

‘Write the series 0 3 6 12 24 48 96 192, &e.
Addtoeachterm 4 4 4 4 4 4 4 4
The sums are 4 710 16 28 52 100 196

Now if '10 be assumed as the earth’s distance from the sun.
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the other terms of the series will represent very nearly the dis-
tances of the planets, thus ;

4 7 10 16 28 52 100 196
Morcury, Venus, Earth, Mars, -  Jupiter, Saturn, Uranus.

The fifth term in the series is blank, and falls exactly in the
enormous interval which exists between the orbits of Mars and
Jupiter, precisely where Kepler had predicted a new planet
would be found. As early as 1784, three years after the diseco-
very of Uranus, Baron de Zach, struck with the remarkable law
of Bode, even went so far as to compute thie probable distance
and period of the new generally suspected planet. The impression
that a new world would soon be added to the system, grew
deeper and stronger in the minds of astronomers, until finally,
in 1800, at a meeting held at Lilienthal, by six distinguished
observers, the subject was discnssed with deep earnestness, and
it was finally reselved that the long-smspected, but yet undis-
covered world, should be made the object™f strict and perse-
vering research. The range of the Zodiac was divided into
twenty-four parts, and distributed among an equal number of
observers, whose duty it was to scrutinise their particular
regions, and detect, if possible, any movmg body which might
show itself among the fixed stars.

In case it were possible to note down, with perfect precision, '
the relative places and magnitudes of all thestars in a given
region, any subsequent changes which might oocur would be
easily recognised. In other language, if a dagnerreotype picture
of any region in the heavens could ba made to-mght, and if at
the end of the year another picture of the same region could be
taken, by comparing the number of stars in the one picture with
that in the second, in case any ore bad wander¢d away from ita
place, or a stranger had come to occupy a place within the limits
of the pictured regiom, it would be an easy matter'to ascertain
either the lost .star, or the newly arrived stranger. Now,
although a da.guerreotype picture could not be had, yet, by
observation, the exact relative positions of all the visible stars
, might be mapped out, and a picture formed, which should become
the ready means of deteotmg future

Such was the method of examination adopted by the oangreu
of astronomers assembled at. Lilienthal, in 1800. The organ-*
isation was made. Baron de Zach was elected president, and

K
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Schroeter waa chosen perpetual secretary. To those who have
paid but little attention to the circumstances under which this
strange enterprise was undertaken, nothing can appear more
wild and chimerical. To commence a prolonged research for an
invisible world, one that no keenness of vision could detect, and
which never could be revealed but by telescopie aid, a world of
which the magwitude was so small that it wounld not appear so
large as a star of the smallest size visible to the naked eye, and
one which must be sought out and detected, not by its planetary
dise, but by its wanderings amwong thousands of stars, which 1t
in all respects resembled, and from which it eould be in no wisc
distinguished but by ite motion, seemed like a wastitig of time,
and an utter throwing away of labour and energy.

Piswz, of Palermo, in Sicily, was one of the planet-searching
associstion. He had alveady distinguished himself as an eminent
and accurste observer, and had with indefatigable zeal con-
structed a most extensive catalogue of the relative places of the
fized stars, and th¥s, in some sense, anticipated a part of the
labour that the search for the suspeoted planet contemplated.
Aseisted by his own and by preceding catalogues, he entered on
the greht work with the energy and zeal which distinguished all
hig great astronomical efforts. On the evening of the first day
of tho year 1801, this astronomer had his attention attracted by
a small, star in the eonstellation of the Bull, which he took to be
one recorded in the catalogue of Mayer ; but on examination, it
was found not te oceupy any plaee either on Mayer’s or his own

Yet it was so smell that it was an easy matter to
account for this fact, by ite having been overlooked in preceding
explorations of the vegivn in which it was found. With intense
anxiety, the astronomer awwited the evening of the following
night to settle the grest gquestion, whether the newly detected
star was & fixed or moving body. Om the evening of the 2nd of
Jenusary, he vepaired to his observatory, and as soon as the
fading twilight permitted, dizected the telescope to the exact
point in wikeh on the preceding evening his snspicious star had
been located, The spot was blank! But another, whith was
distant 4 in right sheention, and 34’ in declination, at a spot wiich
on the previous night had certainly been vacant, was now gleaming
with the bright little ebject whith on the preceding evening had

w0 earnestly fixed his attention. and for which he was again so
snxionsly seeking, Night after night w3 watched its retrograde
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motion ; a motion precisely such as it ought to have, in case it
were the long desired planet, until on the 12th it became
stationary, and then slowly commenced progressing in the order
of the signs. Piazzi was unfortunately taken ill; his observations
were suspended, and such was the difficulty of intercommuni-
cation, that although he sent intelligence of his discovery to
Bade and Orani, associates in the great enterprise, the pewly
discovered body was already lost in the rays of the sun before it
became possible to renew the train of observations by which its
orbit might be made known. Piazzi feared to aunounce the
newly-discovered body to be the suspected planet. His ohserva~
tions were fow, and he was the enly person in the world who
had seen it. Bode no soomer received the intelligence of its
discovery than he at once proneunced it to be the long-sought
planet; and from the scanty materials furnished by Piazzi,
Olbers, Burkhart, and Gauss, all computed the elements of its
orbit, settled the great fact that it was o superior planet, and
that ity orbit was included between those of* Mars and Jupiter.
Some doubt, however, yet rested on the subject, and the disen~
gagement of the planet from the beams of the sun was awaited
with the deepest interest.

Several months passed away. Ewery eye and every telescope
was direeted to the region in the heavens where the new planet
was expected to be found. The most scrutinising search was
made for its rediscovery, but without any success. But for the
high reputation of Piazzi, his well-known accuracy and honesty,
doubts would have arisen as to whether he had not been seli-
deceived, or was iutentionally deceiving others. The subject
became of deeper and deeper interest. The world began to sneer
at & science which could find a body in the heavens, and then
for ever lose it. We must remember that Piazzi had followed
it through only about 4° out of 360° of its orbit, and on this
narrow basis a research was to be instituted, having for its
object the determination of the exact position which the lost
planet must occupy. Gauss, then comparatively a young man,
and little known as a computer, had conceived a.new method of
determining the orbits of comets, from a very few and very
closely consecutive obagrvations. Here was an admirabls.oppor-
tunity of giving a praetical proof of the power of his new
method. The long and intricate calculation was finished, the
place of the lost planet determined, the telescope was directed
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10 the spot, and lo ! the beautiful little orb flashed once more on
the eager gaze of the youthful astronomer. For one entire year
had the planet been sought in vain, and but for the powerful
analysis of Gauss, nothing but years of persevering toil could
have wiped away the reproach which rested on astronomy.

A sufficient number of observations were soon made to reveal
the orbitual elements of the planet, now named Ceres. It was
found in all respects to harmonise in its movements with the
older planets, and its orbit filled precisely the blank in the
strange empirical law discovered by Bode. The period and
distance hypothetically computed from that law sixteen years
‘before, by Baron de Zach, were verified in the most remarkable
manner by the actual period and distance of Ceres. Order and
beauty now reigned in the planetary system, and a most signal
victory had crowned the efforts of astronomical science.

The only remarkable difference between the new planet and
the old ones, consisted in its minute size, the great obliquity of
its orbit, and the dense atmosphere by which it appears to be
surrounded. Its diameter is so small as to render its measure
next to impossible ; and the best practical astronomers differ
widely in their results. Sir William Herschel makes its diameter
only 163 miles, while Schroeter cannot make it less than ten
times that quantity. "The mean of these two extremes is pro-
bably near the truth, No satellites have been found in attend-
ance on this minute planet, although Sir William Herschel
suspected the existence of two at one time, a suspicion which
subsequent observations have not confirmed.

The beautiful order established in the solar system by the

_ discovery of Ceres was a subject of the highest gratification to
the whole astronomical world, and especially to those who had
been instrumental in reaching this remarkable result. An oppor-
tunity had scarcely presented itself for the expression of delight
oceasioned by this announcement, before all interested were
startled by a declaration from Dr. Olbers, of Bremen, that he
had found another planet on the evening of the 28th of March
1802, with & mean distance and periodic time almost identical
With those of Ceres. This discovery broke through alk the
analogiee of the solar system, and presented the wonderful
anomaly of two planets revolving in such close proximity, that

. their orbits, projected on the plane of the ecliptic, actually inter-
sected each other,
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The new planet was called Pallas, and is of a magnitude about
equal to that of Ceres. 1lts orbit is greatly inclined to the plane
of the ecliptic, and its eccentricity is very considerable. The
existence of these small planets, in such close' proximity, for a
long while perplexed astronomers. At length Olbers suggested
that these minute bodies might be the fragments of a great
world, rent asunder by some internal convulsion of sufficient
power to produce the terrific result, but of a nature entirely
beyond the boundary of conjecture.

Extraordinary as this hypothesis may appear, the results to
which it led are not less remarkable. If a world of large size
had been actually burst into fracrmeuts, it is easy to perceive
that these frafrmcnlq all darting away in the orbits due to their
impulsive forces, would start from the same point, and hence
would return at different intervals indeed, but would all again
pass through the point of space occupied by the parent orb when
the convulsion occurred. Having found two of these frag-
meutary worlds, the point of intersection of>their orbits would
indicate the region through which the other fragments might be
expected to pass, and in which they might possibly be discovered.
So reasonable did the views of Olbers appear, that his suggestions
were immediately acted upon by himself and several dis-
tinguished observers, and on the 2nd of September, 1804, Mr.
Harding, of Lilienthal, while scrutinising the very region indi-
cated by Olbers, detected a star of the eighth magnitude, which
seemed to be a stranger, and was soon recognised to be another
small planet, ‘fully agreeing, in all its essential characteristics,
with the theory of Olbers. The new world was named Juno,
and is remarkable for the eccentricity of its orbit. Its diameter
has not been well determined, owing to its minute size. This
discovery gave to the theory of Olbers the air of reality; and
finding the nodes of the three fragments to lie in the oppOsite
constellations Cetus and Virgo, he prosecuted his researches in
those regions with redoubled energy and zeal.

His cfforts were not long without their reward. On the 29th
of March, 1807, he detected the fourth of his fragments in the
constellation Virgo, and very near the point through which he
had, for four years, béen waiting to see it pnss. This was a most
wonderful discovery, and almost fixed the stamp of truth upon
the most extraordinary theory which had ever been promulgated
This new asteroid was nwmed Vesta, and, for nearly forty jears,
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the examinations which were conducted revealed no new frag-
ment, and it began to be regarded as positively ascertained, that
all the small bodies revolving in this region had been revealed
to the eye.

But on the 8th of December, 1845, Mr. Hencke announced to the
world the discovery of another asteroid, which was named Astrea.
Before two years had rolled
round, the saine indefatigable
observer discovered u sixth
member in this wonderful
group; which was called
Hebe. THis success induced
other observers to undertake
& similar exmnination, and,
in a very short time, the
vesearches of Mr. Hind, of
London, were rewarded by
the discovery of a seventh
and eighth asteroid, which
were named Iris and Flora.

Thus have we no less
than eight of these minute
worlds, revolving in orbits

Mr. 3. R 2lind, so nearly equal, that for

weeks .and months these

miniature orbs may sweep along in space, almost within hail

of each other* Let us now return to an examination of the

hypothesis of Olbers, that these are the fragments of a world of

large gize, which once occupicd an orbit intermediate between
those of Mars and Jupiter.

* hirteen of these small planets have been discoverod ; four of them by Mr. Hind,
at Mr. Bishop'ds Obgervatory, Regent's-park. On April 12, 1849, Signor de Gasparis,
of the Ohservatory of Naples, whilst comparing Steinkeil's Star Map for hour XII
with the heavons, discoverpd & planct: its appearance at this time was that of a
small star of the 9th or 10th asgnitnde. M.de Gasparis referred the nsming of his
new Planet to M. Capoeot, who called #t Hygeia. ©Oun May 11, 1850, Dr. Annibal do
Gasparis, asatstant at the Royal Observ;wry at Naples, discovered a small planet,
and which he named Fartk 2, 1850, Mr, Hind discovered another,
making the third, whlch b ins mmed Trictoria. Tlm orbits of both these planets are
situated betwecn ﬁwwwf Mars and Jupiter. ‘'Whiloe these sheets were passing thfough
the press, the pewspapers anhounced that Mr. ITind Las discovered another new plunct,

the fourth,dn the ation Bcorplo, about 8° north of the etliptic, and forming at
the time ay couilatersl triangle with tho strs Scorpli and Libra. 1t ‘s stated to be
of a pale bluish colouy, and fhat its light is about equal to that of a stor of the ninth
megnitude -~Ep
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If any internal convulsion conld burst a world and separate
its fragments, it is readily seen that the fragments of largest mass
would move in orbits more nearly coincident with that of the
original planet, while the smaller fragments would revolve in
orbits greatly inclined to the primitive one, This eondition is
wonderfully fulfilled among the asteroids. The larger planets,
Ceres and Vesta, revolve in orbits with small inclinations to the
ecliptic, while the smaller objects are, in some instances, found
10 move in planes with very great inclinations. The force neces-
sary Lo burst a planet, and to give to its fmgmmuearwm orbits,
has been computed by Lagrange, and he finds that, in case any
fragment is projected with an initial velogity one hundred and
twenty-one times greater than that of a. cannon ball, it would
become a direct comet, with a parabolic orbit, while a primitive
velocity, one hundred and fifty-six times greater. than that of a
cunnon-ball, would cause the fragments to revelwe with a retro-
grade motion in the ourve of a parabola. . Any less powerfal
force would cause the fragment to revalve in el}ipses ; and itis
probable that the force which operated to produce the asteroids
wus not more than twenty or thirty times greater than that of &
catnon-ball. Although the iheary of Olbers has' received ngw
accessions of strength from the digoovery of every new asteroid,
it would be wrong to regard it as one of the démonstrated truths
of astronomy, In the meantime, powerful efforts are making to
scour the heavens, and a method of observation has been prof-
fered to the Academy of Sciences, of Paris, by whieh all the
visible fragments may be discovered within a period’ of four
years. Should this plan, which contemplates a division of the
heavens among different astronomers, be adgpted, volunteers
have already presented themselves, and the most interesting
results may be anticipated.

From this curious branch of sstronomiocal inguiry, we turn to
one of still deeper interest. In the exaninations for new planets,
thus far, the telescope has been the aole instrument of research.
Conjectures based upon analogical reasoning, it is trus, guided
the instrumental examinations ; but the mind had never dared
to rise to the eifortnimumngm way snalytically to the exact
position of an unkuown body. It has been neserved for our owa
day to produce the moest remarkable and the boeldest theprising
which has ever marked the career of astronomical science. I
vefer to the analytic effort to trace out the orbit, define the
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distande, and weigh the mass of an unknown planet as far beyond
the ektremest known plamet as it is from the sun.

I am fully aware of the difficulties by which I am surrounded,
when I invite your attention to this complex and intricate sub-
jeet 3 and I know how utterly impossible it is,in a popular effort,
to do sny kind of justice to the intricate and involved reasoning
of the great geometers, who have not only rendered themselves,
but the age in which we live, illustrivus by their efforts to resolve
this, the grandest problem which has ever been presented for
human genius. Trustihg to your close attention, I shall attempt
to exhibit some faint outline of the train of reasoning and the
kind of research employed in vescuing an unknown world from
the viewless regions of space in which it has been tracing its
orbit for ages, commensurate with the existence of the great
system of orbs of which it constitutes a part.

After the diséovery of the planet Uranus, by Sir William
Herachel, geometers were not long in fitting it with an orbit
which represented in the outset, with accuracy, its early move-
ments. With this orbit, it became possible to trace its career
backwards, and to define its position among the fixed stars for
fifty or one hundred yesdrs previous to the date of its discovery.
This was actually done, with the hope of finding that the place
of the planet had been observed and recorded by some astronomwer,
who ranked it among the fixed stars. This hope was not disap-
pointed. The planet, belteved to be a fixed star, had been seen
and obaerved no less then nineteen different times, by four dif-
ferent observers, through & period rumning back nearly one hun-
dred yedrs previvus to the discovery of its planetary echaracter
by Herschel. These remste observations were of the greatest
value as data for the determination of the elements of its elliptic
orbit, and for the computation of the mean places, which might
Berve to predivt #s position in coming years.

A distinghished astronomer, M. Bouvard, of the Paris Academy
of Bciences, about thirky years ago, undertook the analytic inves-
tijzafion of the movements of Uxanus, and a computation of exact
tablesy He wan niet, however, by difficulties which, in the state
of kirowledgh ax it then-existed, with reference to this planet,
wei absotirtily inmimountabls. He found it quite impossible
to ébtain any Gebit which would pass through the places of the
planet detershined dfter its discdvery, and through those positions
which had bean f%ed previous to that epoch. In this dilemma,
it became necessary+o rejett the old observations as less réliable
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than the new ones, and the learned computer leaves the problem
for posterity to resolve, carefully abstaining from any absolute
decision in the case.

His orbit, based upon the new or modern observations, and
his tables being computed, it was hoped that the theoretic places
of the planet would thereafter coincide with the observed places,
and that all discrepancies which might not be fairly chargeable
to errors of observation, would be removed. In this expectation,
however, the astronomical world was disappointed ; and while
the tables of Bouvard failed absolutely to represent the ancient
observations, in a few years they were but little more truthful
in giving the positions actually filled by the planet under the
telescope. The discrepancies between the theoretic and actual
places of the planet began to attract attention many years since.
As early as 1838, Mr. Airy, Astronomer Royal of England, on a
comparison of his own observations with the tables, found that
the planet was out of its computed track, by a distance as great
as the moon’s distance from the earth, and that it was actually
describing an orbit greater than that pointed out by theory. It
seemed that this remote body was breaking away from the sun’s
control, or that it was operated upon by some unknown bedy
deep sunk in space, and which thus far had elea.ped the scruti-
nising gaze of man.

These deviations became so palpable as to a.ttmct general
attention, and various conjectures were made.with reference to
their probable cause. Some were disposed to regard the law ot
gravitation as somewhat relaxed in its rigorous application to
this remote body ; otliers thought the deviation attributable to
the action of some large comet, which might sway the planet
from its course; while a third set of philosophers conjectared the
existence of a large satellite revolving about Uranus, and from
whose attraction the planet was cansed to swerve from the
computed orbit. These conjectures were not sustained by any
show of reasoning, and were of no scientific value.

Such was the condition of the problem when it was undertaken
by a young French astronomer, not quite upknown to fume in
his own country, but comparatively at the beginning of his
scientific career. . The friend of Avago, Leverrier’s Cometary
Investigations, and more especially his researches of the motions
of Mercury, had gained for him the confidence of this disfin-
guished savant, and Arago urged on his young associate the
importance of thc great problem presented in the-perturbations of
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TUranus, and induced him to abandon other investigations, and
concgntrate all the energies of his genius on this profound-and
complex investigation.

The extraordinary powers -of Leverrier as a mathematical
astronomer had been so successfully displayed in his researches
of the motions of Mercury, that it deserves a passing notice.
The old tables of this planet, Leverrier believed to be defective.
He therefore set about a thorough examinsation of its entire
theory, and after a rigid scrutiny, deduced a new set of tables,
from which the places of the planet might be predicted with
greater precision,

" The transit of Mercury across the sun’s dise, which oceurred
on the 8th day of May, 1845, presented an admirable opportunity
to test the truth of the mew theory of the young astronomer.

Most unhappily for his

hopes, all observations in

Paris were rendered im-

possible by the clouds,

which covered the heavens
during the entire day on
which the tramsit took
place. While the com-
puter was sadly disap-
pointed, I was more fortu-
nate, for a pure and
transparent atmosphere
favoured this, the first

' asthonomical observation

I ever made. A slight

referemce to this ocour-

renee may be pardoned.

For three years I had

been toiling to complete

e most diffioult and la-

borious enterprise, the

astronomical observatory of the first class, in a

vo-none, bad ever existed. Amid dificulties and

shich none can ever:knpw, the work had moved on;
b 1had. the high satisfaction of seeing mounted one
£st and most perfeet instruments in the world. I had

ed*hnd adjusted its complex machinery, had computed the
exaotpmntonthamsd:scwkmthmphmtwghtto make its
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first contact, had determined the instant of conlact Ly the old
tables, and Ly the new ones of Leverrier, and, with feelings
which must be experienced to be realised, five minutes before
the computed time of contact, I took my post at the telescope to
watch the coming of the expected planct. Adfter waiting what
seemed almost an age, I called to my friend how much time was
yet to pass, and I found but one single minute out of five bad
rolled heavily away. The walch was again resumed. Long and
patiently did I hold my place, but again was forced to call out,
How speeds the time? and was answered that there was yet
wanting fwo niinutes of the computed time of contact. With
steadfast eye, and a throbbing heart, the vigil was resumed, and
after waiting whai seemed an age, I caught the dark break
which the black body of the planet made on the bright dise of
the sun. “Now !” I exclaimed; and, within sizteen seconds of
the computed time, did the planet touch the solar disc, at the
precise point at which theory had indicated the first contact
would occur. X

The planet was followed across the disc of the sun, round, and
sharp, and black ; and every observation confirmed the superior
accuracy of the new tables of Levervier. While the old tables
were out fully a minute and a half, in the various contacts,
those of Leverrier were in error by only about sixteen seconds
as a meon,

The great success of this investigation eaconmged the young
astronomer to accept the ditficult task whiech Arago proposed
for his accomplisbment, and he earnestly sat about preparing the
way for a full discussion of the grand problem of the perturba-
tions of Uranus. The importance -of the. subject demanded the
greatest caution, and having determiped to rely solely on his
own efforts, he at once rejected all that had been previously
done, and commenced the problem st the wéry, bemmung New
analytic theories were formed, elaborate investigations of the
planets Jupiter and Saturn, as disturbing bodies, were made,
and an entire clearing up of all possible causes of disturbance
in the known bodies of the systemw was laboriously and saccess-
fully accomplished, and the indefatigable mathematician finally
reached a point where be could say, * Here are residual pertur-
bations which are not to be accounted for by any known existing
body, and their explanation is to be sought beyond the present
ascertained limits of the solar system.”

Ap early as the 10th of November, 1845, M. Leverrier
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presented a memoir to the Royal Academy of Sciences in Paris,

in which he determined the exact perturbations of Jupiter and
Saturn on Uranus. This was followed by a memoir, read before
the academy on the first of June, 1846, in which he demonstrated
that it was impossible to render an exact account of the perturba-
tions of Uranus in any other way than by admitting the exist-
ence of a new planet exterior to the orbit of Uranus, and whose
heliocentric longitude he fixed at 325° on the 1st of January,
1847. On the 30th of August, 1840, & third memoir was pre-
sented to the Academy,-in which the elements of the orbit of
the unknown planet were fixed, together with its mass and actual
position, with greater accuracy, giving, on the lst of January,
1847, 326° 32 for its heliocentric longitude. Finally, on the
5th of October, 1847, a fourth memoir was read, relative to the
determination of the plane of the orbit of the constructive planet.

Tt is quite impossible to convey, in popular form, the least idea
of the profound analytic reasoning employed by M. Leverrier in
this wonderful investigation. None but the rarest genius would
have dared to reach out 1,800,000,000 miles into uuknown
regions of space, to feel for a planet which had displaced Uranus
by an amount only about equal to four times the apparent
diameter of the planet Jupiter, as seen with the naked eye ;—a
quantity so small that no eye, however keen and piercing, with-
out telescopic aid, could ever have detected it. Yet, from this
minute basis was the maguifieent superstructure to be reared
which should eventually direct the telescope to the place of a
new and distant world, To many minds, the resolution of such
a problem may appear utterly beyond the powers of human
genius, and without ome ray of light to illumine the midnight
darkness which surrounds it to them, they are disposed to reject
the entire mbject An attentive examination of the following
train of reasoning may at least demonstrate that the problem is
not quite so hopeless as it would at first appear.

It was not necessary to extend researches to all quarters ot
the heavens indifferently, in an effort to find the unknown body.
Al tHe planeta revolve in planes nearly coincident with the
plane of the earth’s orbit, and more especially do the gdistant
ones. Jupiter and 8atmrn and Uranus revolve in orbits but
little inclined $o the plane of the ecliptic. Hence, it was fair to
eonjecture that the new planet, should it ever be found, would
not violate this general law, and a search for it was properly
limited to & narrow belt near the vlane of the earth’s orbit



THE OLRBS OF HEAVEN, 141

The limits of research were thus brought down to a narrow zone,
sweeping around tH® entire heavens, indeed, but insignificant in
extent, when compared with the whole celestial sphere.

The next point of examination was the probable distance of
the unknown planet. Here, again, analogy came to the aid
of Leverrier. The empirical law of Bode, already explained,
showed that the remote planets increased their distances by
a very simple law. Saturn was twice as remote as Jupiter;
Uranus was at double the distance of Saturn, and it was fair
to conclude that the unknown planet would be about twice
as far from the sun as Uranns. As a first approximation, then,
its distance was fixed at about 3,600,000,000 miles from the
sun. Kepler's law, regulating the ratio between the distances
and periods of the planets, gave at once the time of revolution
of the new planet, in case its distance had been correctly
assumed. In the next place, it was fair to conclude that the
orbit of the new planet, like those of Jupiter, Saturn, and
Uranus, would not differ greatly from a cirele. These.con-
jectures were, in some degree, confirmed by a very simple train
of reasoning with referemce to the distance of the disturbing
body. If it revolved in an orbit very near to that of Uranus,
then its effect on Tranus ought to be excessive, when compared
with its influence on Saturn, which was found not to be the case.
Again, if it revolved in an orbit very far beyond the limit
assigned above, its effect on Uranus and-Saturn would be very
nearly the same, which was not verified by examination.

Having thus roughly fixed limits for the orbit of the unknowr
body, the work of the mathematician now commences, having
for its grand object the determination of the true places of the
planet sought at some given epoch, and such en orbit as will
vepresent the perturbations of Urauus in the most perfect
manner. To exhibit, in some faint degree, the difficulty of this
investigation, let us conceive that up to the first of January,
1800, the solar system had consisted only of the known bodies,—
the sun, planets, satellites, and comets, The orbits of all the planets
are accurately ascertained, and their reciprocal influences com-
puted and known. The cutermost planet, Uranus, revolves in
its vast orbit obedlent to the great law of gravitation, acknow-
ledging the predominant influence of the sun, and swaying more
or less to the action of the nearest planets, Saturn and Jupiter.
Its predicted and observed places coincide, and its movement is
followed with confidence and exactitude.
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With a full and perfeet knowledge of the orbit of Uranus, let
a new planet be created and projected in a¥ast orbit, exterior
to, and remote from, the orbit of Uranus, The new body thus
added to the system would instantly derange the motions of
Uranus, causing it to recede from the sun, and increasing its
mean period of revolution. In this case, the total effect of the
new planet on Utanus would be perturbation ; and it would not

- be quite impossible, even for one mnot skilled in the higher
mathematics, to see how the action of the newly ereated planet
on the movements of the old one might actually reveal approxi-
mately the position of the disturbing body. It is manifest, that
when the two planets are in comjunction, or on a right line
passing through them and the sun, that at this configuration the
new planet would exert its greatest power to drag the old
one outward from the sun; and if it could be fourd at what
point of its orbit the old planet actually receded to its greatest
distance from the sun, in the same direction, nearly, must the
disturbing body have been situated at that time. In this way,
'we perceive, one place of the new planet might be approximately
found ; and from its penodlc time it would be possible to trace
it backward or forwm'd in its orbit, for the present supposed to
“be circular.

The problem here presented is certainly sufficiently difficult ;
yet its complexity is very far from being equal to that presented
in nature, and with which the French geometer found himself
obliged to grapple. Although unknown, the new planet did
exist, and for ages had silently pursued its unknown orbit round
the sun. Its influence on Uranus had been ever active; and
when the observations on Uranus were made, and its places
determined, from which its elliptic elements were to be derived,
these very places were in part dependent on the action of the
invisible disturber, and hence a portion ofits influence would be
darkly eopcealed in the orbit of Uramus ; and to divide the entiro
effect of the new planet on the old one correctly between the
disguised portion, and that producing real perturbation, was
attended with the greatest difficulty, and eould only be reached
by adopting eortain positive hypetheses. Surrounded by all
these difficulties, Leverrierworked on, and with consummate art
so constructed his analytiosl machinery as to meet and master

[difficulty ; and hefinally announced to the world the figure
of the orbit of his imaginary planst, its distance, period of reve-
lution, and even the mass of matter it contained.
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These important communications were made to the French
Academy of Sciences on the 81st of August, 1846. On the 18th -
of the following month, M. Leverrier wrote to his friend, M. Galle,
of Berlin, requesting him to direct his telescope to that point in
the heavens which his computations had revealed as the one
occupied by the constructive planet. The request was readily
complied with, and on the very first evening of examination, a
star of the eighth magnitude was discovered, which was evidently
a stranger in that region, as it was not found on an accurate
map of the heavens, including all stars of that magnitude. The
following evening was awaited with the deepest interest, to
decide, by the actnal motion of the suspected star, whether
indeed it was the planet so wonderfully revealed by the analysis
of Leverrier. 'The night came on. Again was the telescope
directed to the star in question, when lo! it had moved from its
former place, in a direction and with a velocity almost precisely
necordant with the theory of the Freneh geometer! The triumph
was perfect ; the planet was actually found. The news of its
discovery flew in every direction, xmd filled the world with
astonishment and admiration.

The excceding accuracy with which its place had been pre-
dicted, coming within less than one degree of its actual position,
gave to M. Leverrier the highest confidence in the perfection of
his analysts, and filled with astonishment the oldest and most
learned astronomers. If scepticisru had existed with reference
to the possible solution of so complex a problem,—if the theory of
Leverrier had been regarded as a beautiful speculation, ingenious
and plausible, but vain in its praetical application,—the actual
discovery of the planet silenced all cavil, and put to flight every
lingering doubt.

As if anything were wanting to give a more positive character
to the computations of Leverrier, it was now found that a young
English mathematician, Mr. Adams, of Camibridge, had actually
accomplished the resclution of precisely the same problem, and
had reached results almost identieal with those of the French
geometer. This astonishing coineidence onithe part of two com-
puters unknown to each. other, each ata.rtmg from the same data,
pursuing independefit trains of reasoning, and arriving at the
same results, confirmed, as it would seem, m“the fullest manner,
the accuracy of the resolution which had been obtained.

On learning that Leverrier had communiested to the Academy
of Sciences, in August, 1846, his fintd results, I wrote immediately,
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regquesting the compnted place of his planet, with such directions

+ a8 would best guide me in a search, which I desired to make
for it with the .great refracting telescope of the Cincinnati
Obeervatory. .But before my letter reached its destination,
the planet had been found, and the news of its discovery soon
reached the United States. It was almost impossible for me to
crodit ‘the statement, and I was almost disposed to believe that
the prediction of the planet’s position had been mistaken for its
actual 'discovery. ‘With these conflicting doubts, I waited for
the coming of night with a degree of anxiety and excitement
which may be readily imagined. I had no star-chart to guide
me in my search for the planet ; I had no meridian instrument
with which to detect it by its motion ; but I was not without
hope that the power of our great telescope might be sufficient to
select at once the planet- @om .among the fixed stars, by the
magnitude of its disc. ) F 3

As soon .as the twiligh ‘iﬂuppeared, the instrument was
directed to the point mﬂmdjawm where the planet had been
found.: I took mxplma wl;ﬁhe finder, or small telescope attached
to the larger: one, and W\ asistant was seated at the great
instrument. -

On placing my e;mm thd 'ﬁndor, four stars of the eighth
magnitude océupied 'its field. .One of them was brought into
the field of the large telescope, and critically examined by my
assistant, and rejected. A second star was in like manner
examined, and rejected. A third star, rather smaller and whiter
than either of the others, was now brought to the centre of the
field of the great telescope, when my assistant exclaimed,
“There it is ! .there is the planet ! with a disc as round, bright,
and beautiful as that of Jupiter!” There, indeed, was the
planet, throwing its light back to us from the enormous distance
of more than 3,000,000,000 of miles, and yet 8o clear and distinct,
that in a few minutes its diameter was measured, and its magni-
tude computed. .

It is.not my intention to, fo]]ow, critically, the history of this
‘wonderful dimovery ; yet there are some facts so remarkable,
that it would be wrong to pass them in silence. From the
moment the planet was detected in Berlin, it has been observed
by all the best instruments in the world, with a view of ascer-
ng how accurately theory bad assigned the elements of its

it. In conseguence of its very slow motion, it became a
Jfter of the utmost importance to obtain, if possible, some
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remote observation made by an astronomer who might have
entered the place of the planet in his catalogue a8 8 fixed stur.
Mr. Adams led the way in the computation of the elements of
the orbit of the new planet from actual observation, and was fol-
lowed by many othér computers,—among them Mr. 8. C. Walker,
then of the Washington OQbservatory, United States.

Having obtained an approximate orbit, Mr. Walker computed
backwards the places of the new plangt for more than fifty years

Lalande.

and then examined the late catalogues, in the hope of finding its
place on some of them as a fixed star. Among recent catalogues
there was no success ; but in an examination of Lalande’s Cata-
logue, he found an observation on'a star of the eighth magnitude,
made May 10th, 1795, which was so near the place which his
computation assighed the planet at the same date, that he was
led to suspect that this star might indeed prove to be the new
planet, In case his conjecture were true, on turning the tele-
scope to the place occupied by the star, it would be found dlank,
as its planetary motion, would have removed it very far from the
place which it occupied more than fifty years before. The expe-
riment having been made, no star could be found ; and strong
evidence was thus presented that Mr. Walker had actually
found an observation of the new planet, giving its position
in 1795 ; but in consequence of the great discrepancy between

L .
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the periodl of M. Leverrier and that which would result from
a reliance on this observation of the new plamet Neptune,
Mr. Walker's discovery was.at first received with great hesitation.
A greater doubt wasthrown oveér the matter from the fact that
Lalande had marked the observation as uncertain; and it was
only by referenee ta the ariginal manuscripts pneserved in the
Royal Observatory of Paris that the doubés could be removed.

The' discovery of Mz Walker wés subsequently made by
Mr, Petersen, of Altona § and the results of these astronomers
reached Paris cn the same da.y ‘A committee was at once
appointed to examine the original manuscript of Lalande, when
a most remarkable discowery was made. This astronomer had
observed a star of the ejglith anagnitude on the evening of the
8th of May, 1795 ; and on theming of the 10th, not finding
the star as laid down, hut one of the same magnitude
very near the former  ° i@em the observation of the 8tk
of May as mamurah,#mm%e observation of the 10th,
marking it doubtfal. i

On close examinsfim, % '“' proves to bo the planet
Neptune ; and by ‘thiis SRaovenyame.arve placed in possession of
observations whidh wesiie'§ pewilille o determine the elliptic
elements of the newryilusst wifkgmdCymecision. These differ so
greatly from those zmmounced by fvevwisier and Adams previous
to the discovery, that Professor Fievos, of-Cambridge, Massa-
chusetts, pronounces it impossible so to extend fairly the limits
of Leverrier’s analysis as to'embrace the planet Neptune ; and
that, although its. ) asdetqmmaﬂ from the elongation of its
satellite, renders it - wecoupt for all the perturbatlons
of Uranus by its action, 4

, (%‘9 jost. Mrpaising manner, yet, in
the opinion of Professor M # is mot the planet to which
geometrical snalysis dirested the %eioscape. Leverrier rejects
absolutely the result renched by ithe American geometer, and
claims Neptune to be the planet.of his theory, in the strictest
and most legitimate sexse.

Time <and abservation will settle the differences of these
distinguished g ; and truth being the grand object of
all research, its discovery will be hailed with equal enthudiasm
by both of mamm In any event, the profound analytic
rasearch of Lewetrier is'an ever-during monument to his genius,
and kis nmme is for ewer associated with the most wonderful
dascovery that ever marked the career of astronomical science.
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Note.—In the above historical acoount of the discovery of the
planet Neptune, it appesrs to us that euffeient. justice has not
been done tp the share which oyr countryman, Mr. Adams, if
Cambridge, had in the discovery. It was stated by Professor
Challis, of Cambridge, that Mr. Adams, Fellow of §t. John’s Col-
lege, showed hjm 2 memorandum made in the year 1841, recording
his intention of attempting to solve the problem arising out of the
perturbations of Uranus, as soon as he had taken his B, A. degree.
Accordingly, after graduating in 1843, he optained an approxi-
mate solution, and afterwards pursmed thé subject to that extent,
as actually to place in the hands of the Astronomer Royal, and of
Professor Challis, the elements of the then unknown planet, before
any elements of this planet liad been obtained, or at least pub-
lished, by M. Leverrier.

Mr. Adams,

On July 29th, 1847, Professor Challis commeneed observing,
and:by October st he had then registered 3150 positions of
stars. On this day he heard that Dr. Galle had discovered the
planet at Berlin, on September 23rd, It afterwards appeared
that Professor Challis himself had observed the planet on August
4th, and again on August 12th.
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Professor Challis sdds, that it was impossible that any one
could have comprehended the problem more fully than Mr.
Adams did ; “ that he carefully considered il that was necessary
for its exact selution, and that he had a firm conviction, from the
=esults of his calenlations, that a pla.net was to be found.”

Whatever honoue is, therefore, due to M. Leverrier—and it is
eertamly great,~—pyual honour and praise are due to Mr. Adams.

The fermer gentleman hos hed semewewatds for his labowrs; we
believe that the latter gentleman’s honours arc yet to come.

The attempt to fix the name of the disdoverer upon new planets
has been utisuccessful in every inetance.' The planet discovered
by Herschel is called Uranus; Piazzi gave to Ceres the name
 Ferdinandes,” in honour of the King of Naples; yet, Cores is
the name by which it is known. Harding, Olbers, Hencke, and
Hind, all discoverers of planets, followed the long-established
custom of selecting names from the Heathen Divinities. Im-
mediately after the planét beyond Uranus was discovered, M
Leverrier, in letters addressed to several persons,said, the “Board
of Longitude ” kas decided in favour of “ Neptune,” with the sign
of the trident. And this name “ Neptune,” is the one generally
adopted. :

m
RS



LECTURE VIIL. _

THE COMETARY WORLD.

THE wonderful characteristics which mark the flight of comets

through space ; the suddenness with which they blaze forth ;
their exceeding velocity, and their terrific appearance; their
eccentric motions, sweeping towards the sun from all regions
and in all directions; have rendered these bodies objects ot
terror and dread in all ages of the world. While the planets
pursue an undeviating course round the sun, in its orbits nearly
circular, and almost coincident with the plane of the earth’s
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orbit, all revolving harmoniously in the same direction, the
comets perform their revolutionis in orbits of every possible
eccentricity, confined to mo perticular plane, and moving indif-
ferently in accordanee with, or opposed to, the gemeral motion of
the planets. They come up fromn below the plane of the ecliptic,
or plusge dowmwards towards the sun from above, sweepswiftly
round ¢hix their grest centre, and with incredible veloeity wing
their Syt far into the fathomless regions of space, in some cases
never sgain e teappear to hustia vision.

3o the sy ages of the world, vaperstition regarded these
wimdering Bavy worlds with awe, and Jooked wpor fhern as
cunins of peitilonee snd wir ; amd indoed, even in modetn times,
W eye emk Jedk wpon the fiery train gaead out for wiillions of
miles athwart the sky, amd watch the scoemtric motiots of these
anomalous objects, without a feeling of dread. The movesients
of the planets inspire coullilines. Thwy sre ever visible, snd
true to their tod e, whids e comet, enrntic in it
cotme, burets and ewatnoesited upon e sight, and no
sciemce exn predint i the outeet is whoertain track ; whether it
may plinge itite thie with, or Suil: agoinst one of the plametary
systems, o dven comw ity collon with owr owx emrth, is
equally umeeibain, wetil after s suilficient mamber of obervations
shall have been mslle to vender the sompriation of tle elements
of its orbif poesilile.

Previows e the diseovery of the Iniv of universad gravibation,
comets wire euiionl upon ss nsssmilony Bodies, o whove wedtions
it was guite Mupessible to take any account. By somnss philoso-
plers they were sogardiold as meteors kindled into a blsse in the
darth’s snosphere, amé# when once extinguished they were lost
for evé¥. Others looked upon them as permnunent bodies,
vevolving in orbits far above the moon, and re-appearing at the
end of long but certain intervals. When, however, it was
discovered that, under the influence of gravitation, any revolving
world might describeseither of the four curves, the circle, ellipse,
parabola, or hyperbola, it at uvnce became manifest that the
eccentric movements 6f the comets might be perfectly repre-
sented by giving to them orbits of the parabolic or hyperbolic
form, the syn being located in the focua of the curve. According
to this theory, the comet would become visible in its approach
to its perihelion, or nearest distance from the sun,—~would lere
blaze with uncommon splendour, and in its recess to the remote
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racts of its orbit, would gradually fade from the sight, relaxing
1ts speed, and performing a large proportion of its vast curve far
beyond the reach of human vision.

Such was the theory of Newton, and such were the fair
dedunctions from the great law of nature which he had revealed
to the world. He awaited with deep interest the appearance of
some brilliant comet, whose career he might trace, in the full
confidence that ohservation would confirm the truth of his bold
hypothesis. Fortunately, his innpatience was soon gratified. In
the year 1680, a most wonderful comet made ity appearance,
which, by its splendour and swiftness, excited the deepest
interest throughout the world. It came from the regions of
space immediately above the ccliptic, and plunging downwards
with amazing velocity, in a dweetion almost perpendicular to
this plane, it appeared to dirvect its flight in such & manner that
it must inevitably plunge directly intc the sun. This was not,
however, the case. Increasing its velocity as it approached the
sun, it swept round this body with the speed of 1,000,000
miles an hour, approaching the sun to within a distance of its
surface of a sixth part of the sun’s radius. It then commenced
its recess, throwing off a train of Light which extended to the
enormous distance of 100,000,000 miles. With the swiftness of
thought almost, it swept away from the sun, and was gradually
lost in the distant regions of space whence it came, and has
never since been seen.  Such were the general characteristies of
the body to whose rapid motions Newton attempted to apply the
Iaw of universul gravitation.

Its positions were marked with all the accuracy which the
instruments then in use permitted, and it was found that a
parabolic curve could be constructed, which would embrace all
the places of the comet. The great eccentricity of its orbit,
and its vast period, amounting to nearly six hundred years, gave
to the comet great interest, hut rendered it an unfit object for
successful analytical research. The great English astronomer
Halley, had studied it with the closest care, and with a rigid
application of Newton’s theory, lie reached results quite as satis-
factory as the circumstances of the case rendered possible.

Fortunately, in 1682, another comet made its appearance, to
the study of which Halley devoted himself with a zeal and
suceess, which has justly stamped his name on this remarkable
Lody ; and as our limits forbid an extensive investigation of the
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history and theory of comets, I propose to examine this onc
with that degree of detail, which may convey some idea of the
limits of human knowledge in this complicated department of
scienee

At the suggestion of Newton, IInlley had searched all ancient
and modern records, for the purpose of rescuing any historical
details touching the appearance and aspect of comets, from the
primitive ages down to his own time. On the appearance of the
comct of 1682, he observed ils position with great care, and with
wouderful pains computed the elements of its orbits. He found
it moving in a plane but little inelined to the ecliptic, and in an
ellipse of very great elongation. In its aphelion, it receded
from the sun to the enormous distance of 3,400,000,000 of miles.
He discovered that the nature of its orbit was such as to
warrant the belief that the comet would return at regular inter-
vals of aboul seventy-five vears; and recurring to his historical
tuble of comets, he found it possible to trace it back with
certainty scveral hundred years, and with probability even {o
the time of the birth of Mithridates, one hundred and thirty
yewrs before Christ. At this, its first recorded appearance, its
magnitude must have been far beyond anything subsequently
scen, as its splendour is said to have surpassed that of the sun.

In the years 248, 324, and 399, of the Christian era, remark-
able comets are recorded to have appeared, and the equality of
interval corresponds well with Halley’s comet. In the year
1008, it presented a frightful aspect, exhibiting an immense
curved tail in the form of a scythe. In 1456, its appearance
spread consternation through all Europe, and led to most extra-
vagant acls on the part of the reigning pontiff, who actually
instituted a form of prayer against the baleful influence of the
comet, and thus increased the terrors of the ignorant and super-
stitious. The comet appeared with certainty in 1531, and again
in 1607 ; and from an examination of all the facts, and with full
confidence in his computations, Halley ventured the bold prediec-
tion, that this comet would re-appear about the close of 1758, or
the beginning of 1759.

This was certainly the most extraordinary prediction ever
made, and the distinguished philosopher, knowing that he could
not live to witness the verifieation of this prophetic announce-
ment, cxpresses the hope that when the comet shall return, irue
to his cemputed period, posterity will do him the justice to
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remember that this first prediction was made by an Englishman.
Tu the age when these investigations were made, the theory of
cowels was in its infaney ; and it is believed by those competent
1o form a just opinion, that Halley was the only man living who
could have computed the orbit of his comet.

As the period approached for the verification of this extraor-
dinary sunouncement, the greatest interest way manifested amony
astronowmers, and efforts were made to predict its coming with

Dr. Halley,

areater aceuracy, by compuling the disturbing effeets of the
larger planets within the sphere of whose infiuence the comet
might pass. This was a new and difficult brawch of astronomiceal
science, and it would be impossible to convey the least idea of
the enormous labour which was gone through by Clairaut and
Lalande, in computing the perturbations of this comet through a
period of two revolutions, or one hundred and fifty years.
“During six months,” says Lalande, “we calculated from
morning till night, sometimes even at meals ; the consequence of
which was, that T contracted an illness which changed my con-
stitution during the remainder of wmy life. The assistance ren-
dered by Madame Lepaute was such, that without her we never
should have dared to undertake the enormous labour, in which
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it was neccssary to calculate the distance of each of the two
planets, Jupiter and Saturn, from the comet, separatety for cvery
degree, for one hundred and fifty years.”

Amid all these difficulties, the computers toiled on, until
finally, the period coming on rapid'y for the comet’s return, they
were forced to neglect some minor irregularities, and Clairaut
announced that the comet would be retarded one hundred days
by the influence of Saturn, and five hundred and ¢ighteen days by
the action of Jupiter ; he therefore tixed its perihelion passage
for the 13th of Apvil, 1759, stating, at the same tiwe, that the
result wight be inaccurate ny some thirty days cither way, in
sonsequence of being pressed {uy time, and his having neglected
certain small perturbations.

These results were presented to the Academy of Sciences on
the 14th of November, 1758, and on the 2ith of the fullowing
December, George Paliteh, an amateur peasant astronomer,
caught the first glimpse of the long expected wanderer, which,
after an absence of three-quarters of u century, once more
reburned to erown with tiinmph the great English astronomer
who first foretold its period, sad the emiment French mathe-
waticians, who had actually eompuated its peribelion passage to
within nineteen dayg in seventy-six years !

Tlcre, then, was a nevwe world added to the solar system, linked
to the sun by the immutable law of gravitation : sweeping out
into space to ihe amazing distance of 3,500,000,000 of miles ;
lost to the gaze of the most powerful telescope, and yet traced
by the human mind through its vast and hudden career, with an
accuracy and precision, from which there was no escape. The
very small error of nineteen days in Clairaut’s computation
strikes us with astonishment, when we remember the iinperfect
state of analytical science at that day, and the fact that two
planets, Uranus and Neptune, which have since been discovered,
were then not even suspected to have any existence.

The magnificent displuy which had marked some of the early
returns of Halley’s comet, and which produced such consterna-
tion among all classes, the educated as well as the ignorant, were
not presented during its appearance in 1758. This was owing
in part, to the unfavourable position of the earth in its orbit at
the time of the comet’s perihelion pussage. The vast trains of
light which are.sometimes seen to accompany comets are only
displayed in their approach to the sun. They attain their
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greatest splendour while the comet is in the aet of passing its
perihelion, and as it recedes inlo space, the tail fades away, from
two causes : an actual diminution from condensation, and an
apparent decrease on account of increased distance.

As the comet, when near the sun, moves with increased
veloeity, it occupies, in general, only a short period in passing
through the limits of distance from the sun within which any
train of light is developed. It may happen that at one return of
the same comet, the carth may occupy a point in her orbit,
during its perihelion passage, which may be very near to the
comet, and thus afford an opportunity ot witnessing ils appear-
ance at a short dictance ; while, on the next return, the earth
being at a remote part, of its orbit, while the comet is passing
the sun, it may be seen only with great difficulty, or even
hecome quite invisible. Lf, therefore, astronomers were obliged
to depend upon a uniform physical appearance of comets at their
suceessive returns, to determine their identity, there would
searcely be the slightest chance of ever recognising even a single
one among the many thousands which are sweeping through the
regions of space.

"The interval from 1759 to 1835, when Ialley’s comet ought
to make its next appearance, had witnessed extraordinary
changes in astronomy. The methods for computing plauctary
perturbations had been greatly improved; the planet Urrnus
had been added to the system, and more accurate masses of the
larger planets, especially of Saturn, had been obtained. Twenty-
five years before the close of the comet’s period, its return
commenced to intercst astronomers, and prizes were offered by
two academies for the most perfect theory of this remarkable
body. Baron Damoiseau and M. Pontccoulant were the suc-
cessful competitors for the two prizes, althongh several other
astronomers undertook and completed the task of computing
the planetary perturbations. Although the cowmputers diifered
slightly in the time of the perihelion passage, the difference was
due to the imperfection of the data employed, rather than to
any defect in the methods of computation.

For the expected return in 1835, ngt only was the perihelion
passage computed, but the exact route of the comet among the
fixed stars was wrought out with surprising accuracy, and the
precise point towards which the telescope must be directed at
the time when the comet would first attain the limits of visibility.
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Strange, and almost incredible as it must appear, guided by
these predictions, M. Dumouchel, director of the observatory ot
the Roman College, on the evening of the 5th of August, 1835,
fixed his telescope in the position indicated by computation,
and, on placing his eye to the tube, lo! the comet appeared, as
a faint and almost invisible stain of light on the deep blue of
the heavens.

Again did science triumph, in the most remarkable manner,
and the computed orbit of the comet was followed by it with
the most surprising accuracy. The perihelion passage was
predicted to within nine days of its actual vecurrence ; a most
astonishing approximation to the truth, when it is remembered
that this body, far as it penetrates into space, never, even at the
remotest point of its orbit, escapes from the sensible influence
of the plauet Jupiter. Moreover, at that time, the new pl.met
Neptune, was unknown, and its influence over the comet could
not be taken into account.

It iy interesting to remark the confidence with which awm .
nomers relied on Halley’s comet for information relating to
those bodies which inhabited the regions of space exterior to
the known limits of the solar system. It was urged by every
computer that the orbit of this comet would one day come to
be so perfectly known, that the perturbations due to the recog-
nised bodies of the solar system might be computed with such
precision, that the residual perturbations might be pronounced
to be the effect of unknown planets or comets circulating in the
distant regions of space. This conjecture has been realised,
although by different means, and a planet is now added to our
system, which revolves in an orbit so vast as to circumscribe
within its limits the entire sweep of the comet; and as the
orbits of Neptune and Halley’s comet are inclined under an
angle of only 15° or 16° a time will come when the perturba-
tions experienced by the comet when at its aphelion, from
Neptune's influence, may be so great, that, but for the fortunate
discovery of the cause, would have fa.lsiﬁed, in the most unac-
countable manner, the predictions of the comet’s return by
future astronomers. During its late return, the finest telescopes
in the world were employed in a critical examination of the
physical condition of Halley’s comet. Elaborale drawings have
been made by M. Struve, the distingunished director of the
imperial observatory at Pulkova. Russia, with the grand refract-
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ing telescope under his charge, and also by Sir John Herschcl,
at the Cape of Goud Hope, with a 20-feet reflector of superior
power. To these beautiful drawings reference will be made
hereafter.

The most‘wonderful changes in the maumtude and tigure of
the comet were observed to .
take place from night to
night, and almost percepti-
ble from hour to hour,
under the eye of the ob-
server. The nucleus was
sometimes scen sharp and
strongly condensed, with
more or less nebulous light
around it. Sometimes a
luminous crescent becanie
distinetly visible near the
nucleus, giving to the comet
a most extraordinary ap-
pearance. At onc time M.
Struve saw the comet at-
tended by two delicately-
shaped appendages of light
of a nost graceful form,
the onc preceding, the other
following the mnucleus of
the comet. At other times it was scen to be surrounded by
a sort of semicircular veil, which, extending backwards, was lost
m a double train of light, which flung itself out to a vast distance
from the body of the comet.

Leaving, for the present, the consideration of the physical
constitution of these eccentric bodies, we proceed to the cxamni-
nation of a remarkable object, which bears the name of Encke's
comet, in consequence of the discovery by this learned astro-
nomer that its orbit was elliptical, and its period of revolution
so short, as to fall fairly within the limits of perpetual
examination.

"0 1818, a comet was discovered by Pons, not at all remark-
able .or its magnitude, for it was even invisible to the naked
eye ; but when the attempt was made to represent its places by
a parabolic orbit, which had thus far been invariably applied to

Su Jd 1 Heisehel, Bart, F.R
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the comety, it was found impossible to assign any elongated
orbit which would embrace the observed positions of the comet.
After a very elaborate investigation, Professor Encke at length
reached the conclusion that the orbit was not a parabola, but an
ellipse of comparatively small dimensions, and that this comect
was actually revolving around the sun in a period of about three
years, This discovery excited a great deal of interest, for it
was the first im which a shor! period had been detected, and
efforts weme at once made to identify the new member of the
snlar system in its preceding revolutions. Olbers determined
its identity with a comet which appeared in 1795, and subse-
quently amcertained that another, which had been observed but
twice in 1786, and from which observations no elements could
be compused, could be no other than the new comet of that
period. In this way, ebservations on this interesting object
were obtajmed, stretchimg through some thirty-three years, or
about tem of its revolmtbema This extended series of observa-
tions farmished the des fora exitical examination of the elements
of the comet’s orbit, smd Professor Tincke, having discussed them
with elaborate cape, seached the astonishing conclusion, that the
magnidude of the ewbit was gradually diminishing, the periodic
time growimg shorter foora revolution to revolution, and that
the comet was certainly falling nearer and nearer to the sun!
To account for this extraordinary phenomenon, the learned
astronomer, having exhausted all causes known to exist in the
solar system, finally, with much hesitation, announced the theory
of the comet’s molion in a resisting medium. The existence of
such a medium was in direct opposition to all the received
doctrines of astronomy, and the absolute necessity for its use in
this instance was looked upon by astronomers with feelings of
strong distrust. Dut Incke urgued that such a medium might
exi f such excceding tenuity, as not sensibly to affect the
ts of the pouderous planets, while a filmy mass of
such as this comet undoubtedly was, might be very
S retarded in its original velocity, which would diminish
continually the centrifugal force, and give to the central attrac-
tion of the sun a constantly increasing power, which’ would
produce precisely the phenomena exhibited by the comet.
With these views, Encke predicted the re-appearance of the
comet in 1822. In consequence of its great southern declination
at that period. it escaped all the European obscrvers. and was
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only seen at Paramatta, by Rumker. The approach to the sun
was in some degree confirmed by these observations, but it-was
impossible to reconcile all the observations with the hypothesis
of a medium of given density. The return in 1825 was not
favourable fdr deciding the question, which had now become one
of the deepest interest.

Its re-appearance in 1828-9 was awaited with great anxiety by
the friends and opponents of the new theory. ' The comet came
round, and passed its perihelion approximately in accordance
with the predictions, but the discrepancies from 1819 up to
1829, with any theory, were so greut, as to give much perplexity
to thosc engaged in the computations. After long and patient
examination, the cause of this diffieculty was finally detected.
The plane of the comet’s orbit makes but a small angle with the
orbit of Jupiter, and when the comet is m aphelion, or farthest
from the sun, it always approaches very mear to the path
deseribed by the planet.

‘A time may then come when Jupiter shall be in the act of
passing that part of its orbit very near to the aphelion point of
the cometary ellipse, while the comet occupies its aphelion,
bringing thesc bodies into close proximity, and producing exces-
sive perturbations in the movements of this almost spiritual
masgs. Such, indeed, was the configuration between the returns
of 1819 and 1829, on which occasion the comet was delayed in
its return to its aphelion by nearly ninc days, by the powerful
attraction of Jupiter. Under these circumstances, any error in
the assumed mass of the planet would exhibit itself in an
exaggerated form in the perturbations of the comet. But it was
believed in the outset of this investigation, that the mass of
Jupiter, employed by Laplace in his theory of the planets, and
computed by Bouvard, could be relied on as accurate. Indeed,
Laplace had applied the ealculus of probabilities, and had found
that there was but one chance ut of eleven millions that the
mass he had adopted could be in error by the one hundredth
part of its value.

Suspicion, however, having been aroused with reference to the
mass of Jupiter, efforts were at-once commenced to sift thoroughly
the matter, and three different computers of high reputation
undertook the determinatiom of Jupiter's mass by different pro-
cesses, Fncke obtained a mass from the perturbations of the
small planet Vesta, Nicolai from the perturbations of Juno, and
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Airy re-examined the original measures of the elongations of
Jupiter’s satellite, made new measures, and thus obtained new
data for the resolution of the problem of Jupiter’s mass. The
results obtained by the three astronomers agreed in a most
remarkable manner, and proved incontestably that Laplace’s
value of the mass of this planet was in error more than four
times the hundredth part of its value, and that, instead of
requiring 1,070 globes of the magnitude of Jupiter to balance
the sun, only 1,049 were necessary.

With the new mass of Jupiter it scemed possible, by admitting
a resisting medium, to account for all the perturbations of
Encke’s comet, and for a time this theory seemed to receive
greater consideration from distinguished men. The appeatrance
of Halley’s comet in 1835 again threw great doubt over the
subject, for it was found impossible to reconcile the movements
of the two comets with any assumed density of a resisting
medium. Some have been disposed to adopt the idea that the
revolution of the planets for ages in the same direction, in this
supposed ethereal fluid, has impressed upon it a certain amount
of motion in the same direction, and that those comets which
chance to revolve with the current will be found to be operated
upon differently from those which may happen to come into our
system in a direction opposed to the current.

I confess, frankly, that my own mind has always revolted
against the doctrine of a resisting fluid. There are so many
ways in which the single phenomenon of the gradual approach
of Encke’s comet to the sun may be accounted for, without
resorting to an hypothesis which involves the entire destruction
of the planetary system, whose perpetuity has been so effectually
provlded for by the great Architeet of the universe, that it would
require the most uneqmvoca.l testimony to secure the full consent
of my own mind to the adggtion of this remarkable theory. It
is proper, however, to-say, thiat it has long been received with
favour by men to whose judgment I am generally disposed to
yiel h implicit tonfidence.

g the farther consideration of this subject for the
present, we proceed to the examination of another comet of
short period, which has excited great attention, especially in its
recent return, As early as 1805, Professor Gauss, in computing
the elemen of the orbits of the comets of that year, found one
which to complete its revolution in about six years.



THE ORBS OF HEAVEN. 161

This comet, however, was lost sight of, and it was not until 1826
that M. Biela discovered the same comet .on its return to is
perihelion. This discovery appears to have been the result or
computation, but how far the mvest:gatmn was carried I have
never been able to learn. ~ -

The same object was also dmcovemd byM. Gambart about
the same time, who, on fixing its elements, found that it per-
formed its revolution abput the sun in an ellipse, with a period
of six and three-quarter years. This eomet, like Encke's, is only
1o be scen with the telescope. It presents no solid. or even well
defined nucleus, and appears to be a mere vapoary mass, of
exceeding tenuity. Taking into account the disturbing influence
of Jupiter, the returns of Biela's comet, as predicted, agreed well
with observation, and gave confidence in the theory on which’
thu predictions were founded.

The return in 1832 excited the liveliest interest throughout
the civilised world, in consequence of the fact that it was dis-
covered from computation, that on the night of the 29th of
October, this comet would pass a little within the earth's orbit,
and those unacquainted ,
with the subject received
the impression from this
announcement, that the
earth and comet would.
come into collision, pro-
ducing the most terrific
consequences. Such was
the consternation excited,
throughout. the city or
Paris especially, that the
Academy of Sciencesfound &3
it necessary to give to the . .
subject their serionaatten- .
tion, and finally. gave the : .
matter in chamge to M.
Arsgo, who produced an .. ..
elaborate report on the M. Arago.
subject of comets gener-.
ally, which served to calm the:popular apprehension, and has
proved to be a valuable add:tion to our knowledge on this
difficult subject. M
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In this report, M. Arago showed that the comet would indeed
ercss the earth’s track at the time predicted, but at the moment
of orossing, the earth would be some ffty-five millions of miles
dietant from the point ocoupied by the comet, and could not
experience the slightest possible influence from such a body, at
such a distanee.

If the comet had been delayed in its approach for thirty days

. by any disturbing cause, then indeed the earth and comet would
have filled at the same time the point where their orbits inter-
sect, and the dreaded eollision would have taken place. The
consequences of such a #hock it is impossible to conjecture ; but
reasoning from the known physical condition of the comet, none
of the terrible disasters so generally anticipated would have
occurred. The exceeding rarity of the matter composing this
body may be inferred from the statements of 8ir John Herschel.
“ It passed,” says he, ¢ over a small cluster of most minute stars
of the 16th and 17th magnitude ; and when on the cluster pre-
sented the appearance of a nebitla resolvable, and partly resolved ;
the stars of the ¢luster being visible through the comet. A more
striking proof could not have been offered of the extreme trans-
lucency of the matter of which the comet consists. The most
trifling fog would have effaced this greup of stars, yet they con-
tinued visible through & thickness of. cometic matter, which,
calculating on ite distance and appsrent diameter, must have
exceeded 50,000 miles, &% deast toward its cemtral parts. That
any star of the cluster was centrally covered, is indeed more
than I can aseert ; but the gemeral bulk of the comet might be
said to have passed sentdally owr the group.”

Such is the nature of the bedy from whose contact the ignorant
apprehended the mowt fegriltl remvulsions. Olbers, who studied
the eubject with great edre, was diepesed te think that in case
the earth had passed ‘dimegtly through the comet, no incon-
veniense wonld have gomited, and 10 -changs beyond a slight
influence on the olimate would hive been experienced.

It is uscless to speculate with reforence to the probable con-
sequenees of & collision, which there is scarcely one chance in
millions can ever occur. Secience bas as yet dscovered mo
guarantee for any planet against the possible shock of a comet ;
but an examination of the delicate adjnstments of our owp
system, snd those of Jupiter and Saturn, would seem to indicate
to us that in all past time no derangement has ever oceurred
#rom such a cause,
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The last return of Biela’s comet was. marked by a phenomenon
anexampled, so far as I know, in the history of these wandering
bodies. True to the predictions of Samtini, the comet first became
visible on the evening of the 96th-of November, 1843, and in the
precise point which had been assigned by theory. De Vico, the
director of the ohservatory at Rome, was the first to catoh a
glimpse of the expected comet. Nothing remarkable in its
appearance was noticed until abaut the 29th of December, when
Mr. E. C. Herrick, of New Haven, pointed out to several friends
what he regarded to be a sort of amomalous tail, but shooting
out from the head of the comet in a direction entirely at variance
with the usually received theory, that the tail is always opposite
to the sun. In this supposed tail a kiod of /no¢ was noticed,
brighter and more condensed thas any other part. Owing to
insufficient optical power, the true character of the phenomenon
was not fairly deteoted by Mr. Hervick.

On the night of the 12th of January, 1848, Lieut. Ma.ury, in
charge of the observatory at Washington, United States, dis-
covered that what had hitherto appeared as a single body, was
actually composed of two distinct and separate comets. This most
extraordinary fact was immediately announced, and the double
character was_ observed at all the principal observatories in
Europe and the Unijted Statea. There can be no doubt what-
ever as to the reality of the appeayance. The comet actually
became double, and the two parts, bound together by some
inscrutable bond, continued their swift jowrney through space,
pursuing almost exactly the route predicted for the single comet.

From measures obtained by Professor Challis, of Cambridge,
England, on the 23rd of Jamuary, 1846, the two comets were
separated from each other by a distanée equul to about one-
thirteenth the apparent diamster of the sun. On the 28th of
the same .month, Sir John Harschel wecords the following
notices :—* The comet was evidently domble, congisting of two
distinet nebulse, & larger and & smallpr ene, both round, or nearly
80 ; the one in advance faint and immall, snd not much brighter

.jn the middley the one which followed nearly three times as
bright, and one and a half times larger in diameter, and a good
deal brighter in the middle, with an approach to a stellar

On the evening of the Sth of February, having returned to the
observatory at Cincinnati, after an absence of more than two
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months, T had an opportunity of beholding, for the first time,
these wonderful objects, with the twelve-ineh refractor. The
moen was nearly full, and yet the comets were distinctly visible,
both included within the limits of the field view of the instru-
nient, and separated from each other by a distance equal to about
the eighth part of the sun's diameter. The preceding comet was
evidently the brighter of the two.

Clouds prevented a continuous examination of the comets from
night to night, but on the evening of the 21st of February, I was
surprised to find a remarkable change in the relative brilliancy
of the two parts, On that evening the following comet was very
decidedly brighter than its companion, and from observations
made elsewhere, the change of relative brightness seems to have
been effected about the 13th or 14th of February. The change
was observed by Professor Encke, of Berlin, as early as the 14th.
On the evening of the 21st of February, beth comets exhibited
distinet trains of light, extending from the sun, and in directions
parallel to each other. The centre of the nucleus of each comet
was brighter than the swrrounding portions, but there was ro
stellar point vigible, The nebulosity of the two points did not
intermingle,

The distance between the comets increased from day to day,
until, on the 25th of February, they were separated by an amount
equal to 445 seconds of are, or between a fourth and fifth part of
the sun’s diameter, A paxt of the increase of distance was only
apparent, arising from the approach of the comets to the earth,
but the comets were actually receding from each other while
pursuing their rapid flight through space.

Nether did the line joining the central points of the comets
remain parallel to itself, From the 23rd of January to the 11th
of February, this line shifted its position by an amount of angular
motion equal to 8°, as iy shown by & comparison of the measures
of Challis and Encke. By the 21st of February, this angular

ion had been nearly destroyed by a retrograde movement,
thus the comets were seen to oscillate about each other
according to some mysterious law which has never been revealed.
Such is a brief sketch of the phenomena presented by Biela’s
comet in its late rétun, Its next appearance will be looked for
with deep interest; to confirm or destroy certain theories which
have been propounded to explain its duplex character.
‘While the periods of the -comets which we bave thus far con-
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sidered are comparatively short, those of others which have
visited our system have been ascertained to extend to many
thousands of years. The great comét of 1811, one of the most
brilliant of modern times, in consequence of its remaining visible
for nearly ten months, gave amplé ‘opportunity for the investigs-
tion of the elements of its drbit. After a careful investigation,
M. Argelander fixes its pexiod of revolution at 2,888 years
Bessel had examined the same subject previously, and probably
with less attention, but obtained a period even greater'than
Argelander’s, amounting to 3,383 yesys.

The comet of 1807 also occupied the attention of Bessel. A
long series of observations furnished the data for computing its
elements. The periodic time was fixed at 1,543 years. These
computations are necessarily only approximate. The difficulty
of obtaining accurately the periodic time increases with the
length of the period, and all that can be done is to fix a limit
below which it cannot fall. These vast periods give to us the
means of learning somewhat of the great distance to which
these objects penetrate into space. The comet of 1811, having
a period probably three thousand times greater than that of our
earth, must revolve at a mean distance from the sun of more
than 80,000,000,000 miles, and in comsequence of its very near
approach to the sun at its perihelion, its greateat distance cann
fall below 160,000,000,000 miles !

Great as this distance is, it is perfectly certain that there are
many comets which revolve in orbits far more extensive than
the one described by the comet of 1811. Indeed, there seems to
be no limit to the distance to which these bodies may sweep
outward from the sun ; and their return depends simply on the
fact whether they recede so far as to fall within the attractive
influence of some other sun, towards which they begin to urge their
flight, and through whoss: tywmofplmeh they carry the same
apprehensions of danger which have been caused in our own.

In reflecting on -these singtilsh objects, we are led to inquire-
what they ave, whence their origin;'and by what laws are the.
vast trains of light which odcasionally distinguish them deve~
loped. Arago divides comets.into three classes, with refe
to their physical. constitution, He thinks they
appear round, and with well defined | discs, sh
them to be solid opaque bodies, in all respects resembling planets

and only differing from theés in the'greaf ecoentricity of theis-
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ovhits. In comfirmation of this opinion, he ssserts that
cowmets have been s to transit the sun, and when passing
between this lumisiary and tie eye of the spectator, they appear
round and black, dike the plaveta Meroury and Vepus, when
seen under the samie vireumstances, .An example of this kind
oocewnred on the 18th of November, 1828, when the transit of a
comet hcross the sun was wimmd by two persons, widely
separated from ewch other,

A second class of oonrets wnpmhen& those in which there is
1 nucleus, but devoid of epacity, permitting the light to pene-
trate through even that portion which may possibly be solid.
The third claes, and that by far the most namerous, comprehends
those comets destitute entirely of any solid nucleus, consisting of
matter so attenuated as to eonrpare fairly with nothing of which
we have dmy knowledge on the esrth’s surface. The comets
named from Fncke and Biils appearto belong to this class ; and
even Halley’s comet, according to the opinion of Sir J ohn
Herschel, seems, at its -last retutrn, to have been entirely turned
into vapour in its perihelion passage.

No theory, with the exception of Laplace’s nebular hypothesis,
has ever been framed to explain the origin of these wandering
bodies. This is not the place to enter into a full development of
this subject. A few hints only-can be given. Laplace, following
up the speculation of Sir William Herschel, applied the theory
of that astromomer to the forsaation of the solar system, compre-
hending the comets, as well as the planets and their satellites.
This theory sapposes that the origimal chaotic eondltion of the
matter of all suns and worlds was meébulous, likp the matter
composing the tails of comets. Under the laws of gravitation,
this nebulous fluid, scattered thromghout sl space, commences to
condense towards-certain centres. The particles amoving towards
these central points, not wieeting with Oqua.l welotities, and in
opposite directions, a metion of rotwtion is generated in the
entire fluid Taszs, wlnch in -Bgute uppmuhmhes the spherical
form.

The apherieal figtue once fovmd,emd rotation commench, it
is mot' difficult o donceive how » Eystem of planets might be
produced from this wotwting masi, corresponding, in nearly all
respects, to thb churasteristics which distinguish the planets be-
longing to cur own system. If, by radiation of heat, this nebulous
mass should graduallywontratt in size, then & well-known law of
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rotating bodies would insure an increased welocity of rotation.
This might continue until the centrifagal fores, which increases
rapidly with the velocity of the meyolving body, would finally
come to be superior t0-the, forceof gyavity st the equator, and
ﬁomthuregzonabeltbfnebulouﬂmd%lﬂ&mbe detached,
in the form of a ring, which would be left in space by the
shrinking away of the central globe. The ring thus' left would
generally coalesce into a globular form, and thus would present
a planet with an orbit mearly, i nob quite, circylar, lying in
plane nall'lymim 'with ‘the, plane of the equator ofthe
central body, and, mmmmﬁ&hahmm in
which the sentral globe rotates on its.axis.

As the globe gmd‘uhy contracta, it velocity of rotatiss won-

+tinually incrensing, anothir ring of -saaiter saay-be: Shrown off,
and anothyr planet formed, and so on, uniil the eobasion of the
particies of the contral meis wmay Sanlly bo abls 40 pesist any
further change, and the process ceases. ..

The planetary masses, while in the ot af ooolmg and con-
densing, may produce satellites in the same anner, and by the
operation of the same laws by which they were themselves
formed. Strange and fanciful as this speculstion may appear,
there are many facts, which tend strongly to.give it more than
probability, It accounts for all the great fewtures of the solar
«ystem, whieh, n its organisation, presents the most indubitable
svidence that it has reswlted from tba’opemﬁon of some great
48w,

Thesunrotates onanaxmmtho msdmet.wnmwhmhthe
planets revolve in their orbits’; the planets .all rotate on their
axes in the séne divection ; they all cirenlate srund the sun, in
orbits nearly circular, in. the same dirsction, and in planes nearly
cvincident with.the plane of the sun's equator. The satellites of
all the planets, with one sisigle exeeptioh, revolve in orbita
nearly circular, but. little inglined to the: equators of their
primaries, and in the same diveqkin. ax . the planets. So far s
their rotation on axes has béen astertained, they follow the
goneral low. In onesinatasiosajons we. fndithe rings of matter
have solﬁaﬁdw»m&ﬁmm up or becoming
globular bodies.: This is fonnd. in the sings of Saturn, whidly
present the very:charasteristios ‘which would flow from thaist:
formation mrdhem&heme&ngﬂamry They are flat and’
thin, and revolve on en axis wly,xfnatam&ly,comnw
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with ths axis of their planet. Their stability, as we have seen,
is guaranteed by conditions of wonderful complexity and delicacy,
and the adjustment of the rings to the planet, (humanly speaking,)
would seem to be impossible after the formation of the planet.
At least it is beyond bur power to conceive how this could be
gecomplished by any law of which we have any knowledge,
and we must refer their structure at once to the fiat of
Omnipotence.

Teletcopic appearance of Saturn in December, 1860. ,
(Beale, 20 seconds of aee to one inéh )

Grunting the formation of a single sun by the nehular theory,
and we account at ence for the formation of all other suns and
systems througheut all space ; and aceording to the advocates
of this theory, the comets have their origin in massts of nebulons
matter occupying positions intermediate between two or more
great centres, and held nearly in equilibrio, until, finally, the
attraction of some one centre predominates, and this uncondensed
filmy mass eommencas slowly to descend towards its controlling
orb, This theory would seem to be sustained, so far as a single
truth con sustain any theery, by the faet that the comels come
into our system from all posible directions, ahd pursue their
courses around the sun either in ascordanee with or opposed to
the directions in which the planets circulate. Their uncondensed
or nebulous condition results from the feeble central attraction
which must necessarily exist ia bodies composed of such small
quantities of matter. Moreover, in spme cases at least, there is
reason to believe, thatin their peribelion paseage they are entirely
dissipated into vapour by the power of the sun’s heat, and may
thus revolve for ages, geing threugh alternate changes of solidi-
fication and evaporation.

But whence come the enormous trains of light which sometimes
sttend these wandering bedies 1 The last return of Halley's
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eomet has furnished the data for the positive illustration of this
mysterious subjgot. Bir Jehn Hergchel, after a careful and most
elaborate examination of all the physical characteristics of this
comet, comes to the comelusion. that the figare of the comet,
envelope and tail, could not be a figure of equilibrium under the
law of gravitation, He is therefore compelled to bring in a
repulsive force to explain the phenomena.

I cannot do better than quote his own language in this bold
introduction of a new power. Nor let any one be startled at
the assumption of stich a repulsive forae. as here supposed. Let
it be borne in mind that'we are dealing,'in. the bails of comets,
with phenomens nttar!y incompatible with our ‘ordinary notions
of gravitating matter. If they be miaterial in that ordinarily
recsived. sense which assigns to them.only ineytia and attractive
gravitation; wha:\e, I would ask, is+-the force whieh can carry
them round mwmwd‘ﬂhm&eﬂs,ma&mctmn
pointing contifually from the sun, in the manner of 'a rigid rod,

ept round by ‘some strong directive power, and in contraven-
tion of all the laws of planetary motion, which would require a
slower angular motion of the more remote particles, such as no
attraction to the nucleus could gwe them, be it ever so intense ?
The tail of the comet of 1680, in five days after its perihelion
passage, exiended far beyond the earth’s orbit, having, in that
brief interval, shifted its angular position uearly 150°. Where
can we find, in its gravitation either to the sun, or to the nucleus,
any cause for this extravagant sweep 1

« But, again, where are we to look, if only gra.vitybe admitted.
for any reasopable account of its projection outward from the sun,
putting its enguler motion out of the question 3 - Newton cal-
culated thatthe matter composing its upper extremity quitted
the nucleus. only two. days previous tu 1ts arriving at this
enormous distance.” -

Herschel argues the madequmy of gmntaﬁtm to account for
these wonderful phenomena. The velodity with which the matter
composing thae tail shot forth from the head of the comet, from
the sun, was far greater than that which the sun could impress
on a body falling to it, even from an infinite distance. An
energy of a different kind from gravitation, and far more power-
ful, must exist, to produce such results. If, then, we are foreed
to the admission that a power exists in the sun capable of
repelling matter of a certain quality existing in comets a way is
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opened for the explanation of some of the most difficult
problems with which the mind has been obliged {o contend.

The diminution of the periodic time of Encke's comet has led
some astronomers to adopt the idea of the existence of a resisting
medium But in case ¢he sun posmesses the power of repelling
the matter of comets in their perihelion passage, a part of the
matter thus repelled may be driven antirely beyond the attractive
influence of the nueclous, and be irresoverably lost. In this case,
a diminution of mass would inevitably involve a like diminution
of periodic time, a contraction of the arbit, and all the phenomensa
presented by this mysterious object. Hexschel even thinks it
possible, on this theory, to account for the separation of Biela’s
comet into two distinct objests, and it appears to me that it
presents the most reasomable explamation of the lumincus
appearance geen at certain seasons of the year, called the
zdiacal light. This phenomenon appenrs to be a ring of nebulous
matter surrounding the eun, and some of whose particles are
sustained at & much greater distange than could be accounted
for by gravitation. .Admitting the repnlsive power already
adverted to, there is no difficulty in understanding how this
nebulous ring may be sustained at & vast distance fram the sun.

Here we freely admit that we enter the confineq of the un-
known. We have left the solid ground of truth and certainty,
aund are pushing our investigations into the dim twilight of the
invisible amd uncertain. But as anti predicted that the
time would come when the comets be traced in their
career, their periods revealed, and their orbite ascertained, so we
may confidently hope that, at no very distant day, all the myste-
ries which hang around these chactic worlds will be fully
revesled, and a knowledge of their physical condition shall
reward the long study and decp research of the human mind.

o= =



LECTURE IX.

THE SCALE ON WHICH THE UNIVERSE IS BUILT.

y HUS far our attention has been
# directed to an examination of the
{ achievements of the human mind
§ within the limits of our own peculiar
| system. We have swept outward
from the sun through the planetary
worlds, antdl we have reached the
frontier limits of this mighty family.
Standing upon the latest found of all
| the planets, at a distance of more
Bl than 3,000,000,000 of miles from the
sumn, we are able to lock hackwards,
and examine the worlds and systems
' whichareall embraced within the vast
circumference of Neptunme's orbit.
An occasional comet, overleapmg
this mighty baundamy, snd flying swiftly past us, bunes itself in
the great abyss of space, to return after its “long journey of a
thousand years,” and report to the inhabitants of earth the
influences which have swayed its movements in the invisible
regions whither it speeds it flight.

The magnificence and complexity of the great system of
planets, and satellites, and coniets, which constitute the sun’s
retinue, the immense magnitude of some of these globes, their
periods of revolwtion, and reciprocul action, would seem to
furnish a suflicient exercise, not only for the highest intellectual
efforts, but for the entire energy which the human mind can
exert. But the whole of this stupendons scheme. as we shall
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soon see, is but an infinitesimal portion of the universe of God,
one unit among the unnumbered millions which fill the crowded
regions of space. Standing at the verge of the planetary system,
we find ourselves surrounded by a multitude of shining orbs,
some radiant with splendour, others faintly gleaming with
beauty. Thé smallest telescopic aid suffices to increase their
number in an incredible degree, while with the fall power of the
grand instruments now in use, the scenes presented in the starry
heavens bec.ne actually so magnificent as to stun the imagina-
fion and overwhehn the reason. Worlds and systems, and
schemes and clusters, wniu universes, rise in sublime ,erspective,
fading away in the w.uathomable regions of space, until even
thought itself fails in its efferts’to plunge across the gulf by
which we are separated from these wonderful objects,

In our measurements within the limits of the solar system, the
radius of the earth’s orbit has sufficed for a unit with which to
exhibit the distances of the planets and comets. Great as is this
unit, measuring no less than 985,000,000 miles, we shall soon find
it far too minute and insignificant to serve in our researches
with reference to the grand scale of the visible universe. To
obtain comprehensible ideas with reference to the imterstellar
spaces, we shall be obliged to call to our aid a unit, not ezactly
of distance, but of velocity ; and before entering on the full
exhibition of the main object of this lecture, permit me to direct
your attention to a remarkable Jiscovery, by which the important
fact has been revealed, that light does not pass instantly from a
luminouvs body to any remote object on which it may fall, but
with a progressive motion, whose actual velocity has been ascer-
tained. The important bearing of this discovery will become
apparent a8 we advance in our examination of the sidereal
heavens.

After the motions of the four moons of Jupiter had been suffi-
ciently observed to construct tables of their movements, with a
view to predict their eclipses, some unaccountable phenomena
presented themselves, which, for a long time, bafiled all efforts to
explain them, It should be remerhbered, that the orbitof Jupiter
encloses that of the earth, and when the two planets happen to
be on the same side of the sun, and in a straight line passing

through that hey are then at their least distance from each
other, and to be in conjunction. New suppose Jupiter

to remain statidhary, at the end of half a year the earth will
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have reached the opposite point of her orbit, and will now be
more distant from Jupiter by an amount equal to the diameter
of her orbit, or nearly 200,000,000 miles. Retaining carefully '
these positions in the mind, we shall follow the facts about to be
presented with the greatest ease.

It was found that these eclipses of Jupiter's satellites, which
occurred while the earth and planet were at their least distance
from each other, always came on sooner than the time predicted
by the tables ; while, on the contrary, those which took place
when the planets were most remote from each other, occurred
{ater than the computed time. A still more extended examination
of these remarkable phenomena demonstrated the fact, that thes
discrepancies depended evidently on the absolute increase and
decrease of distance which marked the relative position of the
planets in their revolutions around the sun. For a long time, no
explanation of these undeniable truths could be found, until the
mystery was finally solved by Roemer, a Danish astronomer,
who, with admirable sagacity, traced these irregularities to their
true source, and found that they arose from the fact that light
travelled through space with a finite and measurable velocity.

The explanation is simple. When Jupiter and the earth are
at their least distance from each other, the stream of light
flowing from the satellite of the great planet traverses a shorter
space 1o reach the eye of the observer on the earth, by nearly
200,000,000 miles, than when the planets are most remote from
each other. In case, therefore, this stream is in any way cut off,
it will run out sooner in the first than in the second position, by
the time required to pass over the diameter of the earth’s orbit.
The stream of light is actually shorter, by 200,000,000 miles, in
the first than in the second position of the planets.

Now the satellites of Jupiter receive their light from the sun;
they reflect this light to the earth, and when the body of their
primary is interposed between them and their source of light,
they are eclipsed ; their light is cut off; its flow is interrupted ;
and when the stream of light starting from them at the instant
the supply is cut off shall have run out, then, and not till then,
does the satellite become invisible. This explanation accounted
for all the phenomena in the most beautiful manner.

The tables had been constructed from the mean of a great
number of observed ecliptes. Hence, those which took place
while Jupiter and the earth were nesr to each other, would
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happen earlier than prediction ; while those taking place when
the planets were at their greatost distance, would occur later
than the time given by the tables. But the velocity with which
this mysterious, subtle, intangible substance called light, flew
through the regions of space, as determined by this wonderful
theory, was so great as to startle the minds of even its strongest
advocates, and to demand the most positive testimony to induce
the belief of those disposed to scepticiem. It was found to
traverse a distance equal to the entire diameter of the earth’s
orbit, or 190,000,000 miles, in about 16 minutes! giving a
velocity of 12,000,000 miles per minute, or 192,000 miles in each
second of time !

It is not our purpose to enter into any investigation as to the
true theory of light, whether it be an actual emanation from a
luminous body of material particles, or whether it be a mere
vibratory or undulating mation produced by luminous bodies on
some ethereal mediwmn. My only objeot, at this time, is to assert
the undoubted fact, that in case e luminous body were to be
suddenly called into being, and located in space at the distance
of 12,000,000 miles from the eye of an ohserver, who was on
the look out for its light, this light would not reach him until
one minute after the creation of the object ; and should it suddenly
be struck from existence, the same observer would behold it for
one minute after the extinction.

Should sny mind revolt from these statements, should the
difficulty of the investigation, and the incredible velocity of light,
demand higher and better evidence, before full faith can be given
to the theory, I can only say that this evidence shall be given
before we close this discussion, and with a fullness and clearness
which shall set all doubts at defiance.

I now proceed to an examination of the great problem of the
parallax of the fixed stars, a problem which has taxed the inge-
nui’f the greatest minds, and which has called into requisition
the most admirable skill for & period of more than three hundred
years, A famjliar explanation of the dature of this problem may
prepare the way for a rapid sketeh of the various means which
have been employed in its solution. If it were possible to measure
on the edrth’s surface a base line of & thousand miles in length,
by locating an obperver at each extremity of this base, with
instruments suitable to fix the moon’s pldce among the fixed
stars, the telescopes of those twa observers, directed to the moon’s
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But the stars of heaven do hot move. Seen from any point,

and at any time, theirplaces are ever the same, fixed, immutable,
eternal; we bright and lving witnesses of the extravagance and
absurdity of this new and impoesitle theory ! ‘To this reasoning,
whick was well founded, and without sophistry, the Copernicans
sould only reply, that such was the enormous distance of the
sphere of the fixed stars, that no perceptible change was occa-
sioned by the revolution of the earth in its otbit. But this was
mere assertion, and the opponents met the statement by this very
plain exhibition of the case. You who believe in the doctrines
of Copernicus assers that the earth revolves on an axis, which, as
it sweeps round the sun, reivaing ever parallel to itself This
axis prolonged meets the celestial sphere in a point called the
north pole. « Wow a8 the earth deperibes an orbit of mnearly
200,000,000 miles i Mlatneten, ity axis prolonged will cut out of
the sphere of ths heavens a curve of equal dimensions, and the
pole will appear to revolve and successively ll every point of
this celestial curve in the course of the year. Now the north
pole does not revolve in guy such curve; it is ever fixed, and
your theory is false. The Copernican eonld only reply, that all
the premises were true, but that the conclusion was false. The
pole of the heavens did revolve in just such a curve as stated,
but sich was the distance of the sphere of the fixed stars, that
this curve of 200,000,000 miles in dismeter was reduced to an
invisible point !

Three hundred years have rolled away since this controversy
began. The struggle has been long and srdunous, The mind,
bafled in one directien, has divected its energies in another:
failing in one mode of research, it devises another, and thus
struggling onward for three long cenuries, it at length triumphs,
The facts are developed, and the tauth of the grand theory of
Copernigus is vindicsted and established, apd the accuracy of
these incredible statrnents is proved in the &t manuer.

As this discussiop gxhibits, clearly and beautifully, the pro-
gressive advanpes of human gepius, I shall be pardoned for
enteri soie X into an exafination of the various

have hean made to vesolve the problem of the
parallax of th fixed wiara, Indeed, the distance of the nearest
fixed sbegis to Biecome theamit of measure with which we are to
traverse the innumerable Wwerlds and systems by which we are
snvounded, and on the accumaey with which it shall be deter-
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mined wil' depend the corrvectness of the survey which we are
soon to make.

Fuiling eptirely in obtainiug any parallactio angle with a base
line of 8000 miles iu length, the earth was employed to transport
the observer from the first point of observation to a distance of
190,000,000 ‘miles, there again to erect his telescope, and to
«<end up his second visual ray to the far distant star, in the hope
of finding a parallactic angle with a base of such enormous
extent.

Permit me to illustrate the nature of this investigation.
Suppose from the centre of & plane a solid granite.rock, deep
sunk and immaveabie, rears #ts head far above the mists and
impurities which float in the lower air, Ascending to the sum-
mit, the astronowmer hews out some rough peak into the form of
a vertical shaft. To this solid shaft he bolts the metallic plates
which shall bear his telescope, The instrument is of a size and
power commensurate with the grand objeets which it is required
to accomplish. Placed in a position such that its axis shall be
exactly vertical, it is sorew-bolted and iren-bound to the solid
rock, with fastenings which shall hold it from: year to ycar, fixed
and immoveable as 1is rocky bage,

To give more pertect precision to his work, the astronomer
places in the focus of his eye-piece two delicate lines made from
the spider’s web, of a minuteness almost mathematical, which, by
crossing at right angles, form a point of the wtmost precision
exactly in the axis of the telescopé. These are in like manner
fixed immoveably in their places, and now tle machincry 1s pre-
pared with which the observations are to be eonducted

Suppose the observations to coxsmence to-night. On placing
the eye to the telescope, and looking direetly up to the zenith, a
star enters the field of the instrument, an borne asong by the
diurnal motion of the heavens, advandes towartds the central point
determinedl by the intersection of the spider’s lines, In passing
across the field of view, s minutd diametsr is exactly bisected
by one of these delicate lines, and the exqet moment, to the
hundredth part of 4 sebapd of time, is nated at which it passes
the central point. This observation oompleted with all possible
precision, in case o changs in the apparent place of the star is
produced by the revolution ef the sarth in its orbit, or by any
other cause, on each successive njght throughout the entire yeax
the same phenomena will be repeated in the same precise order,

N
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‘When the hour comes round, the star will enter the field, thread
the spider’s line, and reach the central point at the same precise
instant, mg,mnhermght,mfwa ﬂwwndrew!@!hms of the
earth on its uxis. .

Such, then, is the delitate means wpmyed in the examination
of the problem of the parallax of the fixed stars ; and nearly in
this way did Bradley, the grest English asbrmm, prosecute

N this intricate investigation.
) If any change in the star's
‘place is occasioned by the
‘revolution of the earth in
s orbit, sweeping, as it does,
- the spectator round the eir-
cumference of a track nearly
200,600,000 miles in diame-
tem, it is eagy to compute,
not the amount, but the
direction in which these
changes will be accom-
plished. These computations
were made by the astrono-
mer, and all things being
prepared, he comsmenced the
series of obsexrvations which
were te lead to the most
important results. The dis-
covery of absolute fixity in the stay would be a great megative
result, and any changes, 'no maiter of what kind or character,
could pot fail to be detected.

Night after night was the uﬁrmommfumd at lus post, and
s the months rolled elowly away, he began to perceive that his
star, which, for a long time threaded the gpider's line as it was
in the sct of passing thaﬁaldat’thsmmpe, began slowly to
work off from this liné,at. last absolutely separating iteelf from
it, and failing to réach the central peint of the field at the precise
instant first recérded. It soon beeame minifest that seme gause
or eamummpatﬂmg 0 produce &n apparent change in the
place of the star'; but what was the astonishment of Bradley to
find that the chamges in ‘quéstion cpuld mot be produced by
parallax, for the motions detected were almost precisely opposite
te those which would arise from this eause,
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Long years of laborious examination were finally rewarded
with two of the most brilliant discoveries ever acsomplished by
human skiff and genius, The Brst of these démanstrated tho
fact that the sun and moeun were so bperating on the protuberant
matter at the enrth's equstor, as to cxmie the axis of the earth
to oscillate or revelve i a minute orbit, nodding to and fro
under the influence of the corfigurations of thess two controlling
bodies, and following, in the most absolute manner, their relative
positions, The effect of this variation, called nufation, is to
cause all the stars to appear alternately to approach and receds
from the pole. The real effect is to meve the pole by the same
amownt.

The value of this change has been determined with the utmost
precision, and although its entire effect doss not shift the pole
over a greater spuce than the fourth part of the ppparent diawmeter
of the planet Jupiter, its values, an dedticed by different astro-
nomers, and by different processes, scareely differ by the fraction
of a second of space. As a specimen of the adeuraty attained in
these delicato moasurements, T will give three valies recently
obtained by the Russian astronomeys. M. Buso}; from Bradley’s
observations, obtains the value $".2320; M. Idendhal, from
observations at Dorpat, finds the value §".1361 ; M. Peters, from
right ascensions of Poralis, observed at Dorpat, fixes the value
at 9".2164. The mean of the three values is 9°.2231, the higheat
difference from whith is less than the tenth part of one second
of are. ‘

Valuable as was this discovery, it was #btually surpassed by
the importance of the second, for which we ars in like manner
indebted to Bradley, This second phenomenon consisted in an
apparcnt movément of all the fixed stars iy a minute orbit, which
was accomplished Tn & year for every iftdividua), and showed, in
the most absolute manter, that it & ed in some way on the
orbitual revolution of the earth, For a long time, the true
explanation of this phenorhenon, which Biadley saw at once was
not parallactic, eluded his highest sagieity. Potent thought and
perseveritig reflection Were, however, at last triumphant, and an
explanation was finally reached, nidt only of the most satisfactory
kind, but involving uothing Jess'than an sbsolute démonstration
of the orbitusl motion of the earth, and a full confirmation of
the velocity of light, whowse prodigious swiftness had staggered
the faith of many anxlbus to credit so marvellous & statement,
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A few words will suffice to explain these phenomena. If we
admit the progressive motion of light and the revolution of the
earth in its orbit, it is manifest that the celestial bodies will not
ocoupy in the heéavens the places they appear to fill. Take, for
example, the planet Jupiter, and even suppose the planet to be
fixed, The telesoope is directed to this object, and the light
from the plenet, streaming through the axis of the instrument,
reaches the eye of the ohserver, and produces the visible image
of the planet. But these very particles of light have occupied
nearly forty mjnutes in passing fromn the planet to the eye of the
observer. Durmng these forty minutes, the earth has progressed
in its orbit some 37,000 miles, and the spectator on the earth,
borne along with it, must see the planet, not where it actually is,
but where it was in appearance some forty minutes before. The
same effect, in kind, is produced on the places of the fixed stars,
and is called aberratios. Undeistanding, now, that some effect
must arise from these causes, (the velocity of light and the motion
of the earth,) let us endeavour to render its natnre clear, and the
results palpable. To accomplish this, we must resort to the
fimplest means of elucidation.

Suppose a person were on the deck of & boat floating down the
current of a river at any given rate per hour. As he moves
steadily down the stream, he catches gight of an object on the
shore, through which he proposes to semd a rifle ball. The
marksman will not aim directly at the object. Why 1 Because
be knows that the rifie ball will partake of the boat’s motion,
and will be carrjed down, after it leaves the gun and before it
reachies the mark, a distanee equal to the progressive motion of
the hoat during the time of flight of the ball. To strike the
mark he must therefore make this negessary allowance, and am
ahove it the required quantity. It is readily seen that the faster
the boat moves, the greater will this allowance be.

Now reverse the proposition, and suppose a rifle fired on shor,
and so directed as to fire & ball down #he barrel of & gun o
moving boat, Jn eage the two rifles ave on the same exact level,
und the axes of the barrels come precisely to coincide, it might
be supposed, if the fixed one i fired at the exact instant the
muzzles come precisely opposite o each other, that the ball from
the one will pas¢ down the other. But this, from a moment’s
reflection, is found to be false. The fixed rifle must be fired
befove the moving gne cormes opposite, and the allowance must
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be made by knowing how long the ball requires to move from
the one gun to the other, and with wiat velocity the moving
piece is dessending. This computationgpeing accurately made.
the ball from the shore might be made to enter the muzzle of
the moving rifle ; but while it is progressing down the barrel,
the barrel itself is progressing down the stream, and hence, to
avoid the pressure of the ball against the upperside of the barzel,
we must fix it in an inclined position, and the bottom of the
barrel must be as far up the stream as it will descend by the
boat’s motion during the progress of the ball dawn the barrel
Hence we see that the direction in which the barrel of the rifle
wach is to receive thy ball is to be placed, is determined by the
velocity of the ball, and the velocity of the boat which bears the
nifle.

Now for the application. The particles of light coming from
the fixed starg are the balls from the fixed rifle. The boat cor-
responds to the earth sweeping around in its orbit, and bearing
with it the tube of the astronomer, down whose axis the particles
of light must pass to reach the observer’s eye. The velocity of
the earth’s motion is well known, and the amount by which the
telescope must Le inclined, to canse the light to enter, has been
accurately determined, and from these two data the velocity
the light itself becomes known, and contfirms, in the most satis-
factory manner, the previously determine:l value of this incredible
velocity, while the reality of the earth's motion is absolutely
necessary to render the phenomena at all explicable.

Such were the beautiful results reached by Bradley; and
although nothing was gained with reference to the parallax, these
preliminary discoveries were in themselves of the highest value,
and prepared the way for subsequent observers, who with better
means and more delicate instrumental aid, might prosecute the
same great investigation.

Amid the numeraus and diversified 2esoarches of Sir William
Herschel, the problem of the parsllax of the fixed stars could
not fail to engage his attention, by its difficulty and importance.
He devised a new means of prosecuting this research, which
seemed to promise the most certain success. In his exploration
of the heavens with his powerful telescopes, he discovered the
curious fact that many fixed stars which to the unassisted eye
appear a8 single objects, under the space-annihilating power of
the telescope, are seen to consist of two, sometimes of three or
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reore, individual stars, so close to each other that to the naked
eye they blend into a stogle object.

Herschel, in the ouifet, cemceived that this preximity of the
stars was an accidental cireumstance, and that where & pair
conld be found in whieh one individual was about double the
other in magnitnde, it might reasonably be inferred that the
smaller of the two was fwice a8 deeply sunk in space as the
larger. If this hypothesis eonld be shown to be true, then would
these objects present an admirable means of detecting with the
greatest accumaoy any chamge in their velative positions, occa~
sioned by the habitual motion of the earth, In case their
proxunity was optieal, or merely occasioned by the fact that the
vigual ray drawn to the one passed nearly throngh the other, it
is manifest that, shifting greatly the position of the observer,
the stars might be made to open out or close up on each other,
or even the one revolve about the other. In employing this
mode of Imvestigatlion, the objeets of eompazison fell within the
field of view of the same telescops, and almost all extraneous
sources of error were eliminated,

Such was the plan devised, or rather perfected by Herschel
{forr his predecessdrs had already suggested it), and on the prose-
eution of which he entered with the zeal which ewer distingmshed
this great astronomer. When he commsenced his researches,
some half-dozen double stars had been discovered and recorded.
His first duly waa to increase this number as rapidly as possible,
and from his entire eatalogue to select those beat adapted to his
purpose. Under his penctrating glance, the number of these
ourious duplex objects increased with astonishing rapidity, and
bhe was himeelf startled with their frequext ocgurrence. How-
ever, with & mind fixed on his oviginal design, he selected a large
number of paira, of sueh rvelative magmitudes, and in such
positions, as promised the most certain enecess. Let it be
remembered that many of these delicate cbjects were not divided
£rom each oftber by a spuen greater tham the thousandth part of
the sun's dismeboy,

To ascertain the apparent chatsge in the relative pasitions and
distanoes of the wtars composing these pairs, Herschel messured,
with every ear¢; the distance which separated them, and took
the dislietion of the Yine drawm from the centre of the one to the
centre of the ether. Variations of distance and position occa-
sionw] Yo stiintiax, were eusily cemputed im kind and character
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and the great astronomer commenced and prosecmted his obser-
vations with sanguine hopes of success. ' One thing was certain;
all parallaetic movements would hawe s period of one year, since
they arise from the annual vevolution of the earth in its orbit ;
and at the emd of this period the sbare composing the double
sets oughttoretumtothepmﬁmmmd&tvhewtset
What was Herschel's astonishment to find that, in many
instances, the stars composing these pairs were actually in
motion ; but the movement was certainly nof of a parallactic
kind, for it meither agreed in direction nor im-peried with the
effects of parallax. Here was another grand discovery ! These
double stars, which were scattered thronghout the heavens, with
far greater profusion than accidental. eptical proximity could
warrant, were found to be magnificent systeros: of revolving suns.
They were united by the law of gravitation;. and exhibited the
wonderful spectacle of stupendous globes, noving in obedience to
the same influences which hold the planels in theiw orbits, and
guide the comets in their eccentric career: This is not the place
to enter into detnil concerning these wonderfal objscts.

‘While a new fisld of investigation, beundless and magmificent,
was opened up to the human mind ; while tie. great discoverer
of these far-sweeping suns was morethan rewarded for his toil
and labour, the original object of hie rescarch was not only left
unattained, but the methed selected with so much reasonable
hope of suceess, became wutterly inapplicable, The parallactic
and-absolute motions of, the systems of stars became so inextri-
cably involved, that the imperfect - miepometrical means of
Herschel could mob separate- them..

Thus far, the efforte to obtain thsdistanmofthe stars had
been unavailing: A negative:solution had indsed been reached.
That their distance was enormous, was: made evident from the
fact that the parallam Bad remsined insensible even under the

“most careful and delicate ‘istrumental tests. Any absolute
solution-began almost to be ‘despaived.off when hope was again
revived Wiy the magnificend refracting telescopes, for which the
world' waér indebted to the skill. and geniny of the celebrated
Frauenbofer; of Munich. This great, artist, aided by the profound
science oﬁM oontrived: and executed an instrument of extra~
ordinary power, andespmﬂy»adap%ﬁ to: the reseatah ﬂ)rthn
parallax of thedfized stars

Armed with & micrometrical appa.mtm of wm&ezfa! p&’fe«bmn,
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and capable of executing measures .of great, as well as minute
distances, the telescope was so arranged as to be carried forward
by delicate machinery, with a velocity exactly equal to the
diurnal motion of .the object under examiuation. To give
some idea of the delicacy. of the ‘contiivanoces with which these
great telescopes have been provided, it is only necessary to state
that the micrometer of the great Refractor of the Cincinnati
observatory is capable of dividing .an_inch into 80,000 equal
parts! When mechanical ingentity failed to construct lines of
mathematical minuteness, the spider lent his aid, and it is with
his delicate web that, these measures are. accomplished. Two
parallel spider’s webs are adjusted in the focus of the eye-piece
of the micrometer; and when the light of a small lamp is
thrown upon them, the eye, on looking through the telescope,
sees two minute golden wiyes, st.rught and beautiful, drawn
across the cemtre. of the field of view, and pictured on the
heavens. ;t{hese are within the control of the observer. He can
increhse or dqcrease their distance at pleasure, and so revolve
‘them as td bring them into any position, every motion being
accurately measured by properly divided scales, .
Suppose, then, it is desired to take the distance and position of
‘the Stars forming a pair. Thetelewopemdlroetadtothem,and
they are brought to the centre of the field of view. The clock-
work is set in action ; it takes up the ponderous instrument,
weighing more than 2,600 pounds, and with the most astonishing
accuracy it bears it onward, keeping its mighty eye fixed on the
object under examination. The qbserver is thus left with both
hands free to make his measurgs, He first revolves his micro-
.meter spider’s lines round until ‘one of them shall exa.ctly pass
‘from centre to centre of the two stars. This position is noted,
.and from it is deduced the. angle formed. by this line with the
mendmn He then revolves.them a quaster of the circumference
they are, then, perpendiular to thejr. forter position. He
separates .the mm untﬂ the .one shall exactly bisect one
atar, while the ofher wmepwes through the centre of the second
star, reading thm@islmoe on the proper scale,. He has-fixed, in
these two obnrmons, the position and distance of the.two
components of the double get. 'Such is the. precision attained
in this work, that the most minute, motions cannot. escapo
.detection, If the mra separaté from each other at so slow
a rate that a million of years would be required to perform
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the circuit of the hetvens, their motxon would be detected in
half a year!

With machinery more dehcate ‘even than this, and better
adapted to the purpose, and of a kind somewhat different, Bassel
once more renewed the search after the unattainable parallax of
the fixed stars. His great instrument, called the keliometer, was
mounted as early as 1829, but a multitude of causes, and some
unsuccessful efforts, delayed his principal operations up to
August, 1837. Three great principles guided him in his selection
of 61 in the Swan, as the star on which to perform his obser-
vations. First, it was affected by a very great proper motion, a
characteristic which we will explain fully hereafter, and which
indieated it to be among the nearest of ‘all the stars. Secondly,
it~ duplex character adapted it especially to the instrument he
was about to employ. Thirdly, the region occupted by 61 Cygni
contains a number of minute stellar points, close to the double
star, and presenting admirable fixed points, to which the relative
motions of the two eomponents of the star to be memred might
be referred.

‘With these ndvantu.ges, and a magnificent mstm‘ment, Bessel
commenced his observations, e measured the distance from
the centre of the line joining the two stars, to two of the swmal
stellar points, which served him as points of reference; and
this kind of observation was repeated night after night, when-
ever the stars were visible, from the middle of August, 1837, up
to the end of September, 1838. The entire series of observations
wag then taken and corrected for every possible known error,
and in case any apprecthz change rema.med it could only be
attributed to parallax. - -

After a most careful a.nd elaborate investigation, a variation
commenced to' show itself, increasing precisely as parallactic
variation ought to increass, and diminishing as it ought to
diminish. The period of these changes 'was precisely a year,
and in al] particulars there was an exdist correspondence in kind
with the changes which bught to-be proditced by parallax. But
such was their minute eliaracter that Bessel hesitated.

During ancther' year the’-cbservations were repeated. The
same results ¢ame out, and the previous values were confirmed.
A third year's ohservations, yielding precisely the same values,
removed all doubt, and the great Koeningsburgh philosopher

announced to the world that he bad passed the impassable gulf
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of space, and had measured tha distance to the gphere of the
fixed stars! But how shall I convey any adequate idea of this
stupendons distancs 1  Millions.and millions of miles serve only
to confound the mind. Let us employ a differant kind of unite

Light, as we have seen, trawels with a wvelecity of 12,000,000
miles in every minute of time. Hence, to reach us from the
most remote of all the planets, Nepimne, whose distance from the
sun is about 3,000,000,000 miles, will require & jeurney of about
four hours ; buk to wing ifa flighti aeross the interval which
separates cur sun from 61 Cygni, will require a peripd not to be
reckoned by houxs, or by days, or by months. Nearly ten years
of time must roll away befove ifs light, fiying in every second
192,000 mules, can complete its mighty journey! If the mind
revolt at this conclusion, if the distancs be too great for com-
prehension, if the scale of the universe thus suggested even
stagger the imagimatios, I can only eay that all subsequent
observation has confirmed in the most satisfactory manner the
aceuracy of Bessel's results. This preat astronomer first led the
way acrosssthe mighty gulf which separates us from the fixed
stars. The distance once passed, the route has bacome compara-
tively easy, and succeeding observers have determined the paral-
lax of a sufficient number of staxs to show that their results are
entirely trust-worthy:

Having now succeedsd in gaining & kmowledge of the distance
which separates our sun from ite remete ecompanions, we are
prepaved to extend our explorations of the universe. The question
naturally arises, how are the stars distributed throughout space ?
are they indiffevently seattared inv all directions, or are they
grouped together into magnificent systems ? A owrsory exami-
nation of the stsrry heavens with the naked eye shows us, that
so far as the larger stars sas, eoncemmed, they do not appear to
have beenr distributed in the celeptinl sphere asvording to auy
daterminate law ; but on applying the telescope, that luminous
zone whicly vader the nata of the Milky Way, girdies the whole
heavens, jo found to be compesed of minute atars, scatéered
like millions of dinmond points om the deep blme grvomnd of
the sky.

8ir Williesmy Hepschel oompaived the iden that it might be
possible to fathim. this mighty ocean of stars, and to determine
its metes and bounds ; tio give it figure, and bo circumseribe its
limits, Dt will met be difficult to explain, in a few words, the
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general outline of the plan adopted by thiu extraordinary man in
the prosecution of this wonderful undextaking. In case we admit
that the stars are of equal maguitudes, and at equal distances
from each other, it would not 'be difficnlt. to ascertain how far
they extended in- any given diveetion, the-one bebind the other.
Tt is wmanifest, that in examining the heavens with a telescope of
given power and aperture, we shall be able to count more stars
in the field of view in those regions where they are so arranged
as to veach farthest back into space ; and in case we know their
absolute distance from each other, the number counted in any
field of view will determine with accuracy the length of the
visual ray reaching to the most remote star visible in that
field.

Now, although the hypothesis that the stars are of equal mag-
nitude, and are uniformly distributed through space, may not
be rigorously true, yet doubtiess the mean distances are not far
from this hypothesis ; and although our results msay only be
approximate, yet as such they are to be relied upon, and they
become the more interesting as they carry us to the utmost
limits of human investigation. Armed with his mighty telescope,
Sir William Herschel commenced the stupendous task of seund-
ing the heavens, with the purpose. of ascertaiming whether the
stars composing the Milky Way were unfathomable, or were
bounded and circumseribed by definite limits.

Sweeping a circle round the heavems whieh eut this grand
stratum of stars in a direction nearly perpendicular to its circum-
ference, he directed his great telescope to a certain number of
points along this circle, and as he moved slowly onward, counted
all the stars visible in each field of view. It was fair to concluds,
that wherever most stars were to be seen, there was the stratum
deepest. Having gone entirely around the heavens, along the
circumferenee of his ¢ircle, he had'scunded the depth of the stars
along a section of the Milky Way, and 4o obtain the figure of
the section thus cut out was not » diffienlt matter,

He assured a cemiral point on paper to represent his point of
observation. He then drew from whis point lines radiating, and
in the actual directions which he bhad given to his telescope while
enganged in his explorations: . Om' each: of these indefinite lines
he laid off a distanee proportioned to the muwmber of stars
counted in the fie}d of view in the direction which the line
represented, and by joining these peints thus determined, he
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formed a figure which represented the relative depths to which
he had penetrated into space ; and in case he could be certain
that he had gone absolutely through the stratum in every
instance, and had grasped every star, even where the extent was
most profound, the figures thus constructed would represent the
form of the line ¢ut from the outside boundary of the Milky
Way by the plane of the circle in which the explorations had
been made.

Did he then actually penetrate the deepest portions, or any
portion of the Milky Way? This was now his grand question,
and to its decision he gave all his power and ingenuity. Asa
unit wherewith o measure the space-penetrating power of his
telescopes, he assumed the power of the human eye, and knowing
that stars of the sixth magnitude are within the reach of the
unaided eye, he concluded, from the law regulating the decrease
of light, that these minute stars were twelve times more distant
than the nearest or brightest stars. Now, a telescope having an
aperture such as to concentrate twice as much light as the eye,
would penetrate into space twice as far, or would reach stars of
the twenty-fourth order of distances, and so on for telescopes of
ell sizes. In this way, he concluded that his great forty-foot
reflector, with a diameter of four feet, wonld penetrate 194
times as far as the naked eye, or that it would still see a star of
the first magnitude, if it were carried backward into space, 2328
times its present distance !

Such, then, was the computed length of the sounding-line
employed in gauging these mighty depths. Suppose, then, it
was required to determine whether this line actually penetrated
any given region of the Milky Way. Even with a single tele-

"scope, a series of experiments may be performed which go very
far to determine this great guestion. As the space-penetrating
power of a telescope depends on the dlameter of its aperture, it
is easy to give to the same instrument different powers, by
covering up, by circular coverings, certain portions of its object-
glass. Take eircles of paste-board, or any other suitable material,
and, in the first, cut an opening one inch in diameter, in the
second an opening of two inshes, and so on, up to the diameter
of the object-glass. These diaphragms being successively applied
to the object-glass, give to thetelescope space-penetrating powers
proportioned to the diameter of the openings,

" In this way, Herschel prepared himself to explore one of the
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deepest portions of the Milky Way. The spot selected was a
nebulous or hazy cloud in the sword-handle of Perseus, in which,
to the naked eye, not a solitary star was visible. I have many
times examined the same object, which is certainly one of the
most magnificent the eye ever beheld. With the lowest tele-
scopic aid, many stars are rendered visible, surrounded by a hazy
light, in which minute glimpse points are occasionally to be scen.
As the space-penetrating power was increased, the bright spots
of light were successively resolved inte groups of brilliant stars,
and more nebulous haze came up from the decp distance, indi-
cating that the visual ray was not long enough to fathom the
mighty distance. At last the full power of his grand instrunent
was brought to bear, when a countless multitude of magnificent
orhs burst on the sight, like so many sparkling dianiouds on the
<vep blue of the heavens. There was no haze behind ; the tele-
scopic ray had shot entirely through the mighty distance, and
the clear deep heavens formed the back-ground of the briliiant
picture,

Thus did Herschel penetrate to the limits of the Millky Way,
and send his almost illimitable sounding line far beyond, iuto the
vast abyss of space, bonndless and unfathomable. And now do
you inquire the depth of this stupendous stratum of stars?
The answer may be given, since we have the unit of measure iu
the distance of sturs of the first magnitude. Light, wilh its
amazing velocity, requires ten years to cume to us from the
nearest fixed stars, and yet Sir William Herschel concluded,
from the examinations he had been able to make, that in scine
places the depth of the Milky Way was such that no less than
five hundred stars were ranged one behind the other in a line,
each separated from the other by a distance equal to that which
divides our sun from the nearest fixed star. So that, for light to
sweep across the diameter of this vast congeries of stars, would
require a period of a thousand years at the rate of 12,000,000
miles in every minute of time !

The countless millions of stars composing the Milky Way
appear to be arranged in the form of a flat zone or ring, or
rather stratum, of irregular shape, which I shall explain more
fully hereafter. Its extent is so great as properly to form a
universe of itself. If it were possible, to-night, to wing our
flight to any one of the bright stars which blaze around us
sweeping away from our own system, until planet after planet
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fades in the distance, and finally the sun itself shrinks into a
mere star, alighting on a strange world, that circles round a new
and magnificent sun, which has grown and expanded in our
sight, until it blazes with a magnificence equal to that of our
own, here let us pause and look out upon the starry heavens
which now surround us.

‘We have passed over sixty millions of millions of miles. We
have reached 8 new system of worlds revolving about another
sun, and from this remote point we have a right to expect % new
heaven, as well as a new earth on which we stand. But, no.
Lift up your eyes, and lo ! the old familiar constellations are all
there. Yonder blazes Orion, with his rich and gorgeous belt ;
there comes Arcturus, and, yonder, the Northern Bear circles
his ceaseless journey round the pole. All is unchanged, and the
mighty distance over which we have passed is but the thousandth
part of the entire diameter of this grand cluster of suns and
systems ; and although we have swept from our sun to the
nearest fixed star, and have travelled a distance which light
itself caunot traverse in less than ten years, yet the change
wrought by this mighty journey, in the appearance of the heavens,
is no greater than would be produced in the relative positions ot
the persons composing this audience to a person near its centre,
who should change his seat with his immediate neighbour !

Such, then, is the scale on which the starry heavens are built.
If, in examining the magnificent orbits of the remoter planets,
and, in tracing the interminable carcer of some of the far-
sweeping comets, we feared there might not be room for the
accomplishment of their vast orbits, our fears are now at an end.
There is no jostling here ; there is no interference, no perturba-
tion of the planets of one system by the suns of another. Each
is isolated and independent, filling the region of space assigned,
and, within its own limits, holding on its appointed movements.

Thus far we have spoken only of the Milky Way. In case it
be possible to pierce its boundaries, and pass through into the
regions of space which lie beyond, the inquiry arises, What meets
the vision there ? What lies beyond these mighty limits§ Does
creation cease with this one great cluster, and is all blank beyond
its boundary ? )

Here, again, the telescope has given us an answer. When we
shall have travelled outward from our own sun, and passed, in a
straight line from star to star, until we shall have left behind us,
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m grand perspective, a series of five hundred suns, we then
stand on the confines of our own great cluster of stars. All
behind blazes with the light of countless orbs, scattered in wild
magmificence, while all before us is deep, impenetrable, unbroken
darkness. No glance of human vision can pierce the dark
profound.

But suizmoning the telescope to our aid, let us pursue our
mighty journey through space ; far in the distance we are just
able to discover a faint haze of light, a minute luminous cloud
which comes up to meet us, and towards this object we will urge
our flight. We leave the shining millions of our own great
cluster far behind. Tis stars are shrinking and fading; its
dimensions are contracting. It once filled the whole heavens,
and now its myriads of blazing orbs could almost be grasped
with a single hand. But now look forward. A mnew universe,
of aslonishing grandeur, bursts on the sight. The cloud of light
has swelled and expanded, and its millions of suns now fill the
whole heavens.

We have reached the clustering of millions of stars. Look
to the sght—there is no limit ; look to the laft—there is no end.
Above, below, sun rises unon sun, and system on system, in end-
less and immeasurable perspective. Here is a new universe, as
maguificent, as glorious as our own ; a new Milky Way, whose
vast diameter the flashing light would not cross in a thousand
years. Nor is this a solitary object. Go out on a clear cold
winter night, and reckon the stars which strew the heavens, and
count their number, and for every single orb thus visible to the
naked eye the telescope reveals a universe, far sunk in the depths
of space, and scattered with vast profusion over the entire surface
of the heavens.

Some of these blaze with countless stars, while others, occu-
pying the confines of visible space, but dimly stain the blue of
the sky, just perceptible with the most powerful means that man
can sumraon to the aid of his vision. These ohjects are called
clusters and nebule ; clusters, when near enough to permit their
individual stars to be shown by the telescope—nebulx; when the
mingled light of all their suns and systems, can only be seen as a
hazy cloud. ‘.{» l

Thus have we risen in the orders of creation. We commenced
with a planet and its satellite; we rose to the sun and its
revolving planets a magnificent system of orbs, all united inte
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one great family, and governed by the same great law ; and we
now find millions of these suns clustered and associated together
in the formation of distinct universes, whose number, alrcady
revealed to the eye of man, is not to be counted by scores or
hundreds, but has risen to thousands, while every increase of
telescopic power is adding by hundreds to their catalogue.

Let us now explain these “island universes,” as the Germans
have aptly termed them, and attempt approximately to circum-
scribe their limits, and measure their distances from us, and
from each other. Sir William Herschel, to whom we are indebted
for this department of astronomy, conceived a plan by-which it
was possible approximately to sound the depths of space, and
determine, within certain limits, the distance and magnitudes of
the clusters and nebulee within the reach of his telescopes. To
convey some idea of his method of conducting these most wonder-
ful researches, imagine a level plane, of indefinite extent, and
along a straight line, separated by intervals of one mile each ;
let posts be placed, bearing boards on which certain words are
printed in letters of the same size. The words printed on the
nearest board, we will suppose, can just be read with the naked
eye. To read those on the second, telescopic aid is required ;
and that power which suffices to enable the letters to be distinctly
seen, is exactly double that of the unaided eye. The telescope
revealing the letters at the distance of three miles is threefold
more powerful than the eye, and so of all the others. In this
way we can provide ourselves with instruments whose space-
penctrating power, compared with that of the eye, can be readily
obtained.

Now to apply these principles to the sounding of the heavens.
The cye, without assistance, would follow and still perceive the
bright star Sirius, if removed back to twelve times its present
distance. After this, as it recedes, it must be followed by the
telescope. Suppose, then, a nebula is discovered with a telescope
of low power, and it is required to determine its character and
distance. The astronomer applies one power after another, until

ahe finally employs a telescope of sufficient reach to reveal the
sephrate stars of which the objeet is composed, which shows it
to be a cluster ; andince the space-penetrating power of this
instrument is known, Telative to that of the humau eye, in case
the power is one hundred times greater than that of the eye,
then would the cluster be located in space one hundred times
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farther than the eye can reach, or twelve hundred times mom
remote than Sirius, or at such a distance that its light woula
only reach our earth after a journey of 120,000 years !

Such was Herachel’s method of locating these objects in space
Some are 8o remote as to be far beyond the reach of the mos
powerful instruments, and no telescopic aid can show them other
than nebulous clouds of greater or less extent. It was while
pursuing these grand investigations that Herschel was led to the
conclusion, that among the nebules which were visible in the
heavens, there were some composed of chaotic matter, a hazy,
luminous fluid, like that occasionally thrown out from comets on
their approach to the sur.

Among these chaotic masses he discovered some in which the
evidences of condensation appeared manifest. while in others he
wund a circular dise of light, with a bright nucleus in the centre.
Proceeding yet farther, he found well formed stars surrounded
by a misty halo, which presented all the characteristies of what
he now conceived to be nebulous fluid. Some of the unformed
nebuls were of enormous extent, and among those partially con-
densed, such as the nebule with planetary discs, many were
foun 1 so vast that their magnitude would fill the space occupied
Ly the sun and all its plunets, forming” a sphere with a diameter
of more than 6,000,000,000 miles. Uniting these and many
other facts, the great astronomer was finally brought to believe
that worlds and systems of worlds might yet be in process of
formation, by the gradual condensation of this nebulous fluid,
and that from this chaotic matter originally came the sun and
all the fixed stars which crowd the heavens. This theory,
exiended, but not modified, in the hands of Laplace, is made to
account for nearly all the phenomena of the solar system, and
has been already referred to in a former lecture.

For a long time, this bold and sublime speculation was looked
upon, even by the wisest philosophers, with remarkable favour.
The resolution of one or two nebule (so classed by Herschel),
with the fifty-two feet reflector of Lord Rosse, has induced some
persons to abandon the theory, and to attegapt to prove its utter
impossibility. All that I bave to say, £"that Herschel only
adopted the-theory after he had resol many hundreds of
nebule into stars ; and if there ever existed n reason for accepting
the truth of this remar'kable speculation, that reason has been
scarcely in any degree affected by recent discoveries.

o
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1 have examined a large number of thése mysterious objects,
floating on the deep ocean of space lile the faintest filmy clouds
of light. No power, however great, of the telescope, can accom-
lish the slightest change in their appearance. So distant that
their light employs (in case they be clusters) hundreds of thou-
sands of years in geaching the eyo that gazes upon them, and so
extensive, even when viewed from such a distance, as to fill the
entire field of view of the telescope many times. Sirius, the
brightest, and probably the largest, of all the fixed stars, with a
diamcter of more than o million of miles, and a distanco of only a
single unit, compared with the tens of thousands which divide
us from some of the nebule; and yet this vast globe, at this
comparatively short distance, is an inappreciable point in the

Loid Losse.

objects which, at so vast a distance, fill the entire field of

ﬁd the telescope. What, then, must be the dimensions of
;]
even many times repeated ?
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Ierschel computes that the power of his great refiector would
follow one of the large clusters if it were plunged so deep in
space that its light would require 356,000 years to reach us, and
the great telescope of Lord Rosse would pursue the same object
probably to ten times this enormous distance.

Such examinations absolutely overwhelm the mind, and the
wild drcam of the German poet becomes a sort of sublime
reality :—

“God called up from dreams & men in the vestibule of
Hcaven, saying, ‘Come thou hither, and see the glory of my
hounsc.’ And to the servants that stood around his thronc be
said, ¢ Take him, and undress him from his robes of flesh : cleanse
his vision, and put a new breath into his nostrils; only touch
not with any change hLis human heart—the heart that weceps and
*+.cmbles”” It was done: and, with a mighty angel for his guide,
the msm stood ready for his infinite voyage; smd from the
terraves of Heaven, withowt sosmd or farewell, at cmece they
vwheeled zway into endiess space. Bemetimes with the solemn
flight of sngel wing they fled theough Zaarahs of darkmess,
throngh wildernesses of death, that divided the worlds of lifc;
sometimes they swept over frentiers, that were quickenimg wnder
prophetic motions irom God. Them, from a distance that is
counted only in Heswen, light dwwmed for a time throogh o
slecpy film ; by wamiterstbe pace the light swept to them ; thoy,
by unuttersble pace, to the Rght. In a moment, the rushing of
plancts was upon ¢hem; in a moment, the blaving of wuns was
around them.

“Then came etermities of twilight, that vevesled but wore
not revealed. On the right hand and on the leff, tewered mighty
constellations, theat, by self-repetitions and answers from afar,
that, by counter-positions, built up triumphal gates, whose archi-
truves, whose archways, horizontal, upright, rested, rosc, at alti-
tude by spans {hat seemed ghostly from infinitude. Without
measuye were the architraves, past number were the archways,
beyond memory the gates. Within were stairs that scaled the
eternities below; above was below, below was above, to the man
stripped of gravitating body: depth was swallowed up in height
insurmountable—height was swallowed up in depth unfathom-
able. Suddenly, as thus they rodo from infinite to infinite,
~—suddenly, as thus they tilted over abysmal worlds, a mighty
cry arose, that systems more mysterious, that worlds more
billowy, other heights and other depths, were *toming, were
nearing, werc at hand.
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“Then the man sighed and stopped, shuddered and wept.
His overladened heart uttered itself in tears; and he said,
‘Angel, I will go no farther; for the spirit of man acheth with
this infinity. Insufferable is the glory of God. Let me lie down
in the grave and hide me from the persecution of the infinite;
for end, I see, there is none” And from all the listening stars
that shone around issued a choral voice, ‘ The man speaks truly:
end there is none, that ever yet we heard of!’ ‘End is there
none?’ the angel solemnly demanded : ¢Is there indeed no end?
and is this the sorrow that kills you?’ But no voice answered,
that he might answer himself. Then the angel threw up his
gloricus hands to:'the Heaven of Heavens, saying, ¢ End is there
none to the universe of God. Lo! also there is no beginning.'”

Rolative Telescopic appearance of the Planets.



LECTURE X

THE MOTIONS AND REVOLUTIONS OF THE FIXED STARS

AVING reached, in the course of
the preceding lecture, to the outer-
wost confines of the visible crea~
tion, let us now return home from
this survey of the “island wuni-
verses” which crowd the illimitable
regions of space, to the stars which
\ compose our own cluster, and learn
" how far the buman mind has pro-
gressed in its examination of the
millions of suns, which constitute,
in a more definite sense, our own
Milky Way.

We have. already seen that the
parallax of ¢l Cygni rewarded the
laborious mdextmmdmry efforts
of Bessel. The example set by this great astronomer encou-
raged those who followed him; and while his results in this
particular case have been eonﬁrmed in the most astonishing
manner, the distances of many other stars have been obtained,
until a sufficient amount of data has been accumulated to deter-
mine the approximagte distances of the spheres of the fixed stars
of different magnitudes. Struve estimates the mean distance
of stars of the first magnitude to be 986,000 times the radius of
the earth’s orbit, or so remote, that their light reaches us only
after a journey of fifteen years and a half. Stars of the second
magnitude send us their light¥n twenty-eight years, those of the
¢hird magnitude in forty-three years; while the light from
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stars of the ninth magnitude only reaches the eye of the observer
after traversing space for five hundred and eighty-six years, at
the rate of 12,000,000 miles in every minute of time.

My range of investigation does not permit me to explain at
this time how these extraordinary conclusions have been reached.
The reasoning, however, is close and clear, and the results are
no doubt approximately correct.

Such, then. are the distances separating man from the objects
of his research. To have attained to a knowledge of these dis-
tances even, is sufficiently wonderful, but what we are about to
reveal as the results of human investigation among these far
distant orbs, cannot fail to fill the mind with astonishment, and
demonstrate the great truth, that “ man has been made but a
little lower than the angels.”

Before it became possible te examine with absolute certainty
the places of the stars, with a view to ascertain their absolute
fixity, many diffienlt preliminary preparations kad to be accom-
plished. Instruments of the most perfect kind must be provided,

only in their optical performaneces, but in their space-dividing
machinery. Moreover, the places of the stars, as determined by
the best telescopes, must be corrected for every possible instru-
mental error. The two points to which the stars referred ave
the morth pole and the vernal equinox. In case any motions
belong to these points, their amounts snd direetions must he
ascertained and allowed for. Then the effects of refraction, and
of the aberration of light, were indispensable to a perfect
investigation of the absolute places of the stars.

All these, and many other prcliminary matters, having been
satisfactorily determined, it beeame possible to examine, in the
most critieal manner, the places of the stars, and to learn
whether, indeed (as had been supposed for thousands of years),
their configurations were eternal and unchangeable, or whether
they moved among themselves with a motion rendered so slow
by their immense distance, as hitherto to have escaped the most
serutinising watch. .

Fally armed with the necessary instruments, it did not yequire
many years $o determine the grand truth, that among the tens of
thousands of stars which £ill thaheavens, not a solitary one, in all
probability, is in & state of absolute rest. Many were found to move
so swiftly, that their velocity wae determined even in a single
year ; while others, in consequenmce of their enormous distance,
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may require centuries to detect any appreciable change. In the
putset these extraordinary movements seemed to be directed by
no law ; some stars were sweeping in one direction, and some in
another. Motion, ceaseless, eternal motion, seems to be stamped
on the entire universe; and while the stars are pursuing their
mighty orbits, we cannot resist the idea that our own sun, the
centre of our great planetary system, iteelf a star, must parti-
cipate in the general movement, and is, in all probability, urging
its flight, accompanied by all its planets, satellites, and comets, to
some unkuown region of space.

The revolution of the stars, the organisation of the grand
cluster with which our sun is associated, the demonstration of
the sun’s absolute translation through space, its directiom,
- elocity, and period, are the topics to whieh I invite your atten-
tion in the closing lecture of the present course.

‘Wheun forced to acknowlgdge the rotation of our globe on its
axis, and its swift orbitual motion, snrreunded by wheeling
planets and flying comets, the mind natweslly retreats to the
sun as the great immoveable centre, where it cam yest and con-
template these circling worlds, But evem here, as we shall
presently ece, there is no rest. The sum himself hecomes a
subordinate member of a grander combination. of worlds, and,
obedient to higher influeuce, sweeps avound in' its unmeasured
orbit.

'We shall present a rapid summary of the evidences of change
among the fixed stars, and then proseed to develope the ressoning
by which the direetion and veletity of the sun’s motion in
spacehave been determined.

More than two thousand years ago, the celebrated Greek
astronomer, Hipparchus, was astonished by the sudden bursting
forth of o brilliant stor in a region of the heavens, where none
had previously existel. Up to this time, no doubt of the
immutability of the starry sphere seems to have been enter-
tained ; and while the philosopher gazed and wondered, he
resolved to execute a work, from which posterity might learn
the changes of the celestinl sphere. He undertook and com-
pleted his great catalogue of the places of a thousand
locating them with alf the accuracy permiited by the rude
instruments then in use. Subsequent cbservers, by comparing
their own determined positions of the stars with their places as
fixed on the catalogue of Hipparchus, could readily perseive any
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sensible change which might ocour in their configuration, the
‘appearance of new stars, or the disappearance of those which
had onee existed.

The sudden breaking forth of a new star is a phenomenon of
such wonderful character, that we might well doubt the possi-
bility of its occurrence, if we were obliged to rely on the
historical account transmitted to us from the time of Hipparchus.
But, fortunately, more than one brilliant example of the kind
has occurred in modern times, presenting the most unequivocal
evidence of the reality of this inexplicable wonder.

In 1572, a new star of great splendour appeared suddenly in
the constellation Cassiopeia, occupying a position which had
previously been blank. . This star was first perceived by Schuler
of Wittemberg, on the 6th of August. It was detected by

) ' Tycho, the Danish astronomer,
ongthe 11th of the following
November, and the wonder
preduced by this most extra-
ordinary phenomenon induced
him to give to the star the
most unremitting attention,
Its magnitude increased until
it is said to have surpassed
even Jupiter in splendour, and
finally became visible in the
day time. It retained its
greatest nfagnitude but for a
very short time, when it com-
menced to diminish in bril-
liancy, .changing from white

to yellow, then to reddish,

and finally it became famtlv

blue ; and so, dmnmshmg by deg'rees, it vanished from the sxght
in Mh, 1474, and has never since been seen.

In the year 1604, while the scholars of Kepler were engaged
in obeervations -of Mars, Jupiter, and Saturn, then in' close
proximity to each other, having been interrupted a day or two

[ oy elouds, on the return of fine wea.tbar, Maestlin was astonished
‘to find nenr-the planets then in'the constellation Ophiuchus, a
brillinwt ster, whith certainly had not been there a fow days
before;xwms object atiracted the attention of all the great
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astronomers then living, and was particularly observed by
Galileo and Kepler. It is said to have attained a splendour
equal to that of the planet Venus, and from this, its greatest
brilliancy, it gradually declined, until, about the beginning of
1606, it ceased to be visible, and no telescopic power has since
been able to detect any star in the place once occupied by this
remarkable stranger. ’

Although observed with the greatest care, no sensible parallax
was ever detected in either of these objects, and no doubt exists
1 to their occupying the region of the fixed stars. Many other

Tycho Brahe's house and observatory.

less remarkakle examples are on record, but up to the present
no satisfactory explanation of this remarkable phenomenon has
been given. Whether it indicates the actual destruction of some
magnificent system, or the revolution of these stars in orbits of
great eccentricity, causing them to appear to us, like the comets,
only in the perihelion points of. their mighty orbita;is equally
uncertain. One thing is certain: they present evidence of
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change in the starry heavens of the most startling and irresistible
character.

‘While new stars have occasionally made their appearance, to
astonish mankind with their brilliancy, there are many well
authenticated cases of the entire disappearance of old stars,
whose places had been fized with a degree of certainty not to
be doubted. In October, 1781, Sir William Herschel observed a
star, No. 55 in Flamsted’s catalogue, in the constellation
Hercules, In 1790, the same
star was abserved by the same
astronomer, but since that
time no search has been able
to detect it. The star is gone;
whether never to return, it is
impossible to say. A like dis-
appearance has occurred with
reference to the stars num-
bered 80 and 81, both of the
fourth magnitude, in the same
constellation. In May, 1828,
Sir Jobn Herschel missed the
star numbered 42 in the con-
stellation Virgo, which has
never since been seen. Ex-

Flamsted. amples might be multiplied,
. but it is unnecessary.

In these cases the stars have been lost entirely ; no return has
ever been marked ; and but for the discovery of another class
of remarkable objects among the , no return, wouldd probably
ever have been suspected. If I could direet your attemtion
to-uight to a brilliant star named Algol, in the head of Medusa,
and bring a powerful telescope to aid in your examinations, this
star, while you are watching it, might be seen to lose its
splendour, and from its rank of the second magnitude, to decline
in brightness, until it would scarcely be visible to the naked eye.
Having reached a certain limit, it would commence and ingrease,
and by slow degrees assume its original splendour. This decrease
and increase is actually accomplished in about eight hours.
Haying regained its usual light, it remains stationary for about
two days and a balf, and then repeats the changes already
detailed ; and thus have its periodical fluctustions continued
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since the dato of its discovery, with the most astonishing regu-
larity. The bright star marked Beta, in the constellation Lyra,
is known to pass from the third to the fifth magnitude, and to
regain its light in a period of six days and nine hours. These
are called periodical stars, and a sufficient number bave already
been detected to present a progressively increasing series of
periods from two days twenty hours, up to four hundred and
ninety-four days, and in one case even many years.

Here, again, are phenomena, indieative of extraordinary
activity in these remote regions of space. No explanation of
these changes has yet been given in all respects satisfactory.
Some have attributed them to the existence of dark spots on the
stars, which, by rotation on an axis, periodically present them-
wel ves, and thus dim the lustre of the stars. Others think the
changes are duc to the revolution of large planets about the
stars, which, by coming between the eye and the star, eclipse &
portion of its light ; while a third class conceive the fluctuations
to arise, in some instances at least, from an orbitual motion of
the stars in orbits of excessive elongation, and so located as to
have their greater axis directed towards our system,

It will be seen that this theory may be readily extended so as
to embrace the new stars already referred to, and even to account
for those which had been lost from their places in the heavens,
Here, however, we enter the confines of the uncertain, Centuries
may roll away before the true explanation of these astonishing
changes shall be given ; but the mind is on the track, and with
a steady and resistless movement, is slowly pushing its investiga-
tions deeper and still deoper into the dark unknown.

‘Whijle the phenomena of the new and lost stars, and the
fluctuations in the light of the variable ones, give undeniable
evidence of constant change in what Aristotle was pleased to
call the eternal and incorruptible heavens, Herschel's brilliant
discovery of the orbitual motion of the double stars gave to the
mind the opportunity of determining the nature of the law
which sways the movements in these distant regions of space.
It was natural, in the first efforts to compute the orbits of the
double stars, to adopt the hypothesis that they attracted each
other by the same law which prevails in the planetary system.
Results did not disappoint expectation. 'Gravitstion, which
Newton, in the outset of his great discovery, had boldly affirmed
exerted its inflnence wherever matter existed or motion reigned,



204 THE ORBS OF HEAVEN

was extended, in the most absolute manner, to the region of the
fixed stars. There, at a distance from our own system almost
inconceivable, suns, and systems of suns, rising in orders ot
greater complexity, revolving with swift velocity, or with slow
and majestic motion, bore testimony, ample and unequivocal, to
the truth of the great law of universal gravitation.

Every particle of matter in the universe attracts every other
particle of matter, with a force which is proportioned directly to
the mass, and which decreases as the square of the distance at
which it operales increases. This is no longer a bold hypothesis.
The double stur marked Zeta, in the constellation Hercules, has
been subjected to the analysis of ‘the computer. The elements
of its orbit have been obtained, and, true to its predicted period,
it has actually performed an entire revolution in a period of
thirty-five years. The components of the star Eta, in the
Northern Crown, revolve around their common centre in about
forty-four years. Both of these pairs have completed an entiro
revolution since their discovery. Many others might be named,
but my only object at present is to exhibit the evidence which
shall remove all doubt as to the actual extension of the law of
gravitation to the fixed stars.

Let it be remembered that this department of astronomy is
yet in its infancy. Thousands of double stars have been detected,
and every year adds hundreds to the list. Among these, a
large proportion musi prove to be binary systems, varying in
their periods of revolution, from thirty years or less, up to many
thousands, perhaps millions of years.

The association of two suns naturally suggests the possible
union of a greater number, forming more complicated systems.
This idea has been verified ; a large number of triple systems
has been discovered. In a few instances, quadruple sets have
been found, of which a remarkable example exists in the con-
stellation of the Harp. Here were found four suns, arranged in
pairs of two. The components of the firat pair revolve around
each other in about one thousand years ; those of the second
pair appear to require about double that period, while one pair
revolyges about the other in a period which, determined roughly
fro eir distance, cannot fall much below a million of years !
The €vidence of the physical union of these four stars into one
grand system rests, at present, on the ucerba.med fact that their
proper motions are the same,
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From quadruple systems we rise, by analogy, still higher,
until we find hundreds, sometimes thousands, of atars compacted
together in 80 small a compass that their proximity cannot be
the effect of accident. Look at the beautiful little cluster called
the Pleiades ; an ordinary eye may there see six or seven stars.
One of very great power has been known to count fourteen in
this group, while the telescope increases the number to hundreds;
and yet the space m which they are located might easily be
covered by the moon,

Suppose an indifferent scattermg of the stars through space,
and compute the chances that such & number would fall together
at any one point, and we shall find not one chance out of millions
in favour of such an accident. We are, therefore, forced to the
conclusion that here is & more magnificent order,—~one in which
hundreds of suns, surrounded by their subordinate worlds, are
all united by gravitatiun into one grand system. This is not a
solitary example. Many of these beautiful objects, comparatively
close to our sun, are found in the heavens, leading the mind
gradually up to the contemplation and examination of that
mighty system of systems, that great cluster of clusters, the
Milky Way, of which all these are bui subordinate groupings,
vast in themselves, but when compared with the whole, mere
units amony the millions of which it is composed.

From what we have seen, it is impossible to avoid the conclu-
sion that gravitation exerts its power among the myriads of
shining orbs which strew the Milky Way. The innumerable
suns which form this stupendous cluster must feel the reciprocal
influence of each other; and nothing short of the centrifugal
force arising from orbitual motion can balance this universal
attractive power, and give to this grand system the great
characteristic of stability.

Herschel succeeded, at least approximately, in sounding the
profundities of the Milky Way, and fixed the relative position of
our own sun among the stars by which it is surrounded. He
found it to be located not very distant from the centre of the
great stratum, and near the great line where the principal
current of stars divides into two great streams, which for a
time separate from each other, but finally reunite in a distant
region of the heavens,

Having accomplished thus much, this great astronomer
attempted the resolution of the grand problem of the sun’s
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movement through space. This inyestigation is so lofty, so
da.nnfr, and utterly incomprehensible at the first glance, that its
fere announcement produces little effect on the mind.

Consider, for one moment, what it involves. Man is located
on a planet almost infinitely larger than himself. This planet is
swiftly revolving on its axis, and in its orbit round a great central
luminary, the sun. The daring philosopher participates in all
these motions, He provides himself with instruments which
measure the distances and positions of the almost infinitely
distant fixed stars. These fixed siars, when subjected to his
critical examination, cease to be fixed, and are found to be
moving with astonishing velocity in all directions. Among these
he numbers his own sun, and, although borne along in the pro-
gressive motion of his own great cantre, he ventures to atlempt
the determination of the fact of its actual motion, the direction
in which it moves, and the velocity with which it is sweeping
through space.

This problem is so wonderful, that I beg your earnest attention
while the effort is made to simplify the reasoning by which its
regolution has been accomplished.

Before the actual motions of the earth were discovered, the
sun, moon, and planets, as well as the stars, appeared to move
in certain directions, and with certain velocities, not easily
explained. The rotation of the earth on its axis rendered a clear
explanation of the diurnal movements of the heavenly bodies, and
its orbitual motion around the sun explained the sun's apparent
annual movement among the fixed stars. Thus it is seen and
readily apprehended, that in case the spectator is progressing,
his actual motion may be transferred to distant bodies under
examination, and these may appear to move while be seems to be
at rest.

Now, in case the sun is sweeping towards any quarter of the
heavens, it must carry with it all its planets, satellites, and
comets. The earth is borne along in common with its companions,
and the observer on its surface will transfer his own movement
through space to the distant objects which only appear to change
their places, in consequence of his own translation through spice.
Thus the distant stars may be affected with a parallactic change,
not to be confounded with that produced by the revolution of the
earth in. ite orbit, but occasioned by the fact, that while the
earth revolves ardund the sun, she is carried forward by this
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luminary in his journey through space. As the whole system
participates in this motion, in case the planets are inhabited,
their astronomers will detect in the fixed stars the paralactic
motion due to the sun’s movement; and hemce this change
among the stars may be properly termed their systematic
parallax.

Herschel commenced his examination of this great problem by
forming a catalogue of stars situated in all parts of the heavens,
in which an appreciable amount of proper meotion had been
detected and measured. Now, in case this apparent motion of
the stars could be attributed to the movement of the solar system
through space, a close cerutiny of the directions in which the
stars appeared to move would indicate the direction in which the
ohserver, carried along with the sun, was passing through space.

In case a person is travelling on a railway, in a direct line
through a forest of trees, as he advances, all oljects towards
which he is moving will appear to open out or separate from
ench other, while those left behind will appear to close up. If,
then, the astronomer, borne along Ly the movement of the sun
through the vast forest of stars by which le is surrounded, desires
to ascertain the direction in which he is progressing, let him
gearch the heavens until le finds a point where the stars seem
1o be increasing their distance from each other. Should he fina
such a point, let him confirm his suspicions by looking in the
direction precisely opposite and behind him, and in case he finds
the stars located in this region closing up on each other, he may
fairly conclude that he has found the direction in which he is
moving, and a rigid coincidence of all the phenomena would
demonstrate the accuracy of his conclusions,

Such was the general train of investigntion adopted by Herschel.
After as extended an examination as the data with which he was
then furnished permitted, he announced his belief that a part of
the proper motion of the fixed stars must be attributed to ths
effect of systematic parallax, and that the solar system was
moving through 'space towards a point in the constellation
Hercules. ' .

The announcement of this astonishing result was received
with hesitation and doubt by the best living astronomers, and
Terschel died before any confirmation of his great theory had
been obtained. After his death, for nearly half a century, no
mind seemed willing to renew the investigation. The theory fell
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into disrepute, and was only regarded as a bold and sublime spe-
cnlation, but not founded on any well-determined observations.

‘Within a few years, the problem has engaged the attention of
the distinguished astronomers of Russia, Argelander, of Bonn,
led the way, and, by a train of reasoning based upon extensive
and accurate observations, has sustained and demonstrated, in
the most undeniable manper, not only the general truth of
Herschel’s theory, but has even confirmed the divection in which
that astronomer believed the solar system to be moving.

Here again permit me to attempt a popular explanation of
Argelander’s reasoning. Suppose a single star to have its place
fixed absolutely by observation on the first day of the year 1700.
One hundred years after, its place is again determined, when it
is found to have shifted its position. Conceive the star to have
so moved as to reach the meridian earlier than it formerly did.
When on the meridian, its old place will be behind or east of
the new place, and a line joining the old and new places will
show the direction in which the star has been moving ; and the
distance between the two places will exhibit the amount of
motion in one hundred years, If the star do not move exactly
north or south, its line of direction will form an angle with the
meridian, whose value is determined from a comparison of the
old and new places of the star.

Argelander commenced by selecting five hundred stars, in all
regions of the heavens, whose places had been well determined
by preceding astronomers. The preference was of course given
to those which had been longest subjected to observation. Having
himself determined the new places of all these stars, a comparison
of his own with previously observed positions determined the
direction in which these stars were moving, and their rates of
motion. The angles formed by the lines along which each star
was progressing, with the meridian, became known from
observation ; and these angles we shall eall the observed angles of
dirvestion. Now, it js not difficult to compute the directions in
which the stars would appsar to move, if their motion be pro-
duced by the movement of the solar system.

Suppose, for example, that the sun, with its planets, is sweeping
exactly towards the north pole of the heavens, then would all the
stars appear to move towards the south. Those in the equator
would move with the swiftest velocity from the north pole ; but
those nearest the pole wounld appear to separate from each other,
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while their recess from the pole would be comparatively slight.
To render this reasoning still plainer, imagine this room to be
pierced on every side, o that an eye placed at the centre could
see every star in the heavens through the openings. Through
each of these holes conceive iron rods to pass, all meeting at a
point in the centre, and all directed exactly to the stars. On
the outside let golden balls be fixed to the extremities of these
rods, to represent the stars. Now, grasping the extremities of
all these rods in the hand, urge the point where they all unite
towards the north pole, and watch the movement of the balls at
the outer extremities of the rods. The ball corresponding to the
north star will scarcely scem to move, because the eye travels
directly towards it. The balls corresponding to the stars on the
equator, having their rods perpendicular to the direction of the
wotion of the central point, will sweep swiftly towards the south.
The idea once gained, there is no difficulty in its application.

The visual rays drawn to the stars correspond to the rods,
and these rays, meeting in the eye of the observer, are carried
forward by the sun in its progression through space. I have
supposed the system to move due north ; but in case the motion
be assumed in any other direction, it is easy to compute the
changes consequent. Understanding these preliminary state-
ments, we are prepared to follow Argelander in his investigation.

The five hundred stars selected for examination were divided
into three groups, according to the amount of annual proper
motion. The first contained only such stars as were seen to
move with a velocity not less than one second of space in a year,
Although this motion may appear excessively slow, yel ils
direction in one hundred years may be determined with very
great precision. A general examination of the direction in
which the stars of this first group appeared to move, indicated
the quarter of the heavens towards which the solar system must
be progressing ; and now commenced the investigation, having
for its object the discovery of the exact point. To accomplish
this, a point was assumed, and on the hypothesis that it was
correctly chosen, the directions of the motion of all the stars
composing the first group were computed, and the angles
formed by their lines of direction with the meridian were
determined. '

If the motion of these stars was the effect of systematic
parallax, and if the direction of the solar movement had been

P



Q210 THE ORBS OF HEAVEN,

sccurately chosen, then would the computed angles of direction
agree exactly, in every instance, with the observed angles of direc-
tion. The comparison of these angles having been made, it was
easy to see the diserepancies; and by shifting the assnmed
point, these differences could be reduced to their minimum
value. The point which gave the amallest differences between
the observed and computed angles would be the one towards
which the solar system was progressing. Such was the reasoning
of Argelander, and such the train of investigation on which he
relied for the resolution of this great problem.

Having closed his examinations based on the group of stars
with the most rapid motion, and baving found the point in the
heavens which corresponded to their motions, he proceeded to
execute his calculations with reference to his second group. The
stars of this group moved annually an amount greater than half
2 second of space, and less than one second. The result was
again rea.ched, and the direction of the solar motion thus derived
agreed, in a remarkable manner, with that obtained from the
first group. A further confirmation was obtained by executing
the caloulation founded ‘on the motions of the third and last
group into which he had divided his five hundred stars. The
final result settled, probably for ever, the grand fact that the
sun, with its entire cometaxy and planetary system, is sweeping
through space towards a point whose place must fall somewhere
within the circumference of a circle whose diameter is about
equal to four times that of the moon.

The reality of the solar motion once determined, astronomers
have not been wanting to verify and extend this wonderful
examination, Argelander’s results have been confirmed by the
investigations of M. Otho Strave, the son of the distinguished
director of the Imperial Observatory of Pulkova ; and if, on any
fair night, you direet your eye to the constellation of Hercules,
and select from its stars the two marked on the globe with the
Greek letters = and 4, on the line joining these stars, and at a
distance from = equal to one-quarter of the distance which divides
ﬁhastau,m}lbofmdthe point sowards which the sun was
directing his course in the year 1840.

Having obtained the direction of the solar motion, we proceed
to investigate its actual velocity. How swiftly does the sun,
with its retinne of worlds, sweep onward through space 1 It will
neb be possible to present here even an cutline of the reasoning
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of Struve in the resolution of this intricate question. Two
points are involved. The determination of the annual angular
motion of the sun, as it would be seen by a spectator situated
at a distamee equal to that of the stars of the first mag-
nitude. This being determined, the angular motion can readily
be converted into linear velocity, in e¢ase the mean distance of
tho stars of the first magnitude can be satisfactorily obtained.
After an elaborate inves-
tigation, guarded by every
care, and open, as it would
appear, to no well-founded
objections, M. Otho Struve
has finally resolved the first
of chese wonderful ques-
tions, It is curious to see ~
how mearly the vesults
agree, which were obtamed
from data entirely different,
and in no way dependent
on each other.

By an examination based
on observed right ascen-
sions of the stars, he finds
that the space passed over
by the sun in its progres-
sive movement through the
heavens, seen from the mean
distance of stars of the first magnitnde, is 321-thousandths of
a second of are. The result obtained from ohserved deelinations
gave for the same quantity 357-thousandths of one second of
arc. Here is a difference amounting to only 36-thousandths of a
second,—a quantity exceedingly small, when we "consider the
extraordinary dificulty of the investigation.

Let us now convert these numbers into intelligible quantities.
In case the sun be supposed to be revolving about some mighty
centre, at a distance equal to the mean distamce of stars of
the first magnitude, the period necessary to accomplish its’
stupendous revolation will be 8,811,000 years!

Vast as this pmodappears,weahu see hereafter that we
have no right to suppose that the centre abwtwhchthvaéhr
system is revolving, can be located st a distance nearly so small
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as the mean distance of the larger stars. But what is the actual
velocity ! How many miles does this mighty assemblage of
flying worlds accomplish in its unknown journey in every year ?
This is the last question, and even this has not escaped the suc-
ceasful examinations of the human mind. The discovery of the
parallax of one or two fixed stars has already been referred to.
Within o few months an elaborate work, by Struve, on the .
Sidereal Heavens, has reached wus, containing some remarkable
investigations on the mean distances of the stars of the various
magnitudes.

Struve, by a most ingenious and powerful train of investigation,
obtains a series representing the relative mean distances of the
stars of all magnitudes, up to the most minute visible in
Herachel's twenty-feet reflector. From the sun, as a centre, he
sweeph successive concentrie spheres, between whose surfaces he
conceives the stars.of the several magnitudes to be included.
The radins-of the first sphere reaches to the nearest stars of the
first magnitude ; that of the second sphere extends to the furthest
stars of the same magnitude ; and the mean of these two radii
will be the mean distance of the stars of the first magnitude.
The same ‘is true with reference to the concentric spheres

.embracing within their surfaces the stars of the various orders
of brightness,

Having, from his data, computed a table exhibiting the relative
distances of the stars of the different magnitudes, an examination
of these figures revealed the singular fact that they constituted a
regular geometrical progréssion ; and having assumed the dis-
tance of the stars of the sixth magnitude as the unit, the distance
of the stars of the fourth magnitude will be one half; that of
those .of the second magnitude will be one quarter, and so of the
even numbers expressing magnitude ;. while the distance of the
stars of the /ifth magnitude is obtained by dividing unity by the
square root of the number 2, and from - this the distabces of the

-odd magnitudes come by dividing constantly by 2. In mathema-
tical Janguage, the distances of the stars of the varipus magni-
tudes form & geometrical: progression whose ratio is equal to
unity divided by the square root.of 2.

* Having thus sbtained the relative mean distances of the stars,
in case we can find the absolute mean distance of these of any
one cliss, that will reveal to us the absolute mean 'distances of
-the: staxs of everyclasy. . For the approximate accomplishment
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of this last great object, we are again indebted to the astronomers
of Ruasia. As early as 1808, M. Struve, then of Dorpat, attempted
the detexmination of the parallax of a large number of stars, and
obtained results so small that, in the state of astronmomical
science a8 it then existed, no confidence could be plhced in them.
The final value of the numerical co-efficient of the aberration of
light had not been then absolutely determined. Subsequent
investigations by Struve and Peters have fixed this quantity, and
the actual determination of the parallax of eight stars recently,
hag shown that confidence may now be placed in the resu.lts
obtained by Struve nearly twenty-five years ago.

By combining all the results, M. Peters finds no less than
thirty-five stars whose para,lla.xes have now been determined,
either absolute or relative, with a degree of accuracy which
warrants their employment in investigating the problem or
the mean parallax of stars of the second magnitude. Excluding
from this number the stars 61 Cygni, and No. 1830 of the
Grombridge catalogue, on account of their great proper motion,
there remained thirty-three stars to be employed in the
investigation.

From a full and intricate examination of all the data, by a
process of reasoning which I will not attempt to explain at this
time, M. Peters finds the mean parallax of stars of the second
magnitude to be equal to 116-thousandths of one second of arc,
with a probable error less than a #nth part of this quantity.
Returning now, with this absolute result, to the table of the
relative distances of the fixed stars of different magnitudes, it is
easy to fix their absolute distances, as far as confidence can be
placed in this first approximation. We find the stars of the first
magnitude to be located between the surface of two spheres,
whose radii are respectively 986,000 times the radius of the
earth’s orbit, and 1,246,000 times the smme unmit.” We will
express the distance in terms of the velpeity of light, as no
numbers can convey any intelligible idea.: Stars of the first
magnitude send us their light in about seventeen years ; those of
the second magnitude in about thirty years ; stars of the third
magnitude send their light in about forty-five years ; those of the
fourth magnitude in sixty-five years ; those of the fifth in ninety
years ; those of the sixth magnitude, the most remote vizible to
the naked. eye, send us their light after a journey through space
of one hundred and thirty years! while the distance of. the
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lowest order of telescopic stars visible in Hetschel’s twenty-foet
reflector is such, that their lightdoes not reach the eye for 3541
‘years after it starts on its tremendous journey !

Let it be remembered that these results aré not conjectures.
Though they are first approximations to the truth, they are
reliable to within the tenth part of their value, and are thus far
certain ; they raise, in the most astonishing roanner, our views
of the immensity of the universe, and of the powers of human
genius which have fathomed these vast and overwhelming
profundities.

Let us now return to the examination of the absolute amount
of progressive motion of our sun and system through épace. As
already stated, M. Otho Struve determined its yearly angular
motion, as geen from the more distant of the stars of the first
maguitude. To convert this angular motion into miles, a know-
ledge must be obtained of the absolute mean distance of the stars
of the first magnitude. This has been accomplished by M. Peters;
and, combining the rescarches of Argelander, Struve, and Peters,
'we are now able to pronounce the following wonderful results :
The sun, attended by oll its planets, satellites, and comets, is sweeping
throvugh space towards the star marked w in the constellation Iercules,
Mavdowwhwh oauses it to pass over a distance equal to
33,350,000 miles tn every year!

And now do you demand how much reliance is'to be placed on
this bewildering announcement ! I answer, that as to the reality
of the solar motion, there is bat one chance out of 400,000 that
agtronomers have been deceived. 'We cannot resist the evidence,
and, startling as the truth appears, we aro obliged to yleld our
.assent, reluctant though it may be, to the logical reasoning by
which this magnificent result has been demonstrated.

But whither is our system tending? If moving onward with
‘such tremendous velocity, is there not danger that ere long it
may reach the region.of the fixed stars, and by sweeping near to
other wing and systems, derange the order of the planetary worlds ?
Let us examine this question for one moment, on the hrypothesis
Wmﬂm&monngmong all the stusofheaven, and
‘it wilt hold on in.its ‘present direction wntil it shall reach
4 star in Fercules, towdrds which # is now urging its flight.
“This star i of the' third magnitude, and, according to our state-
ment aiready made, the mean distance'of its elnas is such. that
ite Hight does notwreach us in & period less than forty:six years.
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Executing the ealeulation, we find that in case the solar system
should continue to progress towards that star, it caanot pass the
enormous interval, even at 33,550,000 miles per annum, in less
than 1,800,000 years!

If the eye of any superior intelligence can behold this amazing
scene, how stupendous must be the spectacle presented ! In the
centre the sun, blazing with splendour, pursues its majestic
career ; around it roll the planets, and about it cluster ten
thousand fiery comets. Worlds bright and beautiful hover near
the sun; worlds fiery and chaotic seek this great centre with
impetuous velocity, and then dash away into the farthest range
of their grand revolution. But the monarch moves on; and his
magnificent cortége, performing his high behests, follow, whither-
soeter he leads through space !

Here we reach the boundary which divides the known from
the unknown. Steadily we have pursued the human mind, as it
has moved on in its grand researches of the universe of God.
Time, and space, and number, and distance, have all been set at
defiance. No limits have been sufficiently great to circumscribe
jts movement. Foriore than 6000 years, onward! has truly been
the word. And here I might.very well pause, and rest content
in the exhibition of the absolute and actual triumphs of humar
genius ; but as the rays of the rising sun penetrate the darkness
of night, and, scattering the gloom, dimly reveal the scenes of
earth which are soon to be flooded with splendour, so the light of
human knowledge breaks over the boundaries which divide the
‘known from the unknown, and faintly reveals what yet lies far
beyond in the dark profound.

Guided by this light, we shall ask your attention to one of the
most sublime speculations to which the mind of man has ever
risen. I refer to the supposed discovery of the great centre about
which it is presumed the myriads of stars cemposing our mighty
Milky Way are all revolving.

M. Mhaedler, the anthor of the recent investigations with refer-
ence to the Central Sun, has Jong been known to the astronomica.
world as the successor of M. Struve in the direction of the
observatory at Dorpat. His computations of the orbitual move-
ments of the double stars have given to him a deservedly high
celebrity, and the great theory which he has propounded is only
given to the world after » long and patient examination, extending
through seven years. -
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The extension of the law of gravitation to the fixed stars, now
absolutely demonstrated in the revolutions of the binary systems,
settles for ever the fact, that in the grand association of stars
composing our oluster, or, as we shall hereafter call it, our astral
system, there must be a centre of gravity, as certainly as there is
one to the solar system. In the organisation of the solar system

"we find a central body of vast size, surrounded by small and
subordinate satellites.' Again, among the planets, we find their
magnitude very great, when compared with the moons which
circulate around them. Extending this analogy, early astrono-
mers conceived that this principle of a great central preponde-
rating globe would, in all probability, obtain in all the higher
orders of physical organisation.

This idea, apparently so well founded, was entirely destroyed
by the discovery of the binary stars. Here we find the next
higher organisation above our solar system ; but instead of finding
in the bodies thus united a vast preponderance in magnitude of
one over the other, there are many examples in which the two
suns thus united by gravitation are in all respects equal. In
many others the difference is only slight, yet in all these higher
systems there must exist a common centre of gravity.

With the mind cleared, by these views, from all prejudice in
favour of the necessary existence of some stupendous central
globe, as far exceeding in magnitude the myriads of fixed stars by
‘which it is surrounded as does the sun all the satellites of its
system, we are prepared to inquire into the actual existence or
non-existerice of such a body.

Admitting its invisibility, either in consequence of its distance
or non-luminous character, there are yet remaining the means,
not only of deteeting its existence, but of discovering its position
in space. In case such a body exists, the stars located nearest to
it will be most completely subjected to its influence, and will
show their proximity by the swiftness of their motion. Since it
is possible to penetrate space in every direction, in case the stars
of any particular region were endowed with a more rapid motion
than all others, these 'would not fail to be discovered. But no
such rapid motions have ever been detected, and lience it is now
fair to conolude that such motions do not exist, and consequently
no vast central globe can ever be found, because there is no.
evidence that such a body has any locality in space.

The question resolves itself then, into a research for the
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common centre of gravity of all the stars composing our astral
system, and the data for such an examination must be found in
the direction of the solar motion, and in that of the proper
motion of the fixed stars. Difficult as this research undoubtedly
is, Maedlar's sagacity detected various guides which limited his
more minute examinations to a comparatively small portion of
the heavens. Since our great astral system has been shown to
take the form of a layer or stratum whose thickness is small
compared with its extent, we cannot fail to perceive that the
centre of gravity of a mass of stars thus arranged must be found
somewhere within the limits of the Milky Way, when seen by an
eye located not very distant from the centre. But it is seen that
our sun does not occupy the absolute centre of this stratum. In
case it did, then would the bright circle of the Milky Way
divide the heavens into two equal hemispheres. Since there is
a manifest difference between the two parts into which the
heavens are divided, the smaller portion will be the more distant
from us, and in this smaller part we must look for the central
point. But, from the soundings of both the Herschels, it is
certain that our sun lies nearer the sputhern half of the Milky
‘Way than the northern. Ilence, in our researches for the centre
of gravity, we may confine our examinations to the northern half
of the smaller of the two partsinto which the Milky Way divides
the heavens.

One more approximation may be made. If we knew that our
sun, in its presumed revolution about this great centre, described
a circle, and if we knew the plane of this circle, and the direction
in which the sun was now moving, a line drawn in that plane
from the sun, and in a direction perpendicular to its line of
motion, would pass directly through the centre about which it is
revolving, and would point as directly to it. Now the direction
of the sun’s motion is alone determined ; but since the centre of
gravity must be found somewhere in a line perpendicular to the
dn'ectlon, we must give, to this perpengdicular all possible posi-
tions in space, which will cause it to cut from the celestial
sphere the circumference of a great circle, within which the
centre of gravity must be found. These lumtmg considerations
brought the distingnished astronomer to & region of the heavens
in and about the constellation Taurus.

Here the examination took a more definite and more strictly
scientific form. The proper motion of the stars in this region



218 THE ORBS OF HEAVEN

could be anticipated and known, at least in character and
direction. The great centre would probably be located within
the limits of some rich cluster. All the stars composing this
cluster, as well as those within 20° or 30°, would appear to move
in the same direction. Those immediately proximate to the
central sun or star would appear to move with the same velocity
due to that star, and the entire group would sweep, apparently,
through space without parting company.

Having, by such like considerations, narrowed down the limits
of research, Maedlar commenced his individual examinations.
Among other objects subjected to rigid scrutiny, was the brilliant
star Aldebaran, in the eye of the Bull. This being the brightest
star in this region, and being, moreover, in the midst of a group
of smaller stars, seemed, in the outset, to fulfil some of the con-
ditions required of the central sun. But a more rigid examination
proved conclusively that this star could not occupy the centre.
Its own proper motion far exceeded that of the surrounding
stars, and démonstrated its near proximity to our own system,
and its mere optical connection with the stars surrounding it.

Thus did this great astronomer move from point to point, from
star to star, subjecting each successively to the severest tests,
until, finally, & point was found ; a star was discovered, fulfilling,
in the most remarkable manner, all the requisitions dema.nded
by the nature of the problem. All are familiar with the beautifal
little cluster, called the Pleindes, or seven stars. Clustered
around the brilliant star Alcyone, which occupies the optical
centre of the group, the telescope shows fourteen conspicuous
stars. The proper motions of all these have been determined
with great cxactitude. These are all in the same direction, and
are all nearly equal to each other; and, what is still more
important, the mean of their proper motions differs from that of
the central star, Alcyone, by only one-thousandth of a second of
arc in right ‘uscension, and by two-thousandths of a second in
declivation. Here, then, is a magnificent group of suns, either
actually allied together, and sweeping in company through space,
oreh%hey compuse a cluster so situsted as to be affected by the
sa¥aé apparent motion produced by the sun’s progressive motion
thmg'h the celestisl regions.

But an extension of the limits of research around Alcyone
exhibits the wonderful truth, that out of one hundred and ‘ten
stary within 15° of this centre, there are sixty moving south, or
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in accordance with the hypothesis that Alcyone is the centre
forty-nine exhibiting no well defined motion, and only one single
individual which appears to move contrary to the computed
direction !

It is impossible, here, to do justice to the profound and elabo-
rate investigations of the learned author of this great speculation.
Assuming Aleyone as the grand centre of the millions of stars
composing our astral system, and the direction of the sun’s
motion, as determined by Argelander and Struve, he investigatea
the consequent movements of all the stars in every quarter of the
heavens., Just where the swiftest motions should be found, there
they actually exist, either demonstrating the truth of the theory,
or exhibiting the, most remarkable and incredible coincidences.
‘We shall not pursue the research. After a profound examina-
tion, Maedlar reaches the conclusion, that Alcyone, the principal
star <n the group of the Pletades, now occupies the centre of gravity,
and <3 at present the sun about which the universe of stars composing
our astral system are all revolving.

Here, then, we stand on the confines of the unknown. One
nighty effort has thus been made to bring beauty and order out
of the chaos of motion which has hitherto distinguished the stars
of heaven. Once the planets, freed from law, darted through
space, or relaxing their speed, actually turned back on their
unknown routes. Chaos reigned among these flying globes until
the mind, rising by the efforts of its own genius, reached the
grand centre of the planetary orbs, and lo! confusion ceased, and
harmony and beauty held their sway among these circling worlds.
The same daring human pgenius which, sweeping across the
interplanetary spaces, finally reached the controlling centre of
our own great system, has now boldly plunged jnto the depths of
space, has swept across the interstellar spaces, and roaming from
star to star, from sun to sun, from system to system, looks out
upon the universe of stars, and seeks that point from whence
these millions of sweeping suns shall exhibit that grand and
ma.gmﬁcent harmony which doubtless reigns throughout the vast
empirs of Jehovah. :

‘We are too apt to furn away from the first eﬂ'orts 0 resolve
these mighty problems. How wefe the doctrines of Newton
received? How much regard was paid to Herschel’'s grand
theory of the solar motion? And yet how triumphantly have
these great theories been established, But do you iuquire if
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there be any possibility of proving or disproving the doctrines of
Maedlar ? The answer is simple. Should the time ever come
when the direction of the solar motion shall be sensibly changed,
in consequence of its curvilinear character, then will the plane in
which this movement lies be revealed, and then the centre about
which the revolution is performed must be made known, at least
in direction. Should the line reaching towards this grand centre
pass through Alcyone, this, added to all the other evidences, will
fix for ever the question of its central position. We know not
when this great question may be settled, but judging from the
triumphs which have marked the career of human genius
hitherto, we do not dare to doubt of the final result.

Admitting the truth of Maedlar’s theory, we are led to some
of the most astonishing results. The known parallax of certain
fixed stars gives to us an approximate value of the parallax of
Alcyone, and reveals to us the distance of the grand centre.
Buch is the enormous interval separating the sun from the central
star about which it performs its mighty revolution, that the
light from Alcyone requires a period of 837 years to traverse the
distance ! And if we are to rely on the angular motion of the
sun and system, as already determined, at the end of 18,200,000
years, this great luminary, with all its planets, satellites, and
comets, will have completed one revolution around its grand
centre !

Look out to-night on the brilliant constellations which crowd
the heavens. Mark the configurations of these stars. Five
thousand years ago the Chaldean shepherd gazed on the same
bright groups. Two thousand years have rolled away since the
Greek philosopher pronounced the eternity of the heavens, and
pointed to the ever-during configuration of the stars as proot’
positive of his assertion. But a time will come when not a
constellation now blazing in the bright concave above us shall
remain. Slowly, indeed, do these fingers on the dial of heaven
mark the progress of time. A thousand years may roll away
with scarce a perceptible change, even a million of years may
‘pass without effacing all traces of the groupings which now exist;
but’ that, eye which shall behold the universe of the fixed stars
when ten millions of years shall have silently rolled away, will
search in vain for the constellations which now beautify and
adorn our nocturnal heavens. Should God permit, the stars may
be there, but no trace of their former relative positions will be
found,
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Here I must close. The intellectual power of man, as exhibited
in his wonderful achievements among the planetary and stellar
worlds, has thus far been our single object. I have neither
turned to the right hand nor to the left. Commencing with the
first mute gaze bestowed upon the heavens, and with the curiosity
awakened in that hour of admiration and wonder, we have
attempted io follow rapidly the career of the human mind,
through the Jong lapse of six thousand years. What a change
has this period wrought !

Go backwards in imagination to ihe plains of Shinar, and
stand beside the shepherd astronomer as he vainly attewpts to
grasp the mysteries of the waxing and waning moon, and then
enter the sacred precinets of yonder temple devoted to the science
of the stars. Look over its magnificent machinery ; examine its
space-annihilating instruments, and ask the sentinel who now
keeps his unbroken vigil, the nature of his investigations.

Moon, and planet, and sun, and system, are left behind. His
researches are now within a sphere to whose confines the eagle
glance of the Chaldean never reached. Periods, and distances,
and masses, and motions, are all familiar to him ; and could the
man who gazed and pondered six thousand years ago stand
beside the man who now fills his place and listen to his teachings,
he would listen with awe, inspired by the revelations of an angel
of God. But where does the human mind now stand? Great
as are its achievements, profoundly as it has penetratcd the
mysteries of creation, what has been done is but an infinitesimal
portion of what remains to be done.

But the examinations of the past inspire the highest hopes for
the fature. The movement is one cohstahtly accelerating and
expanding. Look at what has been done during the last three
hundred years, and answer me to what point will human genius
ascend before the same period shall again roll away? But in
our admiration for that genius which has been able to reveal the
mysteries of the universe, let us not forget the homage due to
Him who created, and by the might of his power sustains all
things. If there be anything which can lead the mind up to the
Omuipotent Ruler of the universe, and give to it an approximate
knowledge of his incomprehensible attributes, it is to be found
in the grandeur and beauty of his works,

If you would know his glory, examine the interminable range
of suns and systems which crowd the Milky Way.: Multiply the
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hundred millions of stars which belong to our own “island
unjverse” by the thousands of these astral systems that exist in
space, within the range of human vision, and then you may form
some idea of the infinitude of his kingdom ; for lo! these are but
‘s part of his ways. Examine the scale on which the universe is
built. Comprehend, if you can, the vast dimensions of our sun.
Stretch outward through his system, from planet to planet, and
circumscribe the whole within the immense circumference o

Neptune’s orbit. This is but a single unit out of the myriads o

similar systems. Take the wings of light, and flash with impe-
tuous speed, day and night, and month and year, till youth shall
wear away, and middle age is gone, and the extremest limit ot
human life has been attained ; count every pulse, and at each,
speed on your way a hundred thousand miles; and when a
hundred years have rolled by, look out, and behold ! the thronging
millions of blazing suns are still around you, each separated from
tho other by such a distance that in this journey of a century
you have only left half o score behind you.

‘Would you gather some idea of the efernity past of God’s
existence 7 go to the astronomer, and bid him lead you with him
in one of his walks throngh space; and as he swecps onward
from object to objcct, from universe to universe, remember that
the light from those filmy stains on the deep purc blue of heaven,
now falling on your eye, has been traversing space for a million
of years. Would you gather some knowledge of the omnipotence
of God ? weigh the earth on which we dwell, then count the
millions of its inhabitants that have come and gone for the last
six thousaud years. TUnite their strength into one arm, and test
its power in an effort to’' move this earth. It could not stir it a
single fookihga thousand years ; and yet under the omnipotent
hand of %ﬁt a minute passes that it does not fly for more
than a tho d miles. But this is a mere atom ; the most
insignificant point among his inpumerable worlds. At his
bidding, every planet, and satellite, and comet, and the sun him-
self, fly onward in their appointed courses. His single arm
guides the millions of sweeping suns, and around his throne
ciroles the great constellation of unnumbered universes.

Would you comprehend the idea of the omniscience of God ?
remember that the highest pinnacle of knowledge reached by the
‘whole human race, by the combined efforts of its brightest intel-
lects, has enabled the astronomer to compute approximately the
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perturbations of the planetary worlds. e has predicted roughly
the return of half a score of comets. But God his computed the
mutual perturbations of millions of suns, and planets, and comets,
and worlds, without number, through the ages vhat are passed,
and throughout the ages which are yet to come, not approxi-
mately, but with perfect and absolute precision. The universe is
in motion, system rising above system, cluster above cluster,
ncbula above nebula, all majestically sweeping around under the
providence of God, who alone knows the end from the beginning,
and before whose glory and power all intelligent beings, whether
in heaven or on earth, should bow with humility and awe.

Would you gain some idea of the wisdom of God ? look to the
admirable adjnstments of the magnificent retinue of planets and
satellites which sweep around the sun. Xvery globe has been
weighed and poised, every orbit has been measured aud hent to
its beautiful form, All is changing, but the laws fixed by the
'wisdom of God, though they permit the rocking to and fro of the
system, never introduce disorder, or lead to destruction. Al is
perfect and harmonious, and the musie of the spheres that bwn
and roll around our sun, iz cchoed by that of ten millions of
moving worlds, that sing and shine around the bright suns that
reigu above.

If overwhelmed with the grandeur and majesty of the universe
of God, we are led to exclaim with the Hebrew poet king, “ When
I consider thy heavens, the work of thy fingers, the moon and
the stars which thou hast ordained, what is man, thal thou art
mindful of himt ? and the son of man that thou visitest him ?”
If fearful that the eye of God may overlock us in the immensity
of his kingdom, we have only to call to mind that other passage,
“Yet thou hast made him but a little lower than the angels, and
bast crowned him with glory and honoer. Thouw madest him to
have dominion over all the works of thy hamd ; thou hast put all
things under his feet.” Such are the teachings of the word, and
such are the lessons of the works of God.
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FROM THE “ MECHANISM OF THE HEAVENS,"

BY DENISON OLMBTED, LL,D, PROFESSOR OF NATURAL IIISTORY AND ASTRONOMY
AT YALE COLLEGE.

THE TELESCOPE.

———

HE Telescope, as its name implies, is
an instrument employed for viewing
distant objects.* It aids the eye in
two ways; first, by enlarging the
visual angle under which objects
are seen, and, secondly, by collecting
and conveying to the eye a much
larger amount of the light that
emanates from the object, than
would enter the naked pupil A

| complete knowledge of the telescope
cannot be aequired without an ac-
quaintance with the science of optics;
but one unacquainted with that sci-
ence may obtain some idea of the

leading principles of this noble
instrument. Jtg main prmclple is as follows : By means of the
telescope, we orm an image of a distant object,—as the moon

Jor example, hen magnify that image by a mitroscope.

The invention°df this noble instrument is generally ascribed to
the great philosopher of Florence, Galileo. He had heard that

s spectacle-maker of Holland had accidentally hit upon a dis-

* From two Greek words, swhs, ((ele,) far, and exerio (skopeo,) to see.
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covery, by which distant objects might be brought apparently
nearer ; and, without further information, he pursued the inquiry
in order to ascertain what forms and combinations of glasses
would produce such a result. By a very philosophical process
of reasoning, he was led to the discovery of that peculiar form
of the telescope which bears his name.

Although the telescopes made by Galileo were no larger than
a common glass of the kind now used on board of ships, yet, as
they gave new views of the heavenly bodies, revealing the
mountains and valleys of the moon, the satellites of Jupiter, and
multitudes of stars which are invisible to the naked eye, the
discovery was regarded with infinite delight and astonishment.

Reflecting telescopes were first constructed by Sir Isaac Newton,
although the use of a concave reflector, instead of an object-glass,
to form the image, had been previously suggested by Gregory, an
eminent Scottish astronomer, whose name is still employed to
designate the Gregorian telescope. The first telescope made by
Newton was only six inches long, and its reflector was little more
than an inch in diameter. Notwithstanding its small dimensions,
it performed so well, as to encourage further efforts ; and this
illustrious philosopher afterwards comstructed much larger
instruments, one of which, made with his own hands, was pre-
sented to the Royal Society of London; and. is now carefully
preserved in the library of the Society.

Newton was induced to undertake the consttuction of reﬂicting
telescopes, from the belief that refraeting telescopes were neces-
sarily limited to a very small size, with only moderate illumi-
nating powers ; whereas the dimensions and powers of the
former admitted of being indefinitely increased. Considerable
magnifying powers might, indeed, be obtaimed from refractors,
by ma.kmg them very long ; but the brightness with which tele-
scopic objects are seen, dopends greatly on the dimensions of the
beam of light which is collected by the cbject-glass, or by the
wirror, and conveyed to the eye; and therefore small object-
glasses cannot have a very high illuminating power. The experi-
ments of Newton on colours led him to believe, that it would be
impossible to employ large lenses in the construction of tele-
scopes, since such glasses would give to the images they formed
the colours of the rainbow. But later opticians have found -
means of correcting these imperfections, so that we are now able
10 use object-glasses a foot or more in diameter, which give very

Q
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clear and bright images. Such instruments ave called ackromatic
telescopes,—a name iraplying the absence of prismatic or rainbow
colours in the image. It is, however, far more difficult to con-
struct large achromatic than large reflecting telessopes. Very
large pieces of glass can seldom be found that .are sufficiently
pure for the purpose ; since every inequality in the glass, such
a8 waves, tears, threads, and ‘the like, spoils it for optical pur-
poses, as they distort the light, and produce confused images.

The achromatic telescope (that is, the refracting telescope,
having such an object-glass as to give a colourless image) was
invented by Dollond, & distingnished London artist, about the
year 1787. He had in his possession a quantity of glass of a
remarkably fine quality, which enabled him to carry his inven-
tion at once to a high degree of perfection. It has ever since
been a matter of the greatest difficulty, with the manufacturers
of telescopes, to find pieces of glass, of & suitable quality for
object-glasses, more than two or three inches in diameter.
Hence, large achromatic telescopes are very expensive, being
valued in proporiion to the cubes of their diameters ; that is, if
a telescope whose aperture (as the breadth of the object-glass is
technically called) is two inches, cost twenty-four pounds, one
whose aperture is eight inches would cost one thousand five
hundred and twenty pounds.

Since it is 80 ‘much easier to make large reflecting than large
vefragiing telescopds, it may be asked, why the latter are ever
aittempted, and why reflectors are not exclusively employed ?
T answer, that the achromatic telescope, when large and well
constructed, is a more perfect and more durable instrument than
the reflecting telescope. Much more of the light that falls on
the mirror is abserbed than is lost in passing through the object~
glass of a refractor ; and hence the larger achromatic telescopes
afford a stronger light than the reflesting, urless the latter are
made of an enormous and unwieldy size. Moreover, the mirror
is very liable to tamnsh,undwzﬂ never- retain its full lustre for
many years together; and it is no easy matter to restore the
lustre when onee impaired.

The three :most cehbntedtehscopes hitherto made, are
Herschel's fortySfoet reflector, the great Dorpat vefractor, and the
stﬂlmmmma.rhbietelueope mentlycomplebedbyLord

Rosse. Jfeyschel was a Hanoverian by birth, but settled in
England 'in the vounger part of his life. As early as 1774, he
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began to make telescopes for his own use ; and, during his life,
he made roore than four hundred, of various sizes and powers.
Under the patromsge of George ITL, he completed, in 1789, his
great telescope, having a tube of iron forty feet long, and a
speculum forty-nine and a balf inches, or more than four feet in
diameter. Let us endeavour to form a just conception of this
gigautic imstrument, which we can do only by dwelling on its
dimensions, and comparing them with those of other objects
with which we are familiar, as the length or height of a house,
and the breadth of a hogshead. The reflector alone weighed
nearly a ton. So large and ponderous an instrument must
require a vast deal of machincry to work it, and to keep it
steady ; and accordingly the frame-work surrounding it was
formed of heavy timbers, and resembled the frame of a large
building. ‘When one of the largest of the fixed stars, as Sirius,
is entering the field of this telescope, its approach is annourced
by a bright dawn, like that which precedes the rising sun ; and
when ihe star itself enters the field, the light is insupport-
able to the naked eye. The planets are expanded into brilliant
luminaries, like the moon ; and innumerable multitudes of stars
are scattered like glittering dust over the celestial vault.

The great Dorpat telescope is of more recent construction. It
was made by Fraunhofer, a German optician, of the greatest
cminence, at Munich, in Bavaria, and takes its name from being
attached to the observatory at Dorpat, in Russia. It is of muuch
smaller dimensions than the great telescope of Herschel. Its
object-glass is nine and a half inches in diameter, and its length
fourteen feet. Although the price of this instrument was nearly
sme thousand two hundred pounds sterling, yet it is said that
this sum barely covered the actual expemses, Tt weighs five
thousand pounds, and yet is turned with the finger. In facility
of management it has greatly the advantage of Herschel’s tele-
soope. Moreover, the sky of England is so frequently unfavour-
able for astronomical observation, that ome hundred good hours
(or those in which the higher powers can be used) are all that
can be obtained in a whole year. On this account, as well as
from the difficulty of shiftink the position of the instrument,
Herschel estimated that it would take about six hundred years
to obtain with it even a momentary glimpse of every part of the
heaveps. This remark shows that such great telescopes are
unsuited to the common purposes of astronomical observation.
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Indeed, most of Herschel's discoveries were made with his small
telescopes ; and although, for certain rare purposes, powers were
applied which magmified seven thousand times, yet, in most of
his observations, powers magnifying only two or three hundred
times were sufficient. The lrighest power of the Dorpat telescope
is only seven hundred, and yet the director of this instrument,
Professor Struve, is of opinion that it is nearly or quite equal in
quality, all things considered, to Herschel’s forty-feet reflector.*

* The Inrgest and most remarkable telescopa ever constrycted, is that which
science owes to the enterprise, public spirit, and enlightened love of knowledge which
distinguish the Earl of Rosse. This noble instrument, which is erected at Parsons-
town, in Ireland, i8 & refedting telescope. “The great speeulum is 6 feet diameter
8} inches thick at the cdges, and 5 inches at the centro, and its weight is abont 3
tons. 1t composition is copper and tin; 128 parts of copper to 5i} of tin. The
price of the copper alone was reckoned at about £100, Ry gtinding and polishing, its
thickneas was reduced about one eighth of an inch. Its focal distance is about 54
feet, Tho casting of the speculum took place in April, 1842, which, with all the
multifarious operntions connected with it, was accomplished without any accident,
and with a degree of beyond expectati The speoulum has a reflecting
surface of 407t squave inches, while that of Sir W, Herschel's 40 feet teloscope had
only 1811 square inches on its polished surface ; so that the quantity of light reflected
from this speculum is considerably more than double that of Herschel's largest
reflector, and it is chiefly on the quantity of light either transmitted or reflected, that
the power of telescopes to penetrate into space depends. The process of grinding this
speculum was conducted under water, and the moving power employed was a steam-
engine of three horse power. The substance made use of to wear down the surfuce
was emery nnd water, a constant supply of these was kept between the grinder and
the speculum, It required six weeks to grind it to a falr surfuce.

“ The tube of this telescope s 56 feot long, including the speculum box, and is made
of doal, 1 inch thick, hooped with iron. On the inside, at intervals of 8 feet, there are
rings of iron, 3 inches in depth, and 1 inch broad, for the purpose of strengthening
the sides. The dlameter of the tube is 7 feet. It is fixed to masou-work in the ground,
to a large universal hinge; which sllows it to tum in all directions. At 12 feot
distance on cach side, n wall is built, 72 fuet long, 48 high on the outer side, and 56 on
the inner, the walls being 24 feet distanco from each other, and lying exactly in the
meridional lino, When directed to ths south, the tube may be loweredtill it becomes
almost horizontal; but when pointed to the north, it only falls till it is parallel to the
earth's axis, pointing then to the pole of the heavens. Its lateral movements take
place only from wall to wall : and this commarids a view for half-an-hour on each
side of the meridian; that is, the whole of its motion from. east to west is limited to
15 degroes. It is ulti ly intended to with the tuhe-end galleries,
machery which shall give an automaton movement, so that the telescope shall be
used as an équntorial instrument. The tube and speculum, including the bed on
which the speoulym rests, weigh about 15 tons.

“ 'The tolercope rests on a universal joint, placed on masonry about 6 feet below
tho ground, and it i8-clevated and depressed by a chain and windlaas; and though It
weighs 15 tons, the instrument is raisod by®two men with great facility. Of course
1t'is counterpoised in evary diretion. ‘T'he ohserver, when at work, stands in one of
four galleries, the three highost of which are drawn out from the western wall, while
the fourth, or lowest, has for it base an cleyating platform, aloug the horizontal
surfaco of which a gallery alides from wall tv wall, by machinery within the observer's
reschi, but which a child may work, When the telescope is dirgeted to an ohject near
the zenith, the observer stands at an elevation at least 50 feet above the ground. The
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Still further improvements, however, have since greatly
increased the power of this remarkable astronomical instrument,
and chiefly by the combination of the Le Mairean, with the New-
tonian principle. Sir James South illustrates the value which
such an improvement would give, in the following remarks on
Lord Rosse’s Telescope :—* Thus the difficulty of constructing a
Newtonian telescope, of dimensijons never before contemplated,
is completely overcome ; but to render the part on which X am
about to enter more generally intelligible, let me say, that the
Newtonian telescope is composed of a large concave speculum,
of a small flat speculum, and of an eye-glass, The large concave
speculum lies in the closed end of the tube, at right angles to
the tube’s axis, The small flat speculum is placed near the
open end of the tube in its centre, but at half right angles
with the tube ; whilst the eye-glass (a hole for the purpose being
pierced in the tube’s side) is fixed opposite the centre of the flat
speculum. The rays from the object to which the telescope is
directed fall on the large concave speculum, are reflected from
1t into a point called the focus, in which the image of the
object is formed ; this image falls on the flat speculum, and is
reflected from it to the eye-glass, by which it becomes magnified,
and enters the observer's eye. But only a part of the light
which falls ou the large concave speculum is reflected on the
small speculum ; and again, only a part of that which falls from
the large speculum on the small one, ia reflected from the latter
to the eye-glass, Newton, to avoid the loss of light by the
second reflection, proposed the substitution of a glass prism
for the small flat speculum ; but from some difficulties which
have attended its use, it has (perbaps too hastily) been laid
aside, ‘

“In 1728, Le Maire presented to the Académie des Sciences
the plan of a reflecting telescope, in which the use of the small
flat speculum was. suppressed ; for by giving thé large concave
speculum a little inclination, he threw the image formed in its
focus near to one side of the tube, where an eye-glass magnifying
it, the observer vxewad it, h:s back at the time being turned

engraving represents only the uypet put of the tube of the telescope, at which the
observer stands when making his chservations; and as tho telescope 1s at present of
the Newtonian construction, he looks muﬂuuwcrp-rtoﬂh sids of the great tube;
but it is intended to throw aside the plane speculum, and to adopt the froas view;
when the observer will look directly down the tube on the image formed by the graat
speculum.”
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towards the object in the heavens ; thus the light lost in the
Newtonian telescope by the second reflection was saved.

“No ore, however, seems to have availed himself of this form
of construction till 1776; when Herschel, with a ten-feet reflector,
tried it, and rejected it. In 1784, he again tried it with a twenty-
feet reflector, but again abandomed it. In 1786 he adopted it,
eulogised it very much, among other advantages, for giving
almost double the light of the Newtonian censtructior, and called
it ‘the fromt view.' Subsequent}y fo this period all: his twenty-
feet telescopes, as well as his forty-feet teleseope; were coustructed
23 Le Maireans,

“The excess of light, however, is very much overrrated by
Sir W. Herschel ; for experiments since made indicate that the
diameter of the Newtonian telescope must be -increased about
one-fifth only to obtain equal light with one of the Le Mairean
construction.

“That we might have a practical proof of the advantages of
the light of the Le Mairean construction, the three feet Newtonian
of twenty-seven feet focus, which stands in the demesne by the side
of the Leviathan, was temperarily fitted up as a Le Mairean.
Stars of the first magnitude were seen, not well defined, as
in the Newtonian form of the instrument ; but the superiority
of the Le Mairean, where a large quantity of light was required,
was most decided. The small pole-star, was as bright as a star
of the fourth magnitwde when seen in an eight feet achromatic of
three and three quarter inches aperture.’ The dumb-bell nebulee,
or 27 of Messier, was resolved inte clusters of stars in a manner
never before seen with it. Fhe axmular nebulse of Lyra, brilliant
beyond what it had ever yet appeared, was wurrounded by stars
too bright to escape immediate notice, although neither the
dumb-bell nebulm nor the annular nebule had move than fifteen
degrees of altitude when I placed the telescope on them.

% On the 15th of March, when the moon was seven days and
a half old, I never saw her unillumined dise so beauntifully, nor
her mountains so temptingly measuzeable. On miy first looking
into the "telescope, o star of about the seventh mugmtude was
some minutes of & degree distant from the moon’s dark limb.
Seeing that its occuliation by the moon was inevitable, as it was
the first aemlimtm which had been observed by that telescepe,

anxious that it should be cbserved by its noble maker;
very much do I regret that, through kindness towards me,
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he would not accede to my wish ; for the star, instead of disap-
pearing the moment the moonsedga came in contact with it,
apparently glided on the moon’s dark face, as if it had been
secn through o transparent moon, or ag if the star were between
me and the moon. I remained on the moon's disk nearly two
seconds of time, and then instantly disappeared, at 10h. 9.
59724, sidereal time. I have seen this apparent projection of a
star on the moon's face several times, but from the greet bril-
liancy of the star, this was the most beautiful I ever saw.” Sir
James South thus proeaeds to compare the great teleseapes

“The only telescopec, in point of size, comaparable with Lord
Bosse’s three feet and six feet, are Sir William Herachel's twenty
feet and forty feet Lo Mairsan’s. The twenty feet had a speoulum
of 188 inches diameter, and the forty feet one of four feet.

“The Le Mairean of 18'8 inches diameter, in point of light is
equal to a Newtonian of 22} inches diameter.

“The Le Mairean of four feet diameter is equal to a Newtonian
of 574y inches. )

“ The Le Mairean of three feet, iz equal to a Newtonian of
43 inches.

“ And the Le Mairean of six feet is equal to a Newtonian of,
86 inches.

“ By substitu.hng, then, the Le Mairean form for the New-
tonian, the present three feef Newtonian will be made as cffective
as if it were 43 inches diameter, and the six feet as if it were
86 inches in diameter ; or the quantity of light in each telescope,
after the alterationm, will be, to its present light, as seven to five
nearly, or almoat half as much again as it new has,

“ Seeing, then, that the ehange from the. Newtonian to the Le-
Mairean construction will be attended with such an aecession of
light, Loxd Rosse, having determined geometrically the form of
the curve reguisite. to produce with it a definition of ob;ects,

equal to that which each of the telescopes at present gives, is
devxsmg mechanieal means for ptoducmg it

It is not, genemlly understood in what way greatness of sxze
in a telesoope increases ite powers ;-and it conveys but an imper-
fect idea of the excellence of a tehscope to tell how much it
magnifies. In the same instrument, an increase- of magnifying
power is always attended with & dimimtion of the light and of
the field of view. Heuce, the lowar powers generally. afford the
most agreeable views, because they give the cleareat. light and,
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take ' the largest space. The several circumstances which
jnfluence thie qualities of a telescope are illuminating power,
magnifying power, distinctuess, and field of view. Large mirrors
el ‘large object-glasses ars superior to smaller ones, because
they colleet a larger beam.of light, and tramsmitit to the eye.
Stars which are invisible to the naked eye are remdered visible
by the telescope, because this instrument collects and conveys
to the sye a large beam of the few rays which emanate from the
stars ; whereas & beam of these rays of only the diameter of the
pupil of the eye, would afford too little light for distinct vision.
In this particular, large teleaoopes have great advantages over
small ones, The great mirror of Herschel's forty feet reflector
oollect and conveysto the eye a beam more than four feet in
diameter. - The Dorpat’telescope also transmits to the eye a
beam nine and a half inches in diameter. This seems small in
comparison with the reflector ; but much less of the light is lost
on passing through the glass than is absorbed by the mirror, and
the mirror is very liable to be clouded or tarnished; so that
there is not so great a difference in the two imstruments, in
regard to ﬂlummating power, as might be supposed from the
difference of size.

Distinctness of view is all-important to the performance of an
instrument. The object may be sufficiently bright, yet, if the
image is distorted, er ill-defined, the. illumination is of little
consequence. This ‘property -depeads mainly on the skill with
which all the imperfections of figure and colour in the glass or
mirror are corrected, and can exist in perfectitm only when the
image is rendered completely achromatic, and when all the rays
that proceed from each point in the object are vollected into
corresponding points of the image, unaccofapanied by any other
rays. Distinetness is very much: affapted by the .steadiness of
the instrument. Every one knows haw indistinet a page becomes
when & book is passed npidlybmkvards and forwards before
the eyes, and how difficult it is wretdm acamage mmpad
motion oxt & mgh road. .

Field of viswt is another impom oonudmtwn. The finest
inatruments Wxhibit the moon, for ‘example, not only bright and
distinot, in all ite parts; but they bake in the whole disc at once ;
wheress -the infarior instrumeuts, - when the higher powers
eepecially are applied, permit us to-see'only 4 small part of the
moon st onoe,
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Some states ot the weather, even when the sky is clear, are
far more favourable for astronowical observations than others.
After sudden changes of temperature in the atmosphere, the
medium is usually very unsteady. If the sun shines out warm
after 4 cloudy season, the ground first becomes heated, and the
air that is nearest to it is expanded, and rises, while the colder air
descends, and thus ascending and descending currents of air,
mingling together, create a confused and wavy medium. The
same cause operates when a current of hot air rises from a
chimney ; and hence the state of the atmosphere in cities and
large towns is very unfavourable to the astronomer on this
account, as well as on account of the smoky condition in which
it is usually found, After a long season of dry weather also the
air becomes smoky, and unfit for observation, Indeed, foggy,
misty, or smoky air, is so prevalent in some countries, that only
a very few times in the whole year can be found, which are
entirely suited to observation, especinlly with the higher powers;
for we must recollect that these inequalities and imperfections
are magnified by telescopes as well as the objects themselves.
Thus, as I have already mentioned, not more than one hundred
good hours in a year could be obtained for observation with
Herschel's great telescope. By good hours, Herachel means that
the sky must be very clear, the moon absent, no twilight, no
haziness, no violent wind, and no sudden change of temperature.
As a genersl fact, the warmer climates enjoy a much finer
sky for the astronomer than the colder, having many more ¢lear
evenings, a short twilight, and less change of temperature,
The watery vapour of the atmosphere also is more perfectly
dissolved in hot-than in cold air, and the more water sir contains
provided it is in a state of perfect solution, the clearer it is.

A certain preparation of the observer himself is aleo requisite
for the nicest observations with thetelescope. He must be free
from all sgitation, and the eye must mot recently have been
exposed to a stroug light, which contracts the pupil of the eye.
Indeed, for delicate observations, the observer should remain for
some time beforehand in.a dsrk room, to let the pupil of the eye
dilate. By this means, it will be enabled to adwmit a larger
number of the rays of light.: In-ascending the stairs of an obser-
vatory, visitors frequently get out of breath, and having perhaps
recently emerged from a strongly lighted apartment, the eye is
not in a favourable state for observation. Undor these disad-
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vantages, they take a hasty look into the telescope, and it is no
wonder that disappointment usually follows.

‘Want of steadiness is a great difficulty attending the use of
the highest magnitiers ; for the motions of the instrument are
raagnified as well as the object. Hence, in the structure of
observatories, the greatest painsis requisite, to avoid all tremor,
and to give to the ingtruments all possible steadiness ; and the
same cave is to be exercised by observers. In the more refined
observations, only one or two persons ought to be near the
instrument.

In general, low powers afford better views of the heavenly
bodies than very high magnifiers. It may be thought absurd to
recommend the use of low powers, in respect to large insiruments
especially, since it is commeonly supposed that the advantage of
large instrumenta is, that they will bear high magnifying powers,
But this is not their only, nor even their principal advantage. A
good light and large field are qualities, for most purposes, more im-
portantthan great magnifying power ; and it must be borne in mind
that as we increase the magnifying power in a given instrument,
we diminish both the illumination and the field of view. Still,
different objects require different magnifying powers; and a
telescope is usually furnished with several varieties of powers,
one of which is best fitted for viewing the moom, another for
Jupiter, and a still higher power for SBaturn. Comets require
only the lowest magnifiers ; for here, our object issto command
as much light, and as large a field as possible, while it avails
little to increase the dimensions of the object. On the other
hand, for certain double stars (stars which appear single to the
nAked eye, but double to the telescope), we require very high
magnifiers, in order to separate these minute objects so far from
each other that the interval can be distinctly seen. Whenever
we exhibit celestial o]mecte to inexperienced observers, it is usual
to precede the view with good drawings of the objects, accom-
panied by an explanation of what each appearance, exhibited in
the telescope, indicates. The novice is told that mountains and
valleys can ba seen. in the moon by the aid of the telescope’ but,
on looking, he sees a confused mass of light and shade, and
nothing which looks to him like either mountains or valleys.
Had his attention been previously directed to a plain draw-
1ng .of the moon, and each particular appearance interpreted to
him, he would then have looked through the telescope with
intelligence and satisfaction.
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——

AN observatory is a structure fitted up expressly for astrono-
mical cbservations, and furnished with suitable instruments for
that purpose.

The two most celebrated observatories hitherto built are those
of Tycho Brahe, and of Greenwich. The observatory of Tycho
Brahe was constructed at the expense of the King of Denmark,
in a style of royal magnificence, and cost no less than two
hundréd thousand crewns. It was situated on the island of
Huenna, at the entrance of the Baltic, and was called Uraniburg,
or the palace of the skies.

Before giving an account of Tycho’s observatory, it will be
useful to relate a few particulars respecting this great astronomer
himself.

Tycho Brahe was of Swedish descent, and of noble family ; but
having received his education at the University of Copenhagen,
and spent & l'arge part of his life in Denmark, he is usually con-
sidered a Dane, and quoted as a Danish astronomer. He was
born in the year 1548, When he was about fourteen years old,
there happened a great eclipse of the sun, which awakened in
him a high interest, especially when he saw how accurately all
the circumstances of it answered to the prediction with which
he had been before made a.equamted He was immediately
seized with an irresistible passion to acquire a knowledge of the
science which eould so successfully lift the veil of futarity. His
friends had destined him for the profession of law, and, from the
superior talents of which e ‘gave early promise, added to the
advantage of powerful family éonnexions, they had marked out
for him a distinguished career in public life. They therefore
endenvoured to discourage him from pursuing a path which
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they deemed so much less glorious, and vainly sought, by various
means, to extinguish the zeal for astronomy which was kindled
in Lis youthful bosom. Despising all the attractions of a court,
he contracted an alliance with a peasant girl, and in the peaceful
retirement of domestic life desired no happier lot than to peruse
the grand volume which the nocturnal heavens displayed to his
enthusiastic imagination. He soon established his fame as one
of the greatest astronomers of the age, and monarchs did homage
to his' genius. The King of Denmark became his munificent
patron, and James I, King of England, when he went to Den-
mark to complete lus ma.rrugo with a Danish princess, passed
eight days with Tycho in his observatory, and, at his departure,
addressed to the astronomer a Latin ode, accompanied with a
magnificent present. He gave him also his royal license to print
his works in England, and added to it the following complimnen-
tary letter :—“ Nor am I acquainted with these things on the
relation of others, or from a mere perusal of your works, but-I
have seen them with my own eyes, nud heard them with my own
ears, in your own residence at Uraniburg, during the various
learned and agreea,ble conversations which I there held with you,
which even now afféet my mind to such a degree, that it is diffi-
cult to decide whether I recollect them with greater pleasure
or admiration.” Admiring disciples also crowded to this
sanctuary of the sciences, to acquire a knowledge of the
heavens.

The observatory eonswted of a main bmldmg, which was
square, each side being sixty feet, and of large wings in the form
of round towers. The whole was executed in a Style of great
magnificence ; and Tycho, who was a nobleman by descent,
gratified his taste for splendour and ornament by giving to every
part of the structure an air of the most finished elegance, Nor
were the instruments with which it was furnished less magni-
ficent than the buildings. They wera vastly larger than had
before been employed in the survey of the heavens, and many of
them were adorned with costly ornaments. One of Tychos
large and splendid instruments was his astronomical quadrant,
on one side of which was ﬁgured a representation of the astro-
nomer and his assistants in the midst of their instruments, and
intently ‘engaged in moking and recording observations. The
ducrii:ﬁop”zf thia instrument, furnished by his contemporaries,
conveys to 'us a siriking idea of the magnificence of his arrange-
ments, aud of the extent of his operations.
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Here Tycho sat in state, clad in the robes of nobility, and
supported throughout his establishment the etiquette due to his
rank. His observations were more numerous than all that had
ever been made before, and they were carried to a degree of
aceuracy that is astonishing, when we consider that they were
made without the use of the telescope, which was not yet
invented.

Tycho carried on his observations at Uraniburg for about
twenty years, during which time he accumulated an immense
store of accurate and valuable facts, which afforded the ground-
work of the discovery of the great laws of the solar system
established by Kepler.

But the high marks of distinction which Tycho enjoyed, not
only from his own sovereign, but also from foreign potentates,
provoked the envy of the courtiers of his royal patron. They
did not, indeed, venture to make their attacks upon him while
his generous patron was living ; but the king was no sooner
dead, and succeeded by a young monarch, who did not feel the
same interest in protecting and encouraging this great ornament
of the kingdom, than his envious foes carried into execution
their long-meditated plot for his ruin. They represented to the
young king that the treasury was exhausted, and that it was
necessary to retrench a number of pensions, which had been
granted for useless purposes, and in particular that of Tycho,
which, they maintained, ought to be conferred upon some person
capable of rendering greater services to the state. By these
means they sueceeded in depriving him of his support, and he
was compelled to withdraw to the hospitable mansion of a friend
in Germany. Here he became known to the' Emperor, who
invited him to Prague, where, with an ample stipend, he resumed
his labours, But, though surrounded with afféetionate friends
and admiring disciples, he was still an exile in a foreign land.
Although his country had been base in its ingratitude, it was
yet the land which he loved ; the scene of his earliest affection ;
the theatre of his scientific glory. These feelings continually
preyed upon his mind, and his unsettled spirit was ever hovering
among his native mountains. In this condition he was attacked
by a disease of the most painful kind ; and though its agonising
paroxysms had lengthened intermissions, yet he saw that .death
was approaching. He implored his pupils to persevere iu their
scientific labours; he conversed with Kepler on some of the
profoundest points of astronomy ; ‘snd with these setular ooccu-
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pations he mingled frequent acts of piety and devotion. In
this happy condition he expired, without paim, at the age of
fifty-five.®

The observatory at Greenwich was not built until a hundred
years after that of Tyeho Brahe, namely, in 1678. The great
interests of the British nation, which are involved in mavigation,
constituted the ruling motive with the government to lend theix
aid in erecting and maintaining this observatory.

The site of the obeervatory at Greeawich is on a commanding
eminence facing the river Thames, five miles east of the central
parts of London. Beimg-part of a royal park, the neighbouring
grounds are in no danger of being occupied by buildings, so as
to obstruct the prospect. It is also in full view of the shipping
on the Thames ; and, according to a standing regulation, at the
instant of one o'clock, every day,a huge ball is dropped from
the top of a staff on the observatory, as a signal to the com-
manders of vessels for regulating their chronometers.

The buildings comprise a series of Tooms, of sufficient number
and extent to accommodate the different instruments, the inmates
of the estahlishment, and the library ; and on the top is a cele-
brated camera obscura, exhibiting & most distinct and perfect
picture of the grand and unrivalled scenery which this eminence
commands.

This establishment, by the acenracy and extem; of its observa-
tions, has contributed more than all other institutions to perfect
the science of astronomy:.,

Te preside over and direct this great institution, a man of the
highest eminence in the science is appoimted by the government,
with the title of dstronomer Koyel, He is paid an ample salary,
with the understanding that he is to devote himself exclusively
to the business of the observatory. The astronomers royal of
the Greenwich observatory, from the time of its first establish-
ment in 1676, to the prmnttime,kawnonﬁmted a series of the
proudest names.of which British science can bonst,

Six assistants, besides inferior- labourers, are constantly in
attendance ; and the business of making and recording observa-
homnemducudwzththemmukayuemmdom

Tho great objests to be sftaimed in the construction of an
observatory are,:a commanding and uncbstrueted view of the
heavens ; freedom from sauses that affect the tramsparency and
uniform state of the atnosphere, such as fires, smoke, or marshy

# Brewster's Life of Newton
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grounds ; n:echanical facilities for the management of instru-
ments, and especially every precantion that is necessary to secure
perfect steadiness. This last consideration is one of the greatest
importanece, partienlarly in the use of very large magnifiers ; for
‘we must recollect, that any motion in the instrument is magnified
by the full power of the glass, sud gives a.proportional unsbeadi-
ness to the object. A situation is, therefore, selected as remote
a3 possible from public roads (for even the passing of carriages
would give a tremulous motion to the ground, which would be
sensible in large instruments), and structures of solid masonry
are commenced desp enough in the ground to be unaffected by
frost, and built up to the height required, without any connexion
with the other parts of the building. Mhany observatories are
furnished with a moveable dome for & roof, capable of revolving
on rollers, so that instrnments penetrating through the roof
may be easﬂy brought to bear upon any point, at or near the
zenith.

It will not, perlmps, be desired that I should go into a minute
description of all the various instruments that are used in o
well-constructed observatory. Nor is this necessary, since a
very large proportion of all astronomical ohservations are taken
on the meridian, by means of the transit instrument and clock.
‘When a body, in its diurnal revolution; comes to the meridian,
it is at its highest point above the horizon, and is then least
affected by refraction and parallax. This, then, is the most
favourable position for taking observetions upon it. Moreover,
it is peculiarly easy to take observations on a bedy when in this
situation. Hence the transit instrument and clock are the most
important members of an astromemical observatory, and some
account of these instruments becomes indispensable.

The transit instrument is a telescope which is fixed permanently
in the meridian, aud moves ouly im that plune. It can, therefore,
be so directed, a8 to observe the passage of & star across the
meridian at any altitude. The accompunying graduated circle
enables ‘the observer to set the instrument at any required
altitude, corresponding to the known altitude at which the body
to be chserve. 2rosses the meridian. Or it may be used to
measure the altitude of a body, or its zenith distance, at the
time of its meridian passage. Near the circle may be seen a
spirit-level, which serves to show when the sxis is exactly on a
level with the horizon. The frame-work is made of salid metal
(usually brass), everything being arranged with reference to
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keeping the instrument perfectly steady. [t stands on screws,
which ot only afford a steady support, but are useful for
adjusting the instrument to a perfect level. The transit instru-
ment is sometimes fixed immoveably to a solid foundation, as a
pillar of stone, which is built up from a depth in the ground-
below the reach of frost. When enclosed in a building, as
in an observatory, the stone pillar is carried np separate from
the walls and floors of the building, so as to be entirely free from
the agitations to which they are liable.

The use of the transit instrument is to show the precise instant
when a heavenly body is on the meridian, or to measure the
time it occupies in crossing the meridian. The astronomical
clock is the constant companion of the transit instrument. This
clock is so regulated as to keep exact pace with the stars, and,
of course, with the revolution of theé earth on its axis : that is,
it is regulated to sidereal time. It measures the progress of o
star, indicating an hour for every fifteen degrees, and twenty-
four hours for the whole period of the revolution of the star
Sidereal time commences when the vernal equinox is on the
meridian, just as solar time commences when the sun is on the
meridian. Hence the hour by the sidereal clock has no corres-
poridence with the hour of the day, but simply indicates how
long it is since the equinoctial point crossed the meridian. For
example, the clock of an observatory points to three hours and
twenty minutes ; this may be in the morning, at noon, or any
other time of the day,—for it merely shows that it is three honrs
and twenty minutes since the equinox was on the meridian.
Hence, when a star is on the meridian, the clock itselt shows
its right ascension, which, it will be recollected, is the angular
distance measured on the equinoctial, from the point of inter-
section of the ecliptic and equinoctial, called the vernal equinox,
reckoning fifteen degrees for every hour, and a proportional
number of degrees and minutes for a less period. I have before
remarked, that a very large portion of all astronomieal observa-
tions are taken when the bodies are on the meridian, by means
of the transit instrument and clock.

Having now deseribed these instruments, I will next explain
the manner of using them for different observations. Anything-
becomes a measure of time which divides duration equally. The
equinoctial, therefore, is peculiarly adapted to this purpose, since,
in the daily revolutions of the heavens, equal portions of the
equinoctial pass under the meridian in equal times. . The only
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difficulty is, to ascertain the amount of these portions for griven
intervals. Now, the clock shows us exactly this amount ; for,
when regulated to sidereal time (as it  easily may be), the hour-
hand keeps exact pace with the dqua.tor, revolving once on the
dial-plate of the clock while the ,equator twrns once by the
revolution of the earth. The same is true, also, of all the small
circles of diurnal revolution ; they all turn exactly at the same
rate as the equinoctial, and a star situated anywhere between
the equator and the pole will move in its diurnal cirele along
with the clock, in the same manner as though it were in the
equinoctial. Hence, if we note the interval of time between the
passage of any two stars, as shown by the clock, we have a
n«asure of the number of degrees by which they are distant from
each other in right ascension. Hence we see how easy it is to
take arcs of right ascension ; the transit instrument shows when
a body is on the meridian ; the clock indicates how long it is
since the vernal equinox passed it, which is the right ascension
itself ; or it tells the difference of right ascension between any
two bodies, simply by indicating the difference in time between
their periods of passing the meridian. .Again, it is easy to take
the declination of a body when on the meridian. By declination,
the reader will recollect, is meant the .distance of a heavenly
body from the equinoctial ; the same, indeed, as latitude on the
earth. When a star is passing the meridian, if, on the instant
of crossing the meridian wire of the telescope, we take its dis-
tance from the north pole (which may readily be done, because
the position of the pole is always known, being equal to the
latitude of the place), and subtract this distance from ninety
degrees the remainder will be the distance from the equator,
which is the declination. It will be asked, why we take this
indivect method of finding the declination? Why we do not
rather take the distanee of the star from the equinoctial at once?
1 answer, that it is easy to point an instrument to the north
pole, and to ascertain its exact position, and, of course, to
measure any-distance from it on the meridian ; while, as there
is nothing to mark the exact situation of the equinoctial, it is
not so easy to take direct messurements from it. When we
have thus determined the situation of a heavenly body, with
respect to two great circles at rignt ang.es with each other, as
in the present cage, the distance of & body from the equatdr and
from - the equinoctial colure, or that meridian which posses
through the vernal equinox. we know its relative position in the
R
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henvens ; and when we. have thus determined the relative poei-
tions of an the stars, we may lay them down en a map or a
globe, exactly a8 we do places en the. earth, by means of their
atitude and longttude

The foregoing is only & specimen of the various uses of the
transit instrument, in finding the relative places of the heavenly
bodies. Another use of this excellent instrument is, to regulate
our clocks and watches. By am observation with the transit
instrument, we find when the sun’s centre is on the meridian.
This is the exact time of epparent noon. But watches and clocks
usually keep mean time, and therefore, in order to set our time-
piece by the transit instrument, we must apply to the apparent
time of noon the equation of time, as is explained in the next
chapter.

A noon~mark may ‘easily be made by the aid of the transit
instrument. A window sill is frequently selected as a suitable
place for the mark, advantage being taken of the shadow pro-
jected upon it by the perpendicular casing of the window. Let
an assistant stand, with a rule laid on the line of shadow, and
with a knife ready to mark, the instant when the observer at the
transit instrument announces that the eentre of the sun is on the
meridian. By a concerted signsl, as the stroke of a bell, the
inhabitants of & town may all fix a noon-mark from the same
observation. . If the signal be given on one of the days when
apparent time and mean time become equal to each other, as on
the twenty-fourth of December, no equation of tunq i required.

As a noon-merk is convenient for regulating time-pieces, I will
point ont a method of making one, which may be practised with-
out the aid of the telescope. Upon a smooth, level plane, frecly
exposed to the sun, with a pair ¢f compesses describe a circle.
In the centre, whewe the leg of the cpmpnsees, stood, erect a
perpendicular wire of such a lenghh, that the termination of its
shadow shall fall upon the circumferenee of the circle at some
hour before meon, aa about. ten o’clock. Make a amall det at the
point where the end of the shadow*falls upen the gircle, and do
the same where it falls upon it again in the afternoon. Take a
point half-way between these two points, and from it draw a line
to the centre, and it will be a.trpe meridian line, The direction
of this line would heth&me,.whether it ‘were. made in the
suznmer or in the, winter ;. but it is expedient. to draw it abemt
the fifteenth. of Jm,,fm'thentba shadow alters its length most,
rapidly, and the moment of its crossing the wive will be more
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definite, than in the winter. At this time of year, also, the sun
and clock agree, or are together, as is more fully explained in the
next chapter ; whereas, at other times of the year, the time of
noon, as indicated by a common clock, would not agree with that
indicated by the sun. If the upper end of the wire is flattened,
and a small hole is made in it, through which the sun may shine,
the instant when this bright spot falls upon the circle will be
better defined than the termination of the shadtw.

Another important instrument of the observatory is the mural
circle. It is a graduated circle, usually of very large size, fixed
permanenily in the plane of the meridian, and attached ﬁrmly to
a perpendicular wall ; and on its ceutre is & telescopewhich
revolves along with 1t and is easily brought to bear on anry
object in any point in the meridian. Tt is made of large size,
sometimes twenty feet in diameter, in order that very small
angles may be measured on its limb ; for it is obvious that a
small angle, as one second, will he a larger space on the limb of
an instrument, in proportion as the instrument itself is larger,
‘The vertieal circle usually connected with the transit instrument,
may indeed be employed for the same purposes as the mural
circle, namely, tn measure arcs of the meridian, as meridian
altitudes, zenith distances, north polar distances, and declina-
tions ; but as that circle must necessarily be small, and therefore
mcnpable of measuring very mimate angles, the mural circle is
particularly useful in measuring these important ares. It is very
difficult to keep so large ad instrument perfectly steady; and
therefore it is attached to a massive wall of solid masonry, and
is hence called a mural cirdg from the Latin word murus; which
signifies a wall.

Every cxpedient is employed to give the instrument firmnesy
of parts and steadinéss of podum. 'n:e «irdl§'is of solid meta.,
usually of brass, and i in strengthened by Tumerous adii, w!nch
keep it from warping or bending ; and these are made in the
form of hollow cones, becanse that is the fignie which unites in
the highest degree lightness snd strength. On the rim of the
instrument is a microseope. This is attached to a micrometer.~
o declicate piece of apparatus, tised for reading the miriute subs
divisions of angles'; for, after dividing the imb of the instrument
as minutely 'as possible, it will‘then be necessary to magmify
those divisions with the microscope, and subdivide edch of these
parts with the micrometer. Thus, if we have a mural circle’
twenty feet in dinmeter, and of course nearly sixty-three feet in
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circumference, since there are twenty-one thousand and six
hundred minutes in the whole circle, we shall find, by calcula-
tion, that one minute would oceupy, on the limb of such an
instrument, only about one thirtieth of an inch, and a second,
only one eighteen hundredth of an inch. We could not, there-
fore, hope to carry the actual divisions to a greater degree of
minuteness than minutes ; but each of these spaces may again be
subdivided into seconds by the micrometer.

From these statements, the reader will acquire some faint idex
of the extreme difficulty of making perfect astronomical instru-
ments, especially where they are intended to measure such minute
angles &s one second. Indeed, the art of constructing astronomical
instrunients is one which requires such refined mechanical genius,
—50 superior 4 1nind to devise, and so delicate a hand to execute,
—that the most celebrated instrument-makers take rank with
the most distingunished astronomers ; supplying, as they do, the
means by which only the latter are enabled to make these gieat
discoveries. Astronomers have sometimes made their own
telescopes ; but they have seldom, if ever, possessed the refined
manual skill which is requisite for graduating dclicate instru-
ments,
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,TIME AND THE CALENDAR.

——

TuE reader who has hitherto been conversant only with the
many fine and sentnment,al things which the poets have sung
respecting Old Time, will, perhaps find some difficulty in bringing
down his mind to the calmer oconsideration of what time really
is, and according to what different standards it is measured for
different purposes. He will not, however, I think, find the
subject even in our matter-of-fact and unpoetical way of treating
it, altogether uninteresting. 'What, then, is time? Zime is a
mensured portion of indefinite duration. It consists of equal
portions cut off from eternity, as a line on the surface of the
earth is separated from the contiguous portions which constitute
a great circle of the sphere, by applying to it a two-foot scale ; or
as a few yards of cloth are maasnred off from a web of unknown
or indefinite extent.

Any thing, or any event vlnch tukas place at equal intervals,
may become a measure of time, ’l‘hns, the pulsations of the
wrist, the ﬂowmg of a given quo.ntity of sand from one vessel to
another, as in an honreglass, the besting of & pendulum, and the
revolution of & star; have been severally smployed as measures
of time. Butthegmatstchdqdoi’tﬁnenthepmod of the
revolution of the-earth ‘on its ‘skis, whieh, by the most exact
observations, is foimd to be always the same. I have anticipated
this subject in som# degyee, in ‘giving an account of the transit
instrument and clock,’ bt I px-opose here, to enter into it mors
at large,

The time of the earth’s revolution on its axis, as already
explained, is called a sidereal day, and is determined by the
révolution of a star in the heavens. This interval is divided inte
twenty-four sidereal hours, - Observations taken on numerous
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stars, in different ages of the world, show that they all perform
their diurnal revolution in the same time, and that their motion,
during any part of the revolution, is always uniform. Here,
then, we have an exact messure of time, probably more exact
than any thing which can be devised by art. Solar time is
reckoned by the apparent revolution of the sun from the meridian
round -to the mevidian again. - 'Were the sun stationary in the
heavens, like a fixed star, the time of its apparent revolution
would be equal to the revolution of the earth on its axis, and the
solar and thesidereal days would be equal. But, gince the sun
passes’ from west to east, through three hundred and sixty
degreen, in three hundred and sixty-five and one-fourth days, it
moves ‘eastward nearly one degree a day. While, therefore, the
sarth is twming round onm its axis, the sun is moving in the same
direetion, so that, when we have come round under the same
celestial meridian from which we started, we do not find the sun
there, but he has moved eastward nearly a degree, and the earth
must perform so much more than one complete revolution, before
we come under the sun again. Now, since we move, in the
' diurnal revolution, fifteen degrees in sixty minutes, we must
pass over one degree in four mimrtes. It takes, therefore, four
minutes for us to overtake the sun, after we have made one
complete revolution. Hence the solar.day is about four minutes
longer than the sidereal ; and if wo were to reckon the sidereal
day twenty-four hours, we should reckon the solar day twenty-
four hours four minutes. To suit the ordinary purposes or
society, however, it is found more convenient to reckon the solar
days twenty-four hours. and threw the fraetion into the sidereal
day. Then,
24h.34m 241!.. T oth. m 56m. 4s.

That ia,when we reduce tmty-fourhmmamd four minutes to
twenty-four hours, the same. proportion will require that we
reduce the eideredl day from twenty-four hours to twenty-three
hours fifty-six minutes four secsnds ; or, in other words, a sidereal
day is such a part.of a solar day; The solar.days, however, do
not alwsys differ from the sldman:yprechelythe same fraction,
since they are nét constantly of the wsme length. Time, as
messured by the sun, is called apparent times, and a clock so
regulated as always to keep exactly with the sun, is said to keep
apparent time. - Mean tie is reckoned by the average length of
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all the solar days throughout the year. This is the period which
constitutes the civil day of twenty-four hours, beginning when
the sun is on the lower meridian, namely, at twelve o’clock at
night, and counted by twelve hours from the lower to the upper
meridian, and from the upper to the lower. The astronomical
day is the apparent solar day counted through the whole twenty-
four hours, (instead of by periods of twelve hours each, as in the
civil day,) and begins at noon. Thus, when it is the tenth of
June, at nipe o'clock, .M., :aocording to eivil time, the tenth of
June has not yet commenced by .astronemical time, mor will it,
until noon ; consequently, it is then June ninth, twenty-first
lour of astronomical time, Astronomers, since 80 many of their
ohservations are taken on the meridian, are always .supposed to
look towards the south. Geographers, having formerly been
conversant only with the northern hemisphere, are always
understood to be looking towards the north. Hence, left and
right, when applied to the astronomer, mean east and west,
respectively ; but to the geographer the right is east, and the
left, west.

Clocks are nsually regulated so as to indicate mean solar time;
yet, as this isan artifietal period not marked off, like the sidereal
day, by any natural event, it is necessary to know bow wunech is
to be added to, ur subtracted from, the apparent solar time, in
order to give the corresponding moan time. The interval, by
which apparent time differs from reean time, is called the ecqua-
ton of time. If ome clock is so -constructed as to keep exactly
with the sun, going faster or slower, according as the lengths of
the solar days vary, and anether clock is regulated to mean time,
then the difference of the two clocks, at any period, would be the
eguation of time for that moment. If the apparent clock ba
foster than the mean, then the equation of time must be sub-
iracted ; but if the apparent clock be slowerthan the mean, then
the eqmm«d' time must be added, to give the mean time. The
twe clocks would differ most about the third of November, when
tho apparent time is sixteen and ome-fourth minntes grester tlian
the mesn. Bat sines apparent time is sometimes greater and -
sometimes less then mean t’nne;vtbe two must obviously be some-
times equal to. each other. " This is the case four times a year,
namely, April fifieenth, June fifteenth, Sephmber first, and
December twenty-fourth., -

Astronomical clocks are made of the best wm*kma.nshlp, with
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every advantage that can promote their regularity. Although
they are brought to an astonishing degree of accuracy, yet they
are not as regula.r in their movements as the stars are, and their
accuracy requires to be frequently tested. The transit instru-
ment itself, when once accurately placed in the mendxa.n, affords
the means of testing the correctness of the elock, since one revo-
lution of & star, from the meridian to the meridian again, ought
to correspond exactly to twenty-four hours by the clock and to
continue the same, from day to day ; and the right ascensions of
various stams, as they cross the meridian, ought to be such by
the clock, as they are given in the tables, where they are stated
according to the accurate determinations of astronomets. Or, by
taking the difference of any two stars, on siiccessive days, it will
be seen whether the going of the clock is uniform for that part
of the day ; and by taking the right ascensions of different pairs
of stars, we may learn the rate of the clock at various parts of
the day. We thus learn, not only whether the clock accurately
measures the length of the sidereal day, but also whether it goes
uniformly from hour to hour.

Although astronomical clocks have been brought to a great
degree of perfection, so as hardly to vary a second for many
months, yet none are absolutely perfect, and most are so far from
it, as to require to be corrected by means of the transit instru-
ment, every few days. Indeed, for the nicest observations, it is
usanal not to attenpt to bmng the clock to a state of absolute
correctness, but, after bringing it as hear to such a state as can
conveniently be done, to ascertain how much it gains or loses in
a day ; that is, to ascertain the rats of its going, and to make
allowance accordingly.

Having considered the manner in which the smaller divisions
of time are measured, let us now take a hasty glance at the larger
periods which compose the calendar,

As a day is the period of the revolution of the earth on its
axis, 80 a year is the period of the revolution of the earth around
the sun. This time, which constitutes the astrongmioal year, has

ascertained with great exactness, and foung( to be three
hundred and sixty-five days five' hours forty-eight minutes and
fifty-one seconds. ' The most ancient nations detérmined the
nwmber of days it the year by means of the stylue, a perpendicular
rod which casts its shadow on a smooth plane bearing a meridian
line. The time when the shadow was shortest, would indicate
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the day of the summer solstice ; and the number of days which
elapsed, until the shadow returned to the same length agait.
would show the number of days in the year. This was found te
be three hundred and sixty-five whole days, and accordingly this
period was adopted for the civil year. Sucha difference, how
ever, betwegn the civil and astronomical years, at length threw
all dates into confusion. For if, at first, the summer solstice
happened on the twenty-first of June, at the end of four years
the sun would not have reached the solstice until the twenty
second of June ; that is, it would have been behind its time, At
the end of the next four years, the solstice would fall on the
twenty-third ; and in process of time it would fall successively
on every day of the year. The same would be true of any other
fixed' date,

Julius Coesar, who was distinguished alike for the variety and
extent of his knowledge, and his skill in arms, first attempted to
make the calendar conform to the motions of the sun :

Amidst the hurry of tumultuous war,
The stars, the gods, the heavens, were still his care”

Aided by Sosigenes, an Egyptian astronomer, he made the
first correction of the calendar, by introducing an additional day
every fourth year, making February to consist of twenty-nine
instead of twenty-eight days, and of course the whole year to
consist of three hundred and sixty-six days. This fourth year
was denominated Bissextile, becanse the sixth day before the
Kalends of March was reckoned twice, It is also called Leap
Year. . .

The Julian year was introduced into all the civilised nations
that submitted to the Roman power, and continued in general
use until the year 1582, But the true correction was not six
hours, but five hours forty-nine minutes ; hence the addition was
too great by eleven minutes. This small fraction would amount
in one hundred years to three-fourths of a day, and in one
thousand years to more than seven days. From the year 325 to
the year 1582, it had, in fact, amounted to more than ten days;
for it was known that, in 325, the vernal equinox fell on the
twenty-first of March, whereas, in 1582, it fell on the eleventh.
It was ordered by the Council of Nice, a celebrated ecclesinstical
council, held in the year 325, that Easter should be celebrated
upon the first Sunday after the first full moon next following
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the vernal equinox ; and as certain other festivals of the Romish
Church were appointed at particular seasons of the year, confusion
would result from such a wunt of eonstancy between any fixed
date and a particular season of the year. Suppose, for example,
s festival, acconipanied by numerouns religious ceremonies, was
decreed by the Church to be held at the time when the sun
crossod the equstor in the spring (an event hailed with great
joy, as the harbinger of the return of the summer), and that, in
tlie year 326, March twenty-first was designated as the time for
holding the festival, since, af that period, it was on the twenty-
first of March when the sun reached the equinox ; the next year
the sun would reach the equinox a little sooner than the twenty-
first. of March, only eleven minutes, indeed, but still amounting
in twelve hundred years to ten days ; that is, in 1582, the sun
reached the equinox om the eleventh of March. If, therefore,
they should continue to -vbserve the twentyffirst as a religious
festival in honour of this event, they would commit the absurdity
of celebrating it ten days after it had passed by. Tope
Gregory XIIL, who was them at the head of the Roman see,
was & mun of science, and undertook to reform the calendar, so
that fixed dates would always correspond to the same seasons of
the year. He first, decreed that the year should be brought
forward ten days, by veckeming the fifth of October the
fifteenth ; and, in order 4o prevent the calendar from falling into
confusion afterwards, he prescribed the following rule :—Every
year whose number s not divieible by four, without w remainder,
consigts of three lhundred and eixtyfive duysy. every year which
is s0 divisible, but is not divisible by one hundred, of three
kundred ond sixty-siz; every year- divisible by one hundred,
but not by four hmndred, againg of three hundred. and sivty-five;
and every year divisible by four hundred, of three hundred and
siaty-siz. .

Thus the year 1850, not being divisible by four, vontains three
nundred and sixty-five days, while 1852 and 1856.are leap years.
Yet, to make every fourth year comsist of ithree hundred and
sixty-gix days -would inarease it too much, by about three
fourths of.a .day in a sentury ; therefore every bundredth year
has only thyee hundred and sixty-five days. ‘Thus 1800, although
divisible by four, was not a lesp year, but a common vear. But
we have allowed & whole.day in & hundred years, whereas we
onght to have allowed only threefourths of a day. Hence, in four
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hundred years, we sbould allow a day too much, and therefore
we let the four hundreth remain z leap year. This rule involves
an error of less than a day in four thousand two hundred and
thirty-seven years. '

The Pope, who in that age assamed authority over all secular
princes, issued his decree to the reigning severeigns of Christen-
dom, commanding the observance of the calendar as reformed by
him. The decree met with great opposition among the Protestant
states, as they recogmised in it a new exercise of ecclesiastical
tyranny; and some of them, when they received it, made it
expressly understood, that their acquiescence should not be
construed as a submission to the Papal authority.

In 1752, the Gregorian year, or New Style, was established in
Ureat Britain by act of Parliament, and the dates of all deeds,
and other legal papers, were to be made according to it. As
above a century had then passed since the first introduction of
the new style, eleven days were suppressed, the third of Septem-
ber being called the fourteenth. By the same act, the beginning
of the year was changed from March twenty-fifth to January
first. A few persons burn previously to 1752 have survived to
our day, and we oceasionally see insecriptions on tombstones of
thase whose time of birth is recorded in old style. In order to
make this correspond to our present mode of reckoning, we must
add eleven daysto the date. Thus the same event wounld be June
twelfth of old style, or June twenty-third of new style; and it
an event oceurred between January first and March twenty-fifth,
the date of the year would be advanced one, since February 1,
1740, old style, would be February 1,1741, new style. Thus
General Washington was born February 11, 1731, old style, or
February 29, 1732, new style. If we inquire how any present
event may be made to correspond in date to the old style, we
must subtract twelve days, and put the year back one, if the
event lies between January first #nd March twenty-fifth. Thus
June tenth, new style, corresponds te May twenty-ninth, old
style ; and Mareh 20, 1840, to March 8, 1839. Trance, being a
a Roman Catholic eountry, adopted the new style soon after it
was decreed by the Pope ; but Protestant countries, as we have
seen, were much slower in adopting it; and Russia, and the
Greek Church generally, still adhere to the old style. In order,
therefore, to make the Russian dates correspond to ours, we
wust add to them twelve days,:
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It may seem very remarkable that so much pains should have
been bestowed upon this subject ; but without a correct and
uniform standard of time, the dates of deeds, commissions, and
all legal papers ; of fasts and festivals, appointed by ecclesiastical
authority ; the returns of seasons, and the records of history,—
must all fall into inextricable confusion. To change the ob-
servance of certain religious feasts, which have been long fixed
to particular days, is looked upon as an impious innovation ; and
though the times of the events, upon which these ceremonies
depend, are utterly unknown, it is still insisted upon by certain
classes in England, that the Glastonbury thorn blooms on
Christmas-day.

Although the ancient Grecian calendar was extremely de-
fective, yet the common people were entirely averse to its
reformation. Their superstitious adherence to these errors was
sutirised by Aristophanes, in his Comedy of the Clouds. An
actor, who had just come from Athens, recounts that he met
with Diana, or the moon, and found her extremely incensed,
that they did not regulate her course better. She complained
that the order of Nature was changed, and every thing turned
topsyturvy. The gods no longer knew what belonged to them :
but, after paying their visits on certain feast-days, and expecting
to meet with good cheer, as wusual, they were under the
disagreeable necessity of returning back to the skies without their
suppers !

Among the Greeks, and other ancient nations, the length of
the year was generally regulated by the course of the moon.
This planet, on acconnt of the different appearances which she
exhibits at her full, change, and quarters, was considered by
them as best adapted of any of the celestial bodies for this
purpose. As one lunation, or revolution of the moon around
the earth, was found to be completed in about twenty-nine and
one-half days, twelve of these periods being supposed equal to
one revolution of the sun, their months were made to consist of
twenty-nine and thirty days alternately, and their year of three
hundred and fifty-four days. But this disagreed with the
annual revolution of the sim, which must evidently govern the
seasons of the year, mote than eleven days. The irregularities,
which such a mode of reckoning would oceasion, must have
been too obvious not to have been observed. For, supposing it
to have been settled, at any particular time, that the beginning
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of the year should be in the Spring; in about sixteen years
afterwards the beginning would have been in Autumn ; and in
thirty-three or thirty-four years it would have gone backwards
through all the seasons to Spring again. This defect they
attempted to rectify, by introducing a-number of days, at certain
times, into the calendar, as occasion required, and putting the
beginning of the year forwards, in order to make it agree
with the course ef the sun. But as theso additions, or inter-
calations, as they were called, were generally left to be regulated
by the priests, who, from motives of interest or superstition,
frequently omitted them, the year was made long or short at
pleasure.

The week is another division of time, of the highest antiquity,
which, in almost all countries has been made to consist of seven
days,—a period supposed by some to have been traditionally
derived from the creation of the world ; while others imagine it
to have been regulated by the phases of the moon. The names,
Saturday, Sunday, and Monday, are obviously derived from
Saturn, the Sun, and the Moon ; while Tuesday, Wednesday,
Thursday, and Friday, are the days of Tuisco, Woden, Thor, and
Friga, which are Saxon names for deities correspond.ing to Mars,
Mercury, Jupiter, and Venus.*

The common year begins and ends on the same day of the
week ; but leap year ends one day later than it began. TFifty-two
weeks contain three hundred and sixty-four days ; if, therefore
the year begins on Tuesday, for example, we should complete
fifty-two weeks on Monday, leaving one day (Tuesday) to com-
plete the year, and the following year would begin on Wednes-
day. Hence, any day of the month is one day later in the week
than the correspondinug day of the preceding year. Thus, if the
sixteenth of November, 1838, falls on Friday, the sixteenth of
November, 1837, fell on Thursday, and will fall, in 1839, on
Saturday. But if leap year begine on Sunday, it ends on
Monday, and the following year begins on Tuesday ; while any
given day of the month is two days later in the week than the
corresponding ‘date of the preceding year. '

* Bounycasile’s Astronenty.
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Corermicys, a native of Thorn, in Prussia, was born in 1473.
Though destined for the-prafession of medicine, from his earliest
years he displayed a great fondness and genius for mathematical
studies, and pursued them with distinguished success in the
University of Cracow, At the age of twenty-five years, he
resorted to Italy, for the purpose of studying astrenomy, where
he resided a number of years, Thus prepared, he returned to
bhis native country, and, having acquired an ecclesiastical living
that was adequate to his support in his frugal mode of life, he
established himself at Fravenberg, a small town near the mouth
of the Vistula, where he spent nearly forty years in observing
the heavens, and meditating on the celestial motions, IHe occu-
pied the upper part of a humble farm-house, through the roof of
which he could find access to an unobstructed sky, and there he
carried on his dbeervations. His instruments, however, were
few and imperfect, and it dees not appear that he added any
thing te the art of practical astronomy. This was reserved for
Tycho Brahe, who came half a century after him. Nor did
€opernicus enrich the science with any important discoveries.
It was not so much his genius or taste to search for new bodies,
or new phenomens among the stars, ng it was to explain the
reasons of the most obvious and well-known appesrances and
motions of the heavenly bodies. With this view, he gave his
mind to long-continued and profound meditation, , -
“Copernicus tells us that he was first led to think that the
apparent.motions of the heayvenly bodies, in their diurnal revo-
tion, were awing to the real motion of the earth in the opposite
direction, from observing instances of the same kind awmong
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terrestrial objects ; as when the shore seems to the mariner to
vecede, as he rapidly sails from it ; and as the trees and other
objects seem to glide by us, when, on riding swiftly past them,
we lose the consciousness of our own motion. He was also
smitten with the simplicity prevalemt in all the works and
operations of nature, which is more and more conspicuous the
more they are understood ; and he hence concluded that the
planets do not move in the complicated paths which most pre-
ceding astronomers assigned to them. I shall explain, bereafter,
the details of his system. I need only at present remind the
reader that the hypethesis which he espoused and defended,
(being substantially the same as that proposed by Pythagoras,
five liundred years Lefore the Christian era,) supposes, first, that
the apparent movements of the sun by day, and of the moon and
stars by night, from east to west, result from the actual revolu-
tion of the earth on its own axis from west to east; and,
secondly, that the earth and all the planets revolve about the
sun in circular orbits. This hypoethesis, when he first assumed
1t, was with him, as ib had been with Pythagoras, little more
than mere conjecture. The arguments by which its truth was to
be finally established were not yet developed, and could not be,
without the aid of the telescope, which was net yet invented.
Upon this hypothesis, however, he set ont to explain all the
phenomena of the visible heavens,—as the diurnal revolutions of
the sun, moon, and stars, the slow progress.of the planets through
the signs of the zodiac, and the numerous irregularities to which
the planetary motions are subject. These last are apparently so
capricious,—being for some time forward, then stationary, then
backward, then stationary again, and finally direct, asecond time,
to the order of the sigus, and constantly varying in the velocity of
their movements,~that nothing but. long-continued and severe
meditatien could havesolved all these appearances, in eonformity
with the idea that each planst is pursuing its simple way all the
while in a cirele around the sum. Although, therefore, Pytha~
goras fathomed the profound doctirine that the sun is the centre
around which the esrth and all the planets revolve, yet we bhave
no evidence that he ever solved the irregular motions of the
planets in eonformity with his hypothesis, although the explana-
tion of the diurnal revolution of the heavens, by that hypothesis,
mvolved no difficalty. Ignorant as Cepernicus was of the prin

ciple of gravitation, and of most of the laws of motion, he could
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go but little way in followipg out the consequences of his own
hypothesis ; and all that can be claimed for him is, that he
solved, by means of it, most of the common phenomena of the
cclostial motions, He indeed got upon the road to truth, and
advanced some way in its sure path ; but he was able to adduce
but few independent proofs, to show that it was the truth. It
was only quite at the close of his life that he published his
system to the world, and that only at the urgent request of his
#riends ; anticipating, perhaps, the opposition of a bigoted priest~
hood, whose fury was afterwards poured upon the head of
Galileo, for maintaining the same doctrines.

Although, therefore, the system of Copernicus afforded an
explanation of the celestial motions, far more simple and Tational
than the previous systems which made the earth the centre of
these motions, yet this fact alone was not sufficient to compel the
assent of astronomers ; for the greater part of the same pheno-
mena could be explained with. tolerable consistency on either
hypothesis. With the old doctrine astronomers were already
familiar, a circumstance which made it seem easier ; while the
new doctrines would seem more difficult, from their being imper-
fectly understood. Accordingly, for nearly a century after the
publication of the system of Copernicus, he gained few disciples.
Tycho Brahe rejected it, and proposed one of his own, of which I
shall hereafter give some account ; and it would probably have
fallen quite into oblivion, had not the observations of Galileo,
with his newly-invented telescope, brought to light innumerable
proofs of its truth, far more cogent than any which Copernicus
himself had been able to devise.

Galileo no sooner had completed his telescope, and directed it
to the heavens, than a world of wonders suddenly burst upon his
enraptured sight. Pointing it to the moon, he was presented
with a sight of her mottled disc, and of her mountains and
valleys. The sun exhibited his spots; Venus, her phases ; and
Jupiter, his expanded orb, and his retinue of moons. These last
he named, in honour of his patron, Cosmo de’ Medicl, Medicean
stars.  So great was the honour deemed of associsting one’s name
with the stars, that express application was madeto Galileo, by
the court of France, to award this distinction to the reigning
monarch, Henry IV, with plain intimations, that by so doing
he would render himself and his family rich and powerful for

. 8yer.
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Galileo published the result of his discoveries ir a paper, deno-
winated “ Nuncius Sidereus,” the “ Mesgsenger of the Stars,” In
that ignorant and marvellous age, this publication produced a
wonderful excitement. “Many doubted, many positively refused
to believe, 80 novel an announcement ; all were struck with the
greatest astonishment, according to their respective opinions,
either at the new view of the universe thus offered to them, or at
the high andacity of Galilee, in' inventing such fables.” Even
Kepler, the great German astronomer, to whom I shall refer
more particularly by and by, wrote to Galileo, and desired him
to supply him with arguments, by which he might answer the
objections to these pretended discoveries with which: he was
continually assailed. Galileo answered him as follows : “In the
tirst place, I retwrn you my thanks that yon first, and almost
alone, before the question had been sifted, (such is your candour,
and the loftiness of your mind,) put faith in my assertions. You
tell me yoa have some telescopes, but not sufficiently good to
magnify distant objects with clearness, and that you anxiously
expect a sight of mine, which magnifies images more than a
thousand times. It is mine no longer, for the Grand Duke ot
Tuscany has asked it of me, and intends to lay it up in his
museum, among his most rare and precious curiosities, in eternal
remembrance of the invention.

“You ask, my dear Kepler, for other testimonies. I produce,
for one, the Grand Duke, who, after observing the Medicean
planets several times with me at Pisa, during the last months,
made me a present at parting of more than a thousand florins,
and has now invited me to attach myself to him, with the annual
salary of one thousand florins, and with the title of ¢ Philosopher
and Principal' Mathematician to His Highness ; without the
duties of any office to perform, but with the most complete
leisure. .1 produce, for another witness, myself, who, although
already endowed in this college with the noble salary of one
thousand floring, such as no professor of mathematics ever before
received, and which I might securely enjoy during my life, even
if these planets ghould deceive me and should disappear, yet quit
this situation, and take me where want and disgrace will be my
punishment, should T prove to have been mjstaken.” -

The learned professors in' the universities, who, in those days,
were unaccustomed to employ their senses in’ inquiring into the
phenomena of nature, but satisfied themselves with the authority

B
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of Aristotle, on all subjects, were among the most incredulous

" with respect to the disgoveries of Galileo. “ Oh, my dear Kepler,”
said Galileo, “how I wish that we eould have one hearty laugh
together. Here, at Padua, is the principal professor of philo-
sophy, whom I have repeatedly and urgently requested to look
at the moon and planets throagh my glass, which he perti-
naciously refuses to do. Why are you not here ¥ What shouts
of laughter we should have at this glorious folly, and to hear
the Professor of Philosophy at Pisa labouring before the Grand
Duke, with logieal arguments, as if with magical incantations, to
charm the new planets out of the

The follewing argument by Sizzi, & contemporary astronomer
of some note, to prove that there can be only seven planets, is a
specimen of the logic with which Galileo was aseailed, “There
are seven windows given to animals in the domicile of the head,
throngh which the air is admitted to the tabernacle of the body,
to enlighten, to warm, and to nourish if ; which windows arce
the principal paxts of the microcoam, or little world,—two
nostrils, two eyes, two ears, aud one mouth, So in the heavens,
as in a macrocosm, or great ‘world, there are two favourable
stars, Jupiter and Venus ; two unpropitious, Mars and Saturn ;
two luminaries, the Sun and Moon ; and Mercury slone, unde-
cided and indifferent. From which, and from many other phe-
nomens of nature, such as the seven metals, &c., which it were
tedious to enumerate, we gather that the number of planets is
necessarily seven. Moreover the satellites are invisible to the
naked eye, and thorefore can exercise no influence over the
earth, and therefore would be useless, and therefore do not exist.
Besides, as well the Jews and other ancient nations, ss modern
Europeans, have adopted the division of the week into seven
days, and have named them from the seven planets. Now, if
we increase the number ©f planets, this whole syatem falls to ths
gmnd ”

When, at length, the ast:mnomera of the m:hools found it
nseless to deny the fact that Jupiter is attended by smaller
bodies, which revelve sround. him, they shifted their ground of
me,mdmémmbommmmewhoh truth ;
that there were mot mercly four satellites, but & still greater
auther:; one said - five ;. ancther nine; and anotber, twelve ;

" but, in & litkle me, Jupiter moved forwwd in hiserbit, and left
il behind him, save the. four Medicesn stara, v
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It had been objected to the Copermican system, that were
Venus a body which revolved around the sun in an orbit interior
to that of the earth, she would undergo changes similar to those
of the moon. As no such ¢hanges could be detected by the
naked eye, nd’ satisfactory answer could be given to this objec-
tion ; but the telescope set all right, by showing, in fact, the
pha.qes of Venus. The same instrument, disclosed also, in the
system of Jupiter and his moons, a miniature exhibition of the
solar system itself. It showed the actual existence of the motion
of o number of bodies around one central orb, exmetly similar te
that which was predicated of the sun and planets, Every one,
thervefore, of these new and interesting discoveries, helped to
confirm the truth of the system of Copernicus,’

Jut a fearful cloud was now rising over Galileo, which epread
itself, and grew darker every hour. The Church of Rome had
taken alarm at the new doctrines respecting the earth’s motions,
as contrary to the declarations of the Bible, and a formidable
difficulty presented itself, namely, how tc publish and defend
these doctrines, without invoking the terrible punishments
inflicted by the Inquisition on heretios. No work could be
pnnted without license from the court of Rome ; and any opi-
nions supposed to be held and much more kndwn to be taught
by any one, which, by an ignorant and siperstitious priesthood,
could be interpreted as gontrary to Scripture, would expose the
offender to the severest punishments, even to imprisonment,
scourging, and death, We, who live in an age so distinguished
for freedom 'of thought and opinion, can form but a very insde-
quate’ conception of the bondage in which the minds of men
were held by the chaing of the Inquisition. It was necessary,
therefore, for @alileo to proceed with the greatest, caution in
promulgatihg truths which his own discoveries had confirmed.
He did not, liké the Christian martyrs, proclaim the truth in the
face of persecutions and tortures ; but while he sought to give
currency to the Copernican- doch'mes, he laboured at the same
time, by cuximing artifices, to blind the-de tics to his real
designs, and thits to escape the effocts of their Bostility, -

Before Galiled published his doctrines in‘form, he had expr
himself ad ﬂ'eoly, a8 to have excited much ‘alarm ameng the
ecclesiastita: ' One of them preached publicly against him, taking
for his text tfie passage, “ Ye rmen of Galilee, why stand ye here
gazing up into heaven?1” He therefore thought it prudentte



260 - THE ORBS OF HEAVEN

wesort to Rome, and confront his enemies face to face, A con-
temporary describes his appearance there in the following terms,
in a letter addressed to a Romish Cardinal : “ Your Eminence
would be delighted with Galileo if you heard him holding forth,
as he often does, in the midst of fifteen or twenty, all violently
attacking him, sometimes in one house, sometimes in another.
But he is armed after guch fashion, that he langhs all of them to
scorn ; aud even if the novelty of his opinions prevents entire
persuasion, at least he covvicts of emptiness most of the argu-
ments with which his adversaries endeavour to overwhelm
mm.”

In 1616, Galileo, as he himself states, had a most gracious
nudience of the Pope, Paul V, which lasted for nearly an
hour, at the end of which his Holiness assured him, that the
Congregation were no longer in a humour to listen lightly to
calumnies against him, and that so long as he occupied the Papal
chair, Galileo might think himself out of all danger. Neverthe-
less, he was not allowed to return homs, without receiving formal
notice not Lo teach the opinions of Copernicus, “that the sun is
in the centre of the systemn, and that the earth moves about it,”
from that time forward, in any manner.

Galileo had a most sarcastic vein, and often rallied his perse-
cufors with the keenest irony. This he exhibited, some time
after quitting Rome, in an epistle whigh he sent to the Arch-
duke Leopold, accompanying his “ Theory of the Tides.” ¢ This
theory,” says he, “occurred to me when in Rome, whilst the
theologians were debating on the prohibition of Copernicus’s
book, and of the opimion maintained in it of the motion of the
earth, which I at that time believed ; until it pleased those
gentlemen to suspend the book, and to declare the opinion false
and repugnant to the Holy Scriptnres, Now, as I know how
well it becomes me to obey and believe the decisions of my
su}.eriors, which proceed out of more profound knowledge than
the weakpess of my intellect can attain to, this theory which I
send you, which jg founded on the motion of the egrth, ¥ now
look upon as a fittion sud a dream, and beg your Highness to
receive it as suclw But, a3 poets often learn to prize the crea-
tions of their faney, =0, in like manner, do I set somb value on
this absurdity of mime. It is trae, that when I sketched this
tittle work, I did hope that Copernicus would not, after eighty
yoazg, be conyicted of ervor ; and I had intended to dévelope and
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amplify it farther ; but a voice from heaven suddenly awakened
me, and at once annihilated all my confused and entangled
fancies,”

It is difficult, however, sometimes to decide whether the
langnage of Galileo is iromical, or whether he uses it with
subtlety, with the hope of evading the anathernas ‘of the Iuquisi-
tion. Thus he ends one of his wrilings with the folowing
passage : “In conclusion, since the motion attributed to the
earth, which I, as a pious and Catholic person, consider most
false, and not to exist, accommodates itself so well to explain
so many and such different phenomena, I shall not feel sure
that, false as it is, it may not just as deludingly correspond
with the phenomena of comets.”

In the year 1624, soon after the accession of Urban VIIL to
the pontifical chair, Galileo went to Rome again, to offer his
congratulations to the new Pope, as well as to propitiate his
favour. He seems to have been received with unexpected cor-
diality ; and on his departure the Pope commended him to the
good graces of Ferdinand, Grand Duke of Tuscany, in the
following terms : “ We find in him not ¢nly literary distinction,
but the love of piety, and he is strong in those qualities by which
Pontifical good-will is easily obtained. And now, when he has
been brought to this city to congratulate Us on Our elevation,
‘We have lovingly embraced him ; nor can We suffer him to
return io the country whither your liherality recals him, with-
out an ample provision of Poutifical love, And that you may
know how dear he is to Us, we have willed to give him this
honourable testimonial of virtue and piety. And We further
signify, that every benefit which you shall confer upon him will
conduce to Qur gratification.”

In the year 1630, Galileo finished a grest work, on which he
had been long engaged, entitled, “ The Dialogue on the Ptolemaic
and Copernican systems.” From the notion which prevailed,
that he still countenanced the Copernican doctrine of the earth’s
motion, which had been condemned as heretical, it was some
time before he could obtain permission from the Inquisitors
(whose license was necessary to every book) to publish it. This
he was able to do, only by employing again that duplicity or
artifice which would throw dust in the eyes of the vain and
superstitious priesthood. In 1632, $he work appeared under the
following title; “ A Dialogue, by Galileo Galilei, Extisordinary
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Mgthematician of the University of Pisa, and Pruacipal Philo-
popher and Mathematician of the Most Serene Grand Duke of
Tuscany ; in which, in a conversation of four days, ate discussed
the two principal Systems of the World, the Ptolemaic and
Copernican, indeterminately proposing the Philosophical Argu-
ments as well on one side as on the other.” The subtle disgume
which he wore may be scen from the follawing “ Introduciun,”
addressed ©To the discreet Reader.”

“ Some years ago, a salutary edict was promulgated at Rome,
which, in order to obviate the perilous scandals of the present
age, enjoined an opportune silence on the Pythagorean opinion
of the earth’s motion. Some were not wanting, who rashly
asserted that this decree originated not in a judieious exami-
nation, but in ill-informed passion ; and complaints were heard,
that counsellors totally inexperienced in astronomical observa-
tions ought mot, by hasty prohibitions, to clip the wings of
speculative minds. My zeal could not kecp silence when I
heard these rash Inmentations, and I thought it proper, as being
fully informed with regard to that most prudent determination,
to appear publicly on the theatre of the world, as a witness of
the actual truth. T happened at that time to be in Rome: I
was admitted to the audiences, and enjoyed the approbation, of

«he most eminent prelates of that court ; nor did the publication
of that decres occur without my receiving some prior intimation
of it. Wherefore it is my intention, in this present work,
to show to foreign nations, that as much as is known of this
matter in Italy, and particularly sn Rome, ns ultramontane
diligence can ever have formed any motion of, and collecting
together all my own speculations on the Copernican system, to
give them fo understand that the knowledge of all these preceded
the Roman censures ; and that from this country procsed not
only dogmas for the salvation of the soul, but also ingenious
discoveries for the gratification of the understanding. With this
ohject, I have taken up in the “Dialogue’ the Copernican side
of the question, treating itusa.‘pure mathematioal hypethesis ;
and endeavouring, in every artificis]l manner, to yepresent it as
having the advantage, not over the opinion of the atability of the
earth absolutely; but avcording te the msnner in which that
opinion is defended by weme, who indeed profess-to be Aristo-
telians, but retaia only the name, and are cenyewvted, without
{wprovement, to worship shadows, not philosophising with their
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own reason, but only from the recollection of the four principles
imperfectly understood.”

Although the Pope himself, as well as the Inquisitors, had
examived Galileo’s manuscript, aud, not having the sagacity to
detect the real motives of the author, had consented to its
publication, yet, when the book was out, the enemies of Galileo
found means to alarm the court of Rome, and Galileo was sum-
moned to appear before the Inquisition. The philoscpher was
then seventy years old, and very infirmy, and it was with great
difficulty that he performed the journey. His unequalled dignity
and celebrity, however, added to the influenee of powerful friends,
commanded the respect of the tribunal before which he was
suminoned, which they manifested by permitting him to reside
at the palace of his friend, the Tusean Ambassador ; and when
it became necessnry, in the course of the inguiry, to examine him
in person, although his removal to the Holy Office was then
insisted upon, yet he was not, at first, like other heretios, com-
mitted to close and solitary confinement. On the contrary, he
was lodged in the apartments of the Head of the Inquisition,
where he was allowed the attendance of his own servamt, who
was also pormitted to rleep in an adjoining room, and to come
and go at pleasure. These were justly deemed extraordinary
indulgences in an age when the punishment of heretics usually
began before their trial. It has recently, however, been put
beyond doubt, by the investigations of an eminent Glermaxn
scholar, that the aged philosopher did not submit to abjure the
great truths he had established by his discourses, until he had
been subjected to the horrid torture of the rack.

About four months after Galileo’s arrival in Rome, he was
summoned to the Holy Office. He was detained there during
the whole of that day ; and on the next day was econducted, in a
penitential dress, to the Convent of Minerva, where the Cardinale
and Prelates, his judges, were assembled for the purpose of
passing judgment upon him, by which this venerable old man
was solemmly called upon to rencunce and abjuro, as impious and
heretical, the opiniens which his whole existence had been oon-
secrated to form and stremgthen, Probably there is not a more
curious document, in the bistory of science, than that which con-
tains the sentence of the Inquisition on Galileo, and his conge-
quent abjuration, Tt teaches us so much, both of the darkness
and bigotry of the terrible Inquisition, and of the sufferings
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encountered by those early martyrs of science, thas I transcribe,
from the excellent “Life of Galileo,” in the “Library of Useful
Knowledge,” (from which I have borrowed much already,) the
entire record of this transaction. The sentence of the Inquisition
is as follows 7— )

“We, the undersigned, by the grace of God, Cardinals of the
Holy Roman Church, Inquisitors General throughout the whole
Christian Republic, Special Deputies of the Holy Apostolica.
Chair against heretical depravity :

“ Whereas, you, Galileo, son of the late Vincenzo Galilei, of
Florenoce, aged seventy years, were denounced, in 1615, to this
Holy Office, for holding as true o false doctrine taught by many,
namely, that the sun is immoveable in the centre of the world,
and that the earth moves, and also with & diurnal motion ; also,
for having pupils which you instructed in the same opinions;
also, for maintaining a correspondence on the same with some
German mathematicians ; also, for publishing certain letters on
the golar spots, in which you developed the same doctrine as
trup ; also, for answering the objections which were continually
produced from the Holy Scriptures, by glozing the said Serip-
tures, according to your own meaning ; and whereas, thereupon
was produced the copy of a writing, in form of a letter, pro-
feasedly written by you to a person formerly your pupil, in which
following the hypothesis of Copernicus, you include several pro-
positions contrary to the true sense and authority of the Holy
Scriptures ; therefore, this Holy Tribunal, being desirous of
providing against the disorder and mischief which was thence
proceeding and increasing, to the detriment of the holy faith,
by the desire of His Holiness, and of the Most Eminent
Lords Cardinals of this supreme and wuniverssl Inquisition,
the two propositions of the stability of the sun, and motion
gnﬁheearth.wm qualified by the Theological Qualifiers s

WA
":11. Thamm&&tthemisinthemmofthewoﬂd,
immgvan/ its place, is.absurd, philosophically false,
and fosmm“‘rmdly horetical ;+hecause it is expressly contrary to the

‘The proposition that the earth is not the centre of the

world, nor immovesbla, but that it moves, and also with 4 dinrnal

Jis also absurd, philosophically false, and, theologically
equally erroneons in faith.
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“ But whereas, being pleased at that time to deal mildly with
you, it was decreed in the Holy Congregation, held before His
Holiness on the twenty-fifth day of February, 1616, that His
Eminence the Lord Cardinal Bellarmine should enjoin you to
give up altogether the said false doctrine ; if you should refuse,
that you should be ordered by the Commissary of the Holy Office
to relinquish it, not to teach it to others, nor to defend it, and in
default of the acquiescence, that you should be imprisoned ; and
in execution of this decree, on the following day, at the palace,
in presence of His Eminence the said Lord Cardinal Bellarmine,
aftor you had been mildly admonished by the said Lord Cardinal,
you were commanded by the acting Commissary of the Holy
Orfice, before a notary and witnesses, to relinquish altogether the
said false opinion, and, in future, neither to defend nor teach it
in any manner, ueither verbally nor in writing, and upon your
promising obedience, you were disminsed.

“And, in order that so pernicious a doctrine might be alto-
gether rooted out, nor insinuate itself farther to the heavy detri~
ment of the Catholic truth, a decree emanated from the Holy
Congregation of the Index, prohibiting the books which treat of
this doctrine ; and it was declared false, and altogether contrary
to the Holy and Divine Scnpture

“ And whereas, a book has since appeared, published at Florence
last year, the title of which showed that you were the author,
which title is, ¢ Zhe Dialogue of Galileo Gulilei, on the two prin-
cipal Systems of the World, the Plolemuic and C’opemicdn; ? and
whereas, the Holy Congregation has heard that, in consequence
of printing the said book, the false opinion of the earth’s motion
and stability of the sun is daily gaining ground ; the said book
has been taken into caveful consideration, snd in it has been
detected a glaring violation of the said order, which had been
intimated to you; inasmuch as in this book you have defended
the said opinion, already, and in your presence, condemned ;
although, in the same book, you labour, with many cxrcumlocu-
tions, to induce the belief that it is lefy by you undecided, and -
1n express terms probable ; which is equally a very grave error,
since an opinion can in mo way be probable which has been
already declared and finally-deteérmined contrary to the Divine
Scripture, Thevefore, by Our order, you have been cited to this
Holy Office,'where, on your examination upon vath, you have
acknowledged the said book as written and printed by you. You
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alsoconfessedthatyoubegmt.ownbethesmlbookten ar
twelve years ago, after the order aforesaid had been given. Also,
that you demanded license to @n'bhsh 1t, but without sxgmfymg
to those who granted you this permission, that you had been
eommanded not to hold, defend, or teach, the said doctrine in any
manner. You also confessed that the style of the said book was,
in many places, so composed, that the reader might think the
arguments adduced on the false side to be se worded, as more
effectually to entangle the understanding than to be easily solved,
alleging, in excuse, that you have thus run into an errer, foreign
(as you say) to your intention, from writing in the form of a
dialogue, and in consequente of tbe natural omnplacendy ‘which
every one feels with regard to his own subtilties, and in showing
himself more skilful than the generality of mankind in contriving,
even in favour of false pwpommns, ingenious and apparently
probable arguments.

“And, upon & convenient time being given yon for making
your defence, you produced a certificate in the hand-writing of
His Eminence, the Lord Cardinal Bellarmine, procured, as you
said, by yourself, that you might defend yourself against the
calumnies of your enemies, who reported that you had abjured
your opinions, and had been punished by the Holy-Office ; in
which certificate it is declared, that you had mot abjured nor
had been punished, but merely that the derlaration made by His

‘Holiness, and promulgated by the Holy Cengregation of the
Index, had been announced to you, which declares that the
opinion of the motion of the earth and stability of the sun, is
contrary to.the Holy Seriptures, and therefore cannot be held or
defended. . Wherefore, since no mention-is there madp of two
axticles of the order, to wit, the order’ not to teach,” and ‘in any
manner,’ youm-gned that we cughtt it believe that, in the lapse
sof fourteen or sixteen years, they had escaped your memory, and
that this was also the reason why you were silent ag $o the order,
when yost, sought permission to publish your book, snd that this
“ umdbyw,mmemmyourm,wﬂmtmmy be abkri-
buted to vain-glovious ambition Tather than to maalipe. But this
wvery cextificate, pmdueadnn your behalf, has greably aggravated
your offence, it is therein dbclared that the 'said;ppinion is
conttary %o the Holy Scriptures, and yet you haws §aped to troat
ofit,mdtowgnwtlm!tnpmhnble nor is thene.any extenua-
4ion in the tipense arifally and cunningly exterked by, you, since



COPERNICUS AND GALILLO 207

you did not intimate the command imposed upon you. Dut
whereas, it appeared to Us, that you had not disclosed the whole
truth with regard to your intentions, We thought it necessary
to proceed to the rigarous examination of you, iu which (without
any prejudice to what you had confessed, and which is above
detailed against you, with regard to your said intention) you
answered like a good Catholie.

« Therefore, havieg seen and maturely considered the merits
of your catise, with your said confessions and excuses, and every-
thing else which ought to be seen and considered, We have come
to the underwritten final sentence against you :

% Invoking, therefore, the most holy name of our Lord Jesus
Christ, and of his Most Glorious Virgin Mother, Mary, by this
Our final sentence, which, sitéing in council and judgment for
the tribunal of the Reverend Masters of Sacred Theology, and
Doctors of both Laws, Qur Assessors, We put forth in this
writing touching the matters and controversies before Us, be-
ween the Magnificent Charles Sincerus, Doctor of both Laws,
Fiseal Proctor of this Holy Office, of the one part, and you,
Galileo. Galilei, an examined and confessed criminal from this
present writing now in progroess, as above, of the other part, We
pronounce, judge, and declare, that you, the said Galileo, by
reason of these things which have been detailed in the course of
this writing, and which, as above, you have confessed, have ren-
dered yourself vchemently suspected, by this Holy Office, of
heresy ; that is to say, that you believe and hold the false doc-
trine, and contrary to the Holy and Divine Scriptures, namely,
that the sun is the centre of the world, and that it dees not move
from east to west, and that the earth'does move, and is not the
centre of the world ; alss, that an opinion can be héld and sup-
ported, as probable, after it has been declared and finally decreed
contrary to the Holy Scripture, and, eonsequently, that you have
incurred all the censures and penalties enjoined and promulgated
in the sacred canons, and other gemeral and particular constitu~
tions against delinguents of this description. From which it is
Our pleasusie that you be shsolved, provided that, with a sincere
heart and unfeijmed faith, in Qur presence, you abjure, curie, and
detest, €he sald errors a.nd heresies, and every other error and
heresy, oontrary to the Catholic and Apostolic Ghm-ch of Rome,
in the form now shown to you,

“But thibgur grievous and pernicious error and transgression
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may not go altogether unpunished, and that you may be made
more cautious in future, and may he a warning to others to
abstain from delinquencies of this sort, We decree, that the book
of the Dialognes of Galileo Galilei be prohibited by a public
edict, and We condemn you to the formal prison of this Holy
Office for a period determinable at Our pleasure ; and, by wey of
salutary penance, We order you, during the next three years, to
recite, once a week, the seven penitential psalms, reserving to
Ourselves the power of moderating, commuting, or taking off the
whole or part of the said punishment or penance.

“And so We say, pronounce, and by Our sentence declare,
decree, and reserve, in this and in every other better form and
manner, which lawfully We may and can use. So We, the
subgeribing Cardinals, pronounce.” [Bubscribed by seven Car-
dinals.)

In conformity with the foregoing sentence, Galileo was made
to kneel before the Inquisition, and make the following 4&jura-~
tion s—

1, Galileo Galilei, son of the late Vincenzo Galilei, of Florence,
aged seventy years, being brought personally to judgment, and
kneeling before you, Most Eminept and Most Reverend Lords
Cardinals, General Inquisitors of the Universal Christian Re-
public against heretical depravity, having before my eyes the
Holy Gospels, which I touch with my own hands, swear, that I
have always believed, and, with the help of God, will in futurs
believe, every article which the Holy Catholic and Apostolie
Church of Rome holds, teaches, and preaches. But, because 1
had been enjoined, by this Holy Office, altogether to abandon
the false opinion which maintains that the sun is the centre and
timmoveable, and forbidden to hold, defend, or teach, the said
false doctrine, in any manner ; and after it had been signified to
me that the said doctrine is repugnant to the Holy Seripture, I
have written and printed a book, in which I treat of the same
doctrine now condemned, and adduce reasons with great force in
support of the same, without giving any solution, aud therefore
have been judged grievously suspected of heresy; that is to say,
that I held and believed that the sun is the centre of the world
and immoveable, and that the earth is not the centre and move-
able ; willing, therefore, to remove from the minds of Vour
Eminences, and of every Catholic Christian, this yehement sus-
picion rightfully entertained towards me, with a sincere heart
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and unfeigned faith, I abjure, curse, and detest, the said errors
and heresies, and generally every other error and sect contrary
to the said Holy Church ; and I swear, that I will never more
in future say or assert anything, verbally or in writing, which
may give rise to a sbmilar suspicion of me ; but if I shall know
any heretic, or any one suspected of heresy, that I will denounce
him to this Holy Office, or to the Inquisitor and Ordinary of the
place in which I may be. I swear, moreover, and promise, that
I will fulfil and observe fully, all the penances which have been
or shall be laid on me by this Holy Office. But if it shall happen
that I violate any of my said promises, oaths, and protestations
(which God avert !) 1 subject myself to all the pains and punish-
nents which have been decreed and promulgated by the sacred
canons, and other general and partieular comstitutions, against
delinquents of this description. So may God help me, and his
Holy Gospels, which I touch with my own hands. I, the above-
named Galileo Galilei, have abjured, sworn, promised, and bound
myself as above; and, in witness thereof, with my own band
have subscribed this present writing of my n.bjura.tmn, which I
have recited, word for word.

“ At Ihome, in the Convent of Minerva, twenty-second of June
1633, I, Galilev Gulilei, have abjured as above, with my own
hand.”

. Rising from his knees, after this humiliating he, wrung from
the aged philosopher by such horrible means, he turned to one
who stood near, and exclaimed, “ & pur s¢ muove.” For all this,
it does move ! .

*  From the court Galileo was conducted to prison, to be immured
for life in one of the dungeons of the Inquisition. His sentence
was afterwards mitigated, and he was permitted to return to
Florence ; but the humiliation to which he had been subjected
pressed cven more heavily on his spirits than the cruel tortures
which had been inflicted on him, beset as he already was with
infirmities, and totally blind, ana he never more talked ov wrote
on the subjegh of astronomy. .

There is enpugh in the character. of Galileo to command a-high
admiration. There is much, also, in, his sufferings in the cause
of science, to excite the deepest sympathy, and even compassion.
He is, moreover, universally represented to-have bsen a man of
great equanimity, and of a noble and generous disposition. No.
ecientific character of the age, or perhaps of any sage, forms a
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staucture of finer proportions, or wears in a higher degree the
crace of symmetry. Still we cannot but regret his employing
artifice in the promulgation of truth ; and we are compelled to
lament that his lofty spirit bowed in the final conflict. How far,
therefore, he minks below the dignity of the Christian martyr !
“ At the age of seventy,” says Dr. Brewster, in his Life of Sir
Isaac Newton, “on his bended knees, and with his right hand
resting on the Holy Evangelists, did this patriarch of seience
avow his present and past belief in the dogmas of the Ronush
Church, abandon as false and heretical the doctrine of the earth’s
motion and of the sun’s iminobility, and pledge himself to
denounce to the Inquisition any other person who was even
suspected of heresy. He abjured, cursed, and detested, those
eternal and immutable truths which the Almighty had permitted
him to be the first to establish. Had 'Galileo but added the
courage of the martyr to the wisdom of the sage ; had he carried
the glance of his indignant eye round ihe circle of his judges ;
bad he hfted his hands to heaven, and called the living God to
witness the truth and immnutahility of his opinions, the bigotry
of his enemies would have been disarmed, and science would
have enjoyed a memorable triumph.”




KEPLER.

KEPLER was a native of Germany. He was boru in the Duchy
of Wurtemberg, in 1571. As Copernicus, Tycho Brahe, Galileo,
Kepler, and Newton, are names that are much associated in the
history of astronomy, let us sce how they stood related to each
other in point of time. Copernicus was born in 1473 : Tycho, in
1546 ; Galileo, in 1564 ; Xepler, in 1571 ; and Newton, in 1642.
Hence, Cgpernicus was seventy-three yecars before Tycho, and
Tycho nincty-six years before Newton. They all lived to an
advanced age, so that Tycho, Galileo, and Kepler, were contem-
porary for many years; and Newton was born the year that
Galileo died.

Kepler was born of parents who were then in humble circum-
stances, although of noble descent. Their misfortunes, which
had reduced them to poverty, seem to have been aggravited by
their own unhbappy dispositions ; for his biographer informs us,
that “his mother was treated with a degree of barbarity by her
husband and brother-in-law, that was hardly exceeded by her
own perverseness.” It is fortunate, therefore, that Kepler, in
his childhood, was removed from the immediate society and
example of his parents, and educated at a public school at the
expense of the Duke of Wurteinberg. He early imbibed a taste
for natural philosophy, but had conceived a strong prejudice
against astronomy, and even a contempt for it, inspired, probably,
by the arrogant and ridiculous pretensions of the astralogers.
who constitated the principal astronomers of his eountry. A
vacant post, howevér, of teacher of astronomy, occurred when he
was of a suitable age to fill it, and he was compelled to take it by
the authority of his tutors, though with many protestations: on
his part, wishing to be provided for in some other more brilliant
profession.’ .
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Happy is genius, when it iights on a profession entirely con-
sonant to its powers, where the objects successively presented to
it are so exactly suited to its nature, that it clings to them as the
loadstone to its kindred metal among piles of foreign ores.
Nothing could have been more congenial to the very mental
c¢onstitution of Kepler, than the study of astronomy,—a science
where the most capacious understanding may find scope in unison
with the most fervid imagination.

Much as has been said against hypotheses in philosophy, it is
nevertheless, a fact, that some of the greatest truths have been
discovered in the pursuit of hypotheses, in themselves entirely
false ; truths, moreover, far more important than those assumed
by the hypotheses ; as ‘Columbus, in searching for a north-west
passage to India, discovered a new world. Thus Kepler groped
his way through many false and absurd suppositions, to some of
the most sublime discoveries ever made by man. The funda-
mental prineiple which guided him was not, however, either
false or absurd. It was that God, who made the world, had’
established, throughout all his wozks, fixed laws,—laws that are
often so definite as to,be capable of expression in exact numerical
terms. In accordance with these views, he sought for numerical
relations in the disposition and arrangement of the planets, in
respect to their number, the times of their revolution, and their
distances from one another. Many, indéed, of the subordinate
suppositions which he made, were extremely fanciful; but he
tried his own hypotheses by a rigorous mathematical test,
wherever he could apply it ; and as soon as he discovered that a
supposition wou"ld not ablde this test, he abandoned it without
the lenst hesitation, and adopted others, which he submitted to
the same severe trial, to share, perhaps, the same fate. “ After
many failures,” he says, “I was comforted by observing that
the motions, in every ocase, seemed to be conuected with the
distances ; and that, when there was a great gap between the
orbits, there +was the same between the motions. - And T reasoned
that, if God had adapted motions to the orbits in some relation

- to the distances, he had alse arranged the distances themselves
relation to something else.” &
tlln two years after he, commenced the seudy of astronomy, he
published a book called the * Afysterium C’omograp];wum,” a
name which implies an explamtwn of the mysteries involyed in
the f\:mtmctmn of the universe This work was full of the
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wildest speculations and most extravagant hypotheses, the most
remarkable of which was, that the distances of the planets from
the sun are regulated by the relations whick subsist between
the five regular solids. It is well known to geometers that there
are, and can be, only five regular solids. These are, first, the
tetraedron, a foursided figure, all whose sides are equal and
similar triangles ; secondly, the cude, contained by six equal
squares ; thirdly, an octaedron, an eight-sided tigure, consisting
of two four-sided pyramids joined at their bases ; fourthly, a
dodecaedron, having twelve five-sided, or pentagonal faces; and,
fifthly, an tcosaedron, contained by twenty equal and similar
triangles. You will be much at a loss, I think, to imagine what
relation Kepler could trace between these strange figures and
the distances of the seweral planets from the sun. He thought
he discovered a connexion between those distances and the
spaces which figures of this kind would occupy, if interposed in
certain ways between them. Thus, he says, the Earth is a circle,
the measure of all; round it deseribe a dodecaedron, and the
circle including this will be the orbit of Mars. Round this circle
describe a tetraedron, and the circle including this will be the
orbit of Jupiter. Describe a cube round this, and the circle
including it will be the orbit of Saturn. Now, inseribe in the
earth an icosacdron,and the circle included in this will give the
orbit of Venus. In this inscribe an octaedron, and the circle
included in this will be the orbit of Mercury. On this supposed
discovery Kepler exults in the most enthusiastic exXpressions,
“The intense pleasure I have received from this discovery never
can be told in words. I regretted no more time wasted ; I tired
of no labour’; I shunned no toil of reckoning ; duys and nights
I spent in calculations, until I could see whether this opinion
would agree with the orbits of Copernicus, or whether my joy
was to vanish inta air. I willingly subjoin that sentiment of
Archytas, as given by Cicero: ‘If I could mount up into heaven,
and thoroughly perceive the nature of the world and the beauty
of the stars, that admiration would be without a charm for me,
\mless I had' some one like you, reader, candid, attentive, and:
eager for knowledge, to whem to deseribe it.’ If you acknow-
ledge this feeling, and are candid, you will refrain from blame,
such as, not without cause, I anticipate : but if, leaving that to
itself, you fear, lest these things be not ascer'tained, and that I
have shouted triumph before victory, at least approach these
Ty T
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pages, and learn the matter in consideration : yon will not find,
2s just now, new and unknown plancts interposed ; that boldnesa
of mine is not approved ; ‘but those old ones very little loosened,
and so furnished by the interposition (however absurd you may
think it) of rectilinéar figures, that in future you may give a
‘reason to the rustics, when they ask for the hooks which keep
the skies from falling.”

When Tycho Drahe, who had then retired from his famous
Uraniburg, and was settled in Prague, met with this work ot
Kepler's, he immediately recoghised under this fantastic garb
the lineaments of a great estromomer. He needed such an
unwesried and patient calculator as he perceived Kepler to be,
to aid him in his labours, in order that he might devote himself
more unreservedly to the taking of obsérvations,—an employ-
ment in which he delighted, and in which, as I mentioned in
giving you a sketch of his history, he excelled all men of that
and preceding ages. Kepler, therefore, at the express invitation
of Tycho, went to Prague, and joined him in the capacity ot
assistant, Had Tycho been of a nature less truly noble, he
might have looked with contempt on one who had made so few
observations, and indulged so much in wild speculation; or he
might have been jealous of a nsmg genius, in which he descried
8o many signs of future eminence as an astronomer ; but,
superior to all the baser motives, he extends to the young
aspirant the hand of encouragement in the following kind invita-
tion: Come, not as o stranger, but as a very weltome friend ;
come, and shure in my observations, with such instruments as I
have with me.”

Several years previous to this, Kepler, after one or two unsuc-
oessful trials, had found him a wife, from whom he expected a
considerable fortune ; but in this he was dwa.ppomted and so
poor was he, that, when on his journey to Prague in comapany
with his wife, being taken sick, he was unable to defray the
expenses of the journey, and was foreed to cast himvélf on the
bounty of Tyeho.

In the course ofthe»fol.owmg year, while absent from ngue
he fancied that Tycho had injured him, and aceordingly addressed
to the xoble Dabe a lettér fall of insults and reproaches. A
wild reply from Tycho opened the eyes of Kepler to his own
ingratitude. His better féelings soon retarned, and he sent to
his great pafron-this humble apology: “Most noble Tycho !
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How shall I enumerate, or rightly estimate, your benefits con-
ferred on me! For two months you have liberally and gratuitously
maintained me, and my whole family ; you have provided for all
my wishes ; you have done me every possible kindness; you
have communicated to me every thing you hold most dear ; no
one, by word or deed, has intentionally injured me in anything ;
in short, not to your own children, your wife, or yourself, have
you shown more indulgence than to me. This being so, as [ am
anxious to put upon record, I capnot reflect, without consterna-
tion, that I should have been so given up by God to my own
intemperance, as t0 shut my eyes on all these benefits; that,
inslead of modest and respectful gratitude, I should indulge for
three weeks in continual moroseness towards all your family,
and in headlong passion and the utmost insolence towards your-
self, who possess so many claims on my veueration, from your
noble family, your extraordinary learning, and distinguished
reputation. Whatever I have said or written against the person,
the fame, the honour, and the learning of your Excellency ; or
whatever, in any other way, I have injuriously spoken or
written (if they admit no other more favowrable interpretation),
as, to my grief, I have spoken and wriilen many things, and
more than I can remember ; all and everything I recant, and
frecly and honestly declare and profess to be groundless, false,
and incapable of proof” This was ample satisfaction to the
generous Tycho. ‘

“To err is human: to fargive, divine.”

On Kepler's return to Prague, he was presented to the
Emperor by Tycho, and honoured with the title of Imperial
Mathematician. This was in 1601, when he was thirty years of
age. Tycho died shortly after, and Kepler succecded him as
principal mathematician to the Emperor ; but his salary was
badly paid, and he suffered much from pecuniary embarrass-
ments. Although he held the astrologers, or those who tokl
fortunes by the stars, in great comtempt, yet he entertained
notions of his own, on the same subject, quite as extravagant,
and practised the mt of custing nativities to eke out a support
for his family. . o

‘When Galileo began to observe with his -telescope, and
snnounced, in rapid succession, his wonderful discoveries, Kopler
entered inte them with his characteristic enthusiasm, although
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they subverted many of his favourite hypotheses. But such was
his love of truth, that he was among the first to congratulate
Galileo, and a most engaging correspondence was carried on
between these master-spirits.

The first planet which oceupied the pu'hcula.r attention of
Kepler was Mars, the long and assiduous study of whose motions
oonducted him at length to the discovery of those great prin-
ciples called “XKepler’s Laws.” Rarely do we meet with so
remarkable & union of a vivid fancy with .a profound intellect.
The hasty and extravagant suggestions of the former were sub-
mitted to the most laborious calculations, some of which, that
were of great length, he repeated seventy times. This exuberance -
of faney frequently appears in his- style of writing, which occa-
sionally assumes a tone ludicrously figurative. He seems con-
stantly to contemplate Mars as a valiant hero, who had hitherto
proved invincible, and who would often elude his own efforts to
conquer him. “While thus triumphing over Mars, and preparing
for him, as for.one altogether vanquished, tabular prisons, and
equated, eccentric fetters, it is buzzed hcre and there that the
victory is vain, and that the war is raging anew as violently as
before. For t,he enemy, left at home a despised captive, has
burst all the chains of the equation, and broken forth of the
prisons of the tables. Skirmishes routed my forces of physical
causes, and. shaking off the yoke, regained their liberty. And
now there was little to prevent the fugitive enemy from effecting
a junction with his own rebellious supporters, and reducing me
to despair, had I not suddenly sent into the field a reserve of
new physical reasonings on the rout and dispersion of the
veteras, and diligently fo]lowed, without allowing the slightes(
rospite, in the direction in which he bad broken out.”

But he pursued this warfare with the planet until he grined

‘a full conguest, by the discovery of the first two of his laws;
namely, that /e revolves in an elliptical orbil, and that s radius
voctor passes over equal spaces tn equal times.

Domestic’ troubles, however,, involved him in “the doepest
affliction, Poverty, the loss of a promiding and favourite son,
the d -xﬂf his wife, after a long illness ;—these were some of
the misf that clustered around him. Although his first
marnage h n an unhappy one, it was not consonant to his
genius to sarrender anything after only a single trial. Accord
ingly, it was uot long before he contracted a second alliance.
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He commissioned a number of his friends to look out for him,
and he soon obtained a tabular list of eleven names, among whom
his affections wavered. The progress of his courtship is thus
narrated in the interesting “Life> contained in the “Library
of Useful Knowledge.” It furnishes so fine a specimen of his
eccentricities, that I cannot deny myself the pleasure of tran-
scribing the passage. It is taken from an account which Kepler
himself gave in a letter.to a friend.

“The first on the list was a widow, an intimate friend of his
first wife, and who, on many accounts, appeared a most eligible
match. At first, she seemed favourably inclined to. the proposal ;

“it is certain that she took time to consider it, but at last she very
quietly excused herself. Finding her afterwards less agreeable
in person than he had anticipated, he considered it a fortunate
cscape, mentioning, among other objections, that she had two
marriageable daughters, whom, by the way, he had got on his
list for examination. He was much troubled to reconcile his
astrology with the fact of his having taken so much pains about
a negotiation not destined to succeed. He examined the case
professionally. ¢ Have the stars,” says he, ¢ exercised any influence
here ? For just about this time, the direction of the mid-heaven
is in hot opposition to Mars, and the passage of Saturn through
the ascending point of the zodiac, in the scheme of my nativity,
will happen again next November and December. But, if these
are the causes, how do they act ? Is that explanation the true
one, which I have elsewhere given? For I can never think ot
handing over to the stars the office of deities, to produce effects.
Let us, therefore, suppose it accounted for by the stars, that at
this season I am violent in my temper and affections, in rashness
of belief, in a show of pitiful tender-heartedness, in catching at
reputation by new and paradoxical notions, and the singularity
of my actions ; in busily inquiring into, and weighing, and dis-
cussing’ various reasons ; in the uneasindss of my mind, with

. vespect to my choice. I thank God that that did not happen
which might have happened; that this marriage did not take
place. Now for the others’ Of these, one was too old ; another,
in bad health ; another, too proud of her birth and quarterings ;
a fourth had learned nothing but showy accomplishments, not at
all suitable to the kind of life she would have to lead with him.
Ancther grew impatient, and married a more decided admirer
while he wis hesitating, ¢The mischief,” says he, ‘in all these
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attachments was, that, ‘whilst I was delaying, comparing, and
balancing conflicting reasons, every day saw me inflamed with a
new pasgion.’ By the time he reached No. 8 of his list, he found
bis match in this respect. ¢ Fortune has avenged herself at length
on my doubifiil inclinations, At first, she ‘was quite complying,
and her friends also. Presently, whether she .did or did not
eonsent, not only I, but she herself did not know. After the
lapse of a few days came o renewed promise, which, however
had to be confirmed a third time : and, four days after that, she
again repented her confirmation, and begged to be excused from
it. Upon this, I gave her up, and this time all my counsellors
were of one opinion.' This was the longeat courtehip in the list,
having lasted three whole months ; and, quite disheartened by its
Lad suceess, Kepler's next attcrnpt was of a more timid com-
plexion. His advances to No. 9 were made by confiding to her
the whole story of his recent disappointment, prudently deter-
mining to be guided in his behaviour by observing whether the
treatment he experienced met with a proper degree of sympathy.
Apparently, the experiment did not succeed ; and, when almost
reduced to despair, Kepler betock himself to the advice of a
friend, who had for some time past complained that she was not
consulted in this difficult negotintion. When she produced
No. 10, and the firat visit was paid, the report upon her was as
follows: ‘Shé has, undoubtedly, & good fortune, is of good family,
and of econornical habits : but her physiognomy is most horribly
ugly ; she would be stared at in the streets, not to mention the
striking-disproportion in out figures. I am lank,lean, and spare ;
ahe is short and thick. In & family notorious for fatness, she is
considered superflucusly fat.’ The only objection to No. 11 seems
to ‘have been her excessive youth ; and when this treaty was
broken off on that account; Kepler turned his back upon'all his
advisers, and chose for himself one who had figured as No. 5 in
his list; 40 whom he profesges to have felt attached throughout,
but from whom the representations of his friends had bhitherto
detained him, probably nu acoount of her hutnble station.”
Having thus settied his domestio affairs, Kepler now betook
himself, with his usual industry; to his astronomical studies, and
brought before the world the most celebrated of his publications,
entitled, “ Harmonics.,” In the fifth book of this work he
aonounced his Zhird Law,—that the squares of the periodical
times of the planets axe as the cubes of the distances. Kepler's
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rapture upon detecting it was unbounded.  What,” says he, “I
prophesied two-and-twenty years ago, as soon as I discovered the
five solids among the heavenly orbits ; what I frmly believed
long before I had seen Ptolemy’s Harmonies ; what I had pro-
mised my friends in the titleof this book, which I named before
I was sure of my discovery ; what sixteen years ago I urged as
a thing to be sought ; that for which I joined Tycho Brahe, for
which I settled in Prague, for which I have devoted the best part
of my life to astronomical contemplations ;—at length I have
brought to light, and Lave recognised its truth beyond my moss
sanguine expectations, It is now eighteen months siuce I got
the first glimpse of light, threc months since the dawn, very few
days since the unveiled sun, most admirable to gaze on, burst out
upon me, Nothing holds me: I will indulge in my sacred fury ;
I will triumph over mankind by the honest confession that I
have stolen the golden vases of the Egyptians to build up a
tabernacle for my God far from the confines of Egypt. If you
forgive me, I rejoice : if you are angry, I can bear it ; the die is
cast, the book is written, to be read either now or by posterity,
I care not which, I may well wait a century for a reader, as
God has waited six thoushnd years for an observer.” In accord-
ance with the notion he entertained respecting the “ music of the
spheres,” he made Saturn and Jupiter take the bass, Mars the
tenor, the Earth and Venus the counter, and Mercury the treble,

“ The misery in which Kepler lived,” says Sir David Brewster
in his “Life of Newton,” “forms a painful contrast with the
services which he performed for science. The pension on which
he subsisted was always in arrears ; and though the three em-
perors, whose reigns he adorned, directed their ministers to be
more punctual in its payment, the disobedience of their com-
mands was a source of continual vexation to Kepler. When he
retired to Silesia, to spend the remainder of his days, his pecu-
niary difficnlties became still more harassing. Necessity at
length compelled him to, apply panonany for the arrears which
were due; and he moorﬁngty set out, in 1630, when nearly
sixty years of age, for Batisbon ; but,in consequence ofthe great
fatigne which so long & journey on horseback produced, he was
seized with a fover, which put an end to his life.” .

Professor Whewell (in his interesting work on Astronomy and
General Physics considered with reference to natural Theology,
expresses the opinien that Kepler, notwithstanding his constitr-
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tional oddities, was a man of strong and lively plety. His “ Coxo-
mentaries on the motions of Mars * he opens with the following
passage : ¢ I beseech iy reader, that, not unmindful of the Divine
goodness bestowed on inan, he do with me praise ard celebrate
the wisdom and greatwess of the Creator, which I open to him
from a more inward explication.of the form of the werld, from a
gearching of causes, from a detection of the errors of vision ; and
that thus, not only in the firmness and gtability of the earth, he
perceive with gratitude the preservation of all living things in
nature as the gift of God, but,also that in its motion, so recondite,
so admirable, he acknowledge the wisdom of the Creator. But
him who js too dull to receive this science, or too weak to be-
lieve the Copernican system without harm to his piety,—him, I
say, I advise that leaving the school of astronomy, and con-
demning, if he please, any doctrines of the philosophers, he
follow his own path, and desist from this wandering through the
universe ; and, lifting up his natural eyes, with which he alone
can see, pour himself out in his own heart, in praise of God the
Creator ; being certain that he gives mo less worship to God
than the astronomer, to whom God has given to see more clearly
with his inward eye,and who, for what*he has himself discovered,
both can and will glorify God.”

In a Life of Kepler, very recently published in his native
country, founded on manuscripts of hig which have lately been
brought to light, there are given numerous other examples of a
similar devotional spirit. Kepler thus concludes his Harmgnies :
“1 give Thee thanks, Lord and Creator, that Thou hast given
me joy through Thy creation ; for I have been ravished with the
work of Thy hands. I have revealed unto.mankind the glory of
Thy works, as far as my limited spirit could conceive their infi-
nitude. Should I have brought forward anything that is un-
worthy of Thee, or should T have soqght my.own, fame, be gra,-
ciously pleased to forgive ms.”

As Galileo, eisperienced the most Mtter peraeuutmns from the
Church of Botme, so Kepler met with much ‘viglent opposition
and: eafumny. from’ the Protestant. clargy of his own country,
pu‘hc'alu'ly for adopting, in an almanac which, as astronomer
royal, he annually published, the reformed calendar, as given by
the Pope of Bome. His opinions respecting. rehgxous liberty,

‘nlw,appeartohaveWengmaﬂymadmoeofthe times in
which he lived. . In answer to certain calumnies with which he
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was assailed, for his boldness in reasoning from the light of
nature, he uttered these memorable words: “'The day will soon
break, when pious simplicity will be ashamed of its blind super-
stition ; when men will recognise truth in the book of nature as
well as in the Holy Scriptures, and rejoice in the two revelations.”

NEWTON,

e

Sk Isaac NewroN was born in Lincolnshire, in 1642, just
one year aftér the death of Galileo. His father died before
he was born, and he was a helpless infant, of a diminutive size,
and so feeble a frame, that his attendants hardly expected his
life for a single hour. The family dwelling was of humble
architecture, situated in a retired but beautiful valley, and was
surrounded by a small farm, which afforded but a scanty living
to the widowed mother and her precious charge. It will pro-
bably be found that genius has oftener emano.ted from the cottage
than from the palace.

The boyhood of Newton was dlstmgmshed chiefly for his
ingenious mechanical contrivances. Among other pieces of
mechanism, he constructed & windmill, so curious and complete
in its workmanship, as to excite universal admiration. After
carrying it a while by the force of the wind, he resolved to sub-
stitute animal power ; and for this purpose he inclosed in it a
mouse, which he called the miller, and which kept the mill
going by acting on a tread-wheel. The power of the mouse
was brought into action by unavailing attempts to reach a
portion of corn placed above the wheel. A water-clock, a four-
wheeled carriage propelled by the rider himself, and kites of
superior workmanship, wére among the productions of the
mechanical genins of this gifted boy: At a little later period he
began to turn his attention t6 the motions of the heaveuly bodies,
and constructed, several san-dials on the walls of the house where
he lived. All this was before he had reached his fifteenth year."
At this age, he was sent by his mother, in company with an old
family servant, to a neiggoouring market-town, to dispose of
products of their farm, and to bny articles of merchandise for
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their family use ; but the young philosopher left all these nego-
tintions to his worthy partner, occupying himself meanwhile
with a collection of old books, which he had found in a garret. A
other times he stopped on the road, and took shelter with his book
under a hedge, until the servant returned. They endeavoured
10 edueate him as a farmer; but the perusal of a book, the con-
struction of a water-mill, or some other mechanical or scicutific
amusement, absorbed all his thoughts, when the sheep were
going astray, and the cattle were devouring or treading down
the corn. One of his uncles having found him one day under a
hedge, with a book in ns hand, and entirely absorbed in medi-
tation, took it from him, and found that it was a mathematical
problem which 8o engrossed his attention. His friends, therefore,
wisely resolved to favour the bent of his genius, and removed
him from the farm to school, to prepare for the university. In
the cighteenth year of his age, Newton was admitted to Trinity
College, Cambridge. IIe made rapid and exiraordinary advances
in the mathematics, and soon afforded unequivocal presages of
that greatness which afterwards placed him foremost among the
magster spirits of the world. Tn 1669, at the age of twenty-seven,
he beeame professor of mathematics at Cambridge, a post which
he occupied for many years afterwards. During the four or five
years previous to this he had, in fact, made most of those great
discoveries which have immortalised his name.

LE



ANCIENT AND MODERN IDEAS

ox
THE S8YSTEM OF THE WORLD,

———

By a system of the world, I understand an explanation of the
arrangement of all the bodies that composc the material uwiverse,
and of their relations to each other. 1t is otherwise called the
“ Mechanism of the Heavens ;* and indeed, in the system of the
world, we figure to ourselves a machine, all parts of which have
a mutual dependence, and conspire to vne great end. “The
machines that were first invented,” says Adam Smith, “to per-
form any partieular movement, are alwsys the most complex ;
and succeeding artists generally discover that, with fewer wheels,
and with fewer principles of motion, than had originally been
employed, the same effects may be more easily produced. The
first systems, in the same manner, are always the most complex ;
and a particular connecting chain or principle is generally
thought necessary, to unite every two seemingly disjointed
appearances ; but it often happens, that one great connecting
principle i3 afterwards found to be sufficient to bind together all
the discordant phenomena that occur in a whole species of
things !” This remark is strikingly applicabie to the origin and
progress of systems of astromomy. It i8 a remarkable fact in
the history of the human mind, that astronomy is the oldest of
the sciences, having been cultivated, with no small suecess, long
before any attention was paid. t0 ‘the causes of the common
terrestrial phenomena, The opinion has always prevailed among
those who were unenlightened. by science, that very extraordi-
nary appearances in the sky, as cométs, fiery meteors, and -
eclipses, are omens of the wrath of Heaven. They have, there-
fore, in all ages, been watched with the greatest attention; and
their appearances have been minutely recorded by the historiana
of the times, The idea, moreover, that the aapeets of the stars
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are connected with the destinies of individuals and of empires,
has been remarkably prevalent from the earliest records of history
down to a very late period, and, indeed, still lingers among the
uneducated and credulous. This notion gave rise to AstroLoay,
—an art which professed to be able, by a knowledge of the
varying aspects of the planets and suars, to penetrate the veil of
futurity, and to foretell approaching irregularities of nature
herself, and the fortunes of kingdoms and of individuals. That
department of astrology which took cognisance of extraordinary
occurrences in the natural world, as tempests, earthquakes,
eclipses, and voleanoes, both to predict their approach and to
interpret their meaning, was colled natural astrology; that which
related to the fortunes of men and of empires, judicial astrology.
Among many ancient nations, astrologers were held in the
highest estimation, and were kept near the persons of monarchs;
and the practice of the art constituted a lucrative profession
throughout the middle ages. Nor were the ignorant and un-
educated portions of society alone the dupes of its pretensions.
Hippocrates, the “ Father of Medicine,” ranks astrology among
the most important branches of knowledge to the physician ; and
Tycho Brahe and Lord Bacon were firm believers in its mysteries.
Astrology, fallacious as it was, must be acknowledged to have
rendered the greatest services to astromomy, by leading to the
accurate observation and diligent study of the stars.

At a period of very remote antiquity, astronomy was enltivated
in China, India, Chaldea, and Egypt. The Chaldeans were par-
ticularly distinguished for the accuracy amd extent of their
astronomical observations. Calisthenes, the Greek philosopher,
who accompanied Alexander the Great in his Eastern conquests,
transmitted to Aristotle a series of observations made at Babylon
nineteen centuries before the capture of that city by Alexander;
and the wise men of Babylon and the Chaldean astrologers are
referred to in the Sacred Writings. ‘They enjoyed a clear.sky
and a mild climate, and thejr pursuits as shepherds favoured
long-continued observations ; while the admiration and respect
accorded to the pu»ofemon, rendered it an object of still higher
ambition,

In the seventh century befare the Ch.mtmn era, astronomy
hega.n to be eultivated in Greece ; and there arose successively
three celebrated astronomical sohools,-—the school of Miletus, the
school of Crotona, and the school of Alexandria. The first was
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establislted by Thales, six hundred and forty years before Clrist ;
the second, by Pythagoras, one hundred and forty years after-
wards ; and the third, by the Ptolemies of Egypt, about three
hundred years before the Christian era. As Egypt and Babylon
were renowned among the most ancient nations, for their know-
ledge of the sciences, long before they were cultivated in Greece,
it was the practice of the Greeks, whén they aspired to the
character of philosophers and sages, to resort to these countries
to imbibe wisdom ‘at its fountains. Thales, after extensive
travels in Crete and Egypt, returned to his native place, Miletus,
a town on the coast of Asia Minor, where he established the
first school of astronomy in Greece. Although the minds ot
these ancient astronomers were beclouded with much error, yet
Thales taught a few truths which do honour to his sagacity. He
held that the stars are formed of fire ; that the moon receives
her light from the syn, and is invisible at her conjunctions
because she is hid in the sun’s rays. He taught the sphericity
of the earth, but adopted the common error of placing it in the
centre of the world. He introduced the division of the sphere
into five zones, and taught the obliquity of the ecliptic. e was
acquainted with the Saros, or sacred period of the Chaldeans,
and employed it in calculating eclipses.. It was Thales that
predicted the famous eclipse of the sun which terminated the
war between the Lydians and the Medes. Indeed, Thales is
universally regarded as a bright but solitary star, glimmering
through mists on the distant horizon.

To Thales succeeded, in the school of Miletus, two other
astronomers of much celebrity, Anaximander and Anaxagoras.
Among many absurd things held by Anaximander, he first
taught the sublime doctrine that the planets are inhabited, and
that the stars are suns of other systeras. Anaxagoras attempted
to explain all the secrets of the skies' by natural causes. MHis
reasonings, indeed, were alloyed with many absurd notions ; but
still he alone, amnong the astronomers, maintained the existence
of ‘one God. His doctrines ‘alarmed his countrymen, by their
andacity and impiety to their.-gods, whose prerogatives he was
thought to invade; and, to deprecate their wrath, sentence of
death was pronouncsd on the philosopher and all bis fumily,—~a
sentence which was commuted only for the sad alternative of
perpetual banishment. The very genius of the heathen mytho-
logy was at war with the truth. False in itself, it trained the
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mind to the love of what was false in the interpretation of naturc
it arrayed itself against the simplicity of truth, and persecuted
and put io death its most ardent votaries. The religion of the
Bible, on the other hand, lends all its ald to truth in nature as
well as in morals and religion. In its very genius it inculcates
aud inspires the love of truth; it suggests, by its analogies, the
existence of established laws in the system of the world ; and
holds out the moon and stars, which the Creator has erdained,
ag fit objects to give us exalted views of his glory and wisdom.
Pythagoras was the founder of the celebrated school of
Crotona. He was a native of Samos, an island in the Algean
sea, and flourished about five hundred years before the Christian
era. After travelling moré than thirty years in Egypt aund
Chaldea, and spending several years more at Sparta, to learn the
laws and institutions of Lycurgus, he returned to his mative
island to dispense the riches he had acquired to his countrymen.
But they, probably fearful of incurring the displeasure of the
gods by the freedom with which he inguired into the secrets of
the skies, gave him so unwelcome a reception, that he retired
from them, in disgust, and established his school at Crotona, on
the south-eastern coast of Italy. Hither, as to an oracle, the
fame of his wisdom attracted hundreds of admiring pupils, whom
he instructed in every species of knowledge. From the visionary
notions which are generally understood to have been entertained
on the subject of astronomy, by the ancients, we are apt to
imagine that they knew less than they actually did of the truths
of this science. But Pythagoras was acquainted- with nany
important facts in astronomy, and entertained many opinions
respecting the system of the woxld, which are now held to be
true. Among other things well known to Pythagoras, either
derived from his own investigations, or received from his prede-
oessors, were the following ; and we may note them as a synopsis
of the state of astronomical knewledge at that age of the world.
First, the priticipal constellations. These had begun to be formed
in the earliest ages of the world.. Beveral of them, bearing the
same name a8 at present, are mentioned in the writings of Hesiod
dnd Homer ; and the “ sweet influences of the Pleiades,” and the
“bands of Qrion,” are beautifully alluded to in the book of Job.
Secondly, eclipses. Pythagoras knew both the causes of eclipses
and how to predict them ; net, indeed, in the accurate manmner
now practised, but by means of the Sarcs, Thirdly, Pythagoras
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had diviued the true sysiem of the world, holding that ihe sun,
and not the earth, (as was generally held by the ancients, even
for wany ages after Pythagoras,) is the centre around which all
the planets revolve ; and that the stars are so many suns, each
the centre of a ystem like our own. Among lesser things, he
knew that the earth is round; that its surface is naturally
divided into five zones ; and that the ecliptic is inclined to the
equator. He also held that the earth revolves daily on its axis,
and yearly around the sun ; that the galaxy is an assemblage of
small stars; and that it is the same luminary, nawely, Venus,
that constitutes both the morning and evening stur ; whereas all
the ancients Lefore him bad supposed that each was a separate
planet, and accordingly the morning star was called Lucifer, and
the evening star, Hesperus. Ile held, also, that the planets were
inhabited, and even went so far as to calculate the size of some
of the animals in the moon. Pythagoras was also so great an
enthusiast in music, that he not only assigned to it a conspicuous
place in his system of education, but even supposed that the
heavenly bodies themselves were arranged at distances corre-
sponding to the intervals of the diatonic scale, and imagined them
to pursue their sublime march to notes created by their own
harmonious movements, called the “music of the spheres;” but
he maintained that this celestial concert, though loud and grand,
is not andiblo to the feeble organs of man, but only to the gods.
‘With few exceptions, however, the opinions of Pythagoras on the
systemn of the world .were founded in truth., Yet they were
rejected by Aristotle, and by most succeeding astronomers, down
to the time of Copernicus ; and in their place was substituted the
doctrine of erystalfine spheres, first taught by Eadoxus, who lived
about three hundred and seventy years before Christ. According
to this system, the heavenly bodies are set like gems in hollow
solid orbs, composed of crystal so transpareut, that no anterior
orh obstructs in the least the view of any of the orbs that lie
behind it. The sun and the planets have each its separate orb ;
but the fixed stare are all set in the same grand orb; and beyond
this is another still, the prémum mobile, which revolves daily,
from cast to west, and earries along with it all the other orbs.
Above the whole spreads the grand empyrean, or third heavens,
the abode of perpetual serenity.

To account for the planetary motions, it was supposed that
vach of the planetary orbs, as well as that of the sun, has &
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motion of its own eastward, while it partakes of the common
diurnal motion of the starry sphere. Aristotle taught that these
motions are effected by a tutelary genius of each planet, residing
in it, and directing its motions, as the mind of man directs his
movements.

Two hundred years after Pythagoras, arose the famous sehool
of Alexandria, under the Ptolemies. These were a succession of
Egyptian kings, and are not to be confounded with Ptolemy the
astronomer. By the munificent patronage of this enlightened
family for the space of three hundred years, beginning at the
death of Alexander the Great, from whom the eldest of the
Ptolemies had received his kingdom, the school of Alexandria
concentrated in its vast library and princely halls, erected for the
accommodation of the philosophers, nearly all the science and
learning of the world.” In wandering over the immense terri-
tories of ignorance and barbarism which covered, at the time,
slmost the entire face of the earth, the eye reposes upon this
little spot as upon a verdant island in the midst of the desert.
Among the choice fruits that grew in this garden of astronomy
were several of the most distinguished ornaments of ancient
science, of whom the most eminent were Hipparchus and Ptolemy.
Hipparchus is justly considered as the Newton of antiquity. He
sought his knowledge of the heavenly bodies not in the illu-
sory suggestions of a fervid imagination, but in the vigorous
application of an intellect of the first order. Previous to this
period, celestial observations were made with the naked eye:
but Hipparchus was in possession of instruments for measuring
angles, and knew hovr to resolve spherical triangles. These were
great steps Leyond all his predecessors, He ascertdined the
length of the year within six minutes of the truth. He dis-
covered the eccentricity, or elliptical figure, of the solar orbit,
although he supposed the sun actually to move uniformly in a
circle, but the earth to be placed out ef the centre. He also
determined the positions of the points among the stars where the
earth is nearest the sun, and where it is most remote from it.
He formed very accurate estimates of the obliquity of the ecliptic,
and of the precession of the equinoxes. He computed the exact
period of the synodic revolution of the moon, and the inclination
of the lunar orbit ; discovered the backward amotion of her node
and of her line of apsides ; and made the first attempts to ascer-
tain the horizontal parallaxes of the sun and moon. Upon the
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appearance of a new star in the firmament, he undertook, as
already mentioned, to number the stars, and to assign to each its
true place in the heavens, in order that posterity might have the
means of judging what chavges, if any, were going forwarl
among these apparently unalterable bodjes.

Although Hipparchus is gencrally considered as belonging to
the Alexandrian school, yet he lived at Rhodes, and there made
lhis astronomical observations, about one hundred and forty years
before the Christian era. One of his treatises has come down to
us ; but his principal discoveries have been transmitted through
the “ Almagest ™ of Ptolemy. Ptolemy flourished, at Alexandria
nearly three centurics after Iipparchus, in the second century
after Christ. His great work, the “ Almagest,” which bas con-
veyed to us most that we know respecting the astronomical
knowledge of the ancienis, was the universal text-book of astro-’
nomers for fourteen centuries,

The name of this celebrated astronomer has also descended to
ns, associated with the system of the world which prevailed from
Piolemy to Copernicus, called the Itolemaic System. The doc-
trines of the Ptolemaic system did not originate with Ptolemy, but,
Leing digested by him out of materials furnished by various
hands, it has come down to us under the sanction of his name.
According to this system, the earth is the centre of the univcrse,
and all the heavenly bodies daily revolve around it, from east to
west, But although this hypothésis would account for the ap-
parent diurnal motion of the firmament, yet it would not account
for the apparent annual motion of the sun, nor for the slow
motions of the planets from west to east. In order to explain
these phenomena, recourse was had to deferents and epicycles,—
an explanation devised by Apollonius, one of the greatest
geometers of antiquity. He conceived that, in the circumference
of a circle, having the earth for its centre, there moves the centre
of a smaller cirele, in the circumference of which the planet ve-
volves. The circle surrounding the earth was called the deferent,
while the smaller circle, whose centre was always in the circuno-
ference of the deferent, was called the epicycle. It-is obvious
that the motion of a body from west to east; in this small circle,
would be alternately direct, stationary, and retrograde, as was
explained in a previous cha,pter to be actually the case with the
apparent motions of the planets. The hypothesis, however, is
inconsistent with the phases of Mercury and Venus, which, being

v
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between us and the sun, on both sides of the epicycle, would
present their dark sides towards us at both conjunctions with the
sun ; whereas, at one of the conjunctions, it is known that they
exhibit their discs illuminated. It is, moreover, absurd to speak
of a geometrical centre, which has no bedily existence, moving
round the earth on the circumference of another circle. In addi-
tion to these absurdities, the whole Ptolemaic system is encum-
bered with the following difficulties : First, it is a mere hypo-
thesis, having no evidence in its favour, except that it explains
the phenomena. This evidence is insufficient of itself, since it
frequently happens that each of two ' hypotheses, which are
directly opposite to each other, will explain all the known pheno-
mena. But the Ptolemaic system does not even do this, as it is
inconsistent with the phases of Mercury and Venus, as already
observed. Secondly, now that we are acquainted with the dis-
tances of the remoter planets, and especially the fixed stars, the
swiftness of motion, implied in a daily revolution of the starry
firmament around the earth, renders such a motien wholly in-
credible, Thirdly, the centrifugal force which would be generated
in these bodies, especially in the sun, renders it impossible that
they can continue tw revolve around the earth as a centre.
Absurd, however, ae the system of Ptolemywas, for many centuries
no great philosophic genius appeared to expose its fallacies,
and it therefore guided the fmth of astronomers of all countries
down to the time of

After the age of Ptolemy, the science made httle progress.
‘With the decline of Grecian liberty, the srts pnd sciences de-
clined also; and the Romans, then masters of the world, were
ever more a.mbitious to gain conquests over man than over
matter ; and they accordingly never produced a single great
astronomer. During the middle ages, the Arabians were almost
the only astronomers, nnd‘&ey cultivated this noble study chiefly
s subsidiary to

At length, in the ﬁfboenﬂtmtury, Copernicus arose, and after
forty years of intense study and mreditation, divised the true
system of the world, The reader will reccllect that the Coper-
nican system maintaing 1, That the apparent diurnal motion
of the heavenly bodies, from east to wast, is owing o the real
revolution of the earth on its own axiis from west to esst;; and
2. That the mon is the cenire around which the earth and
Mrﬂ&n from west to east, It rests on.the following

%)
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arguments : In the first place, the earth revolves on its own wzis.
First, because this supposition is vastly more simple, Secondly,
it is agreeable to analogy, since all the other planets that afford
any means of determining the question, are seen to revolve on
their axes, Thirdly, the spkeroidal figure of the earth is the figure
of equilibrium, that results from a revolution on its axis.
Fourthly, the diminished weight of bodies at the equator indicates
a centri “ugal force arising from such a revolution. Fifthly, bodies
let fall from a high eminence, fall eastward of their base, indicating
that when further from the centre of the earth they were subject
to a greater velocity, which, in consequence of their inertia, they
do not entirely lose in descending to the lower level.

In the second place, the planets, including the earth, revolve about
the sun. TFirst, the phases of Mercury and Venus are precisely
such as would result from their circulation around the sun in
orbits within that of the earth; but they are never seen in
opposition, as they would be, if they circulate around the earth.
Secondly, the superior planets do indeed revolve around the
earth ; but they also revolve around the sun, as is evident from
their phases, and from the known dimensions of their orbits;
and that the sun, and not the earth, is the centre of their motions,
is inferred from the greater symmetry of their motions, as
referred to the sun, than as referred to the earth ; and especially
from the laws of grawitation, which forbid our supposing that
bodies so much larger than the earth, as somse of these bodies
are, can eirculate permanently around the earth, the latter
remaining all the while at rest.

In the third place, the annual motion of the earth itself is
indicated also by the most conclusive arguments. For, first,
since all the planets, with their satellités and the comets, revolve
about the sun, analogy leads us 1o infer the same respwt.ing the
earth and its satellite, as those of Jupitgg and Saturn, and indi-
cates that it is & law of the solar system that the smaller bodies
revolve about the larger. Secondly, on the supposition that the
earth performs an annual revolution around the-sun, it is
embraced along-with the planets, in Kepler's law, that the
squares of the times are as the cubes of ‘the distances ; other-
wise, it forms an exception, and the only known exceptmn, to.
this law.

Buch are the leading arguments upon which rests ﬁze Caper-.
nican system of astronomy. They were, ttowever, only very



292 THF. ORES OF HEAVEN

purtially known to Copernicus himself, as the state both of
mechanical science, and of astronorical observation, was not
then sufficiently matured to show him the strength of his own
doctring, siuce he knew nothing of the telescope, and nothing of
the principle of universal gravitation., The evidence of this
beantiful system being left by Copernicus in so imperfect a state,
and indeed his own reasonings in support of it being tinctured
with some errors, we need not so much wonder that Tycho
Brahe, who imimediately followed Copernicus, did not give it his
assent, but, influenced by certain passages of Scripture, he still
maintained, with Ptolemy, that the earth is in the centre of the
universe ; and he accounted for the diurnal motions in the same
manner ns Ptolemy had done, namely, by an actual revolution of
the whole host of heaven arcund the earth every twenty-fows
hours. But he rejected the scheme of deferents and epicydles,
and held that the moon revolves about the earth as the centre ot
her tuotions ; but that the sun, and not the earth, is the centre
of tho planetary motions ; and that the sun, accompanied by the
planets, moves around the earth once a year, somewhat in the
manner in which we now coneeive of Jupiter and his satellites
a8 revolving around the sun. This system is liable to most of
the olbjections that lie against the Ptolemaic system, with the
disadvantage of héing more complex.

Kepler and Galileo, however, as appeared in the sketch of
their lives, embraced the theory of Copernicus with grest
avidity, and all their labours contributed to swell the evidence
of its truth. When we see with what immense labour and diffi-
culty the disciples of Ptolemy sought to reconcile every new
phenomenon of the heavens with their system, and then see how
ensily and naturally all the successive discoveries of Galileo and
Kepler fall in with the theory of Copermcu, we feel the force of
the lines of the poet :

* O how unltke the complex works of man,
Heaven's easy, artless, unincumbered plan.”
Cowene,

Newton received the torch of truth from Galileo, and trans-
mitted it to his successors, with its light eplarged and purified ;
and sinoe that period, every new discovery, whether the fruit of
refined instrumental observation or of profound mathematical
analyzis, has only added lustre to the glory of Copernicns.
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With Newton commenced a new and wonderful era in astro-
nomy, distinguished above all others, not merely for the pro-
duction of the greatest of men, but also for the establishment of
those most important auxiliaries to our science, the Royal
Society of Loudon, the Academy of Sciences at Paris, and the
Observatory of Greenwich. 1 may add the commencoment of
the Transactions of the Royal Sooiety, and the Memoirs of the
Academy of Sciences, which have been continued to the present
time,—~both precious storehouses of astronomical riches. The
Olservatory of Greenwich, moreover, has been under the direction
of an extraordinary succession of great astronomers. Their nuneés
are Flamsted, Halley, Bradley, Maskeleyne, Pond, and Airy,—
the last being still at his post, and worthy of continuing a line so
truly illustrious, The observations accumaulated at this cele-
brated Observatory are so numerous, and 8o much superior to
those of any other institution in the world, that it has been said
that astronomy would suffer little, if all other contemporary
ohservations of the same kind were annihilated. Sir William
Herschel, however, laboured chiefly in a different sphere. The
Astronomers Royal devoted themselves not so much to the dis-
covery of new objects among the heavenly bodies, as to the exact
determination of the places of the bodies already known, and to
the development of new laws or facts among the celestial
motions. But Herschel, having constructed telescopes of far
greater reach than any ever used before, employed them to
sound new and untried depths in the profundities of space. We
have already seen what interesting and amazing discoveries he
made of double stars, clusters, and nebyls,

The English have done most for astronomy in observation and
discovery ; but the French and Germans, in developiug, by the
most profound mathematical investigation, the great laws of
physical astronomy. .

It only remains to inquire, whether the Copernican system is
now to be regarded as a full exposition of the “Mechanism of
the Heavens,” or whether there subsist higher orders of relations
between the fixed stars themselves.

The revolutions of the dinary stars afford conclusive evidence
of at least subordinate systems of suns, governed by the same
laws as those which regulate the motions of the solar system.
The nebulee also compose pecyliar systems, to which the membare
are evidently bound together by some cominon relation.
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In these marks of organisstion,—of stars associated together
m clusters ; of sun revolving around sun; and of nebule dis
posed in regular figures,—we recognise different members of
some grand system, links in one great chain that binds togethet
all parts of the universe ; as we see Jupiter and his satellites
combined in one subordinate gystem, and Saturn and his satel-
lites in another,~—each & vast kingdom, and both uniting with a
number of other individual parts, to compose an empire still
more vast.

This fact being now established, that the stars are immense
bddies, like the sun, and that they are subject to the laws of
gravitation, we cannot conceive how they can be preserved fiom
falling into final disorder and ruin, unless they move in har-
wonions concert like the members of the solar system. Other-
wise, thode that are situated on the confines of creation, being
1etained by mo forces from withoul, while they are subject to
the attragtion of all the bodies within, must leave their stations
and move inward with accelerated velocity ; and thus all the
bodies in the universe would at lemgth fall together in the
common ‘centre of gravity. The immense distance at which the
stars are placed from each other would indeed delay such a
cutastrophe ; but this must be the ultimste tendency of the
material world, unless sustained in one harmonious system by
nicely-adjusted motions, To leave entirely out of view our con-
fidence in the wisdom and preserving goodness of the Creator,
and reasoning merely from what we know of the stability of
the solar system, we should be justified in inferring that other
worlds are not subject to forces which operate only to hasten
their decay, and to involve them in final ruin,

‘We conclude, therefore, that the material universe is ome
great system ; that the combination of plavets with their
satellites constitutes the first or lowest order of worlds ; that
next to these, planets are linked to suns ; that these are bound
to other suns, composing & still higher order in the scale of
being ; and finally, that all the different systems of worlds move
around their common centre of gravity.

I intended, before conetuding this popular digest of astrono-
mieal seience, to discuss the arguments which astronomy affords
to natural theology ; but these chapfers have been already
extended so much further than I auticipated, that I shall con-
clude with sugpesting & few of those moral and religious reflec-
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tions, which ought always to follow in the train of such a survey
of the heavenly bodies as we have now taken.

Although there is evidence enough in the structure, arrange-
went, and laws, which prevail among the heavemnly bodies, to
prove the ezistence of God, yet I think there are many sub-
ordinate parts of IHis works far better adapted to this purpose
than these, being more fully within our comprehension. Tt was
intended, no doubt, that the evidence of His being should be
accessible to all [Tis creatures, and should uot depend on a kind
of knowledge possessed by comparatively few. The mechanism
of the eye is probably not more perfeet than that of the universe s
Lut we can analyse it Detter, and more fully understand the
design of each part. But the existence of (Giod being once
proved, and it being admitted that he is the Creator and Governor
of the world, then the discoveries of astronomy are admirably
adapted to perform just that office in relation to the Great First
Cause, which is assigned to them in the Bible, namely, “to
declave the glory of God, and to show His handiwork.” In
other wordls, the discoreries of astronomy are pecaliarly fitted—
more 8o, perhaps, than any other departmont of creation—to
exhibit the unity, power, and wisdom, of the Creator.

The most modern discoveries have multiplied the proofs of
the wnity of God. It has usually been offered as sufficient
evidence of the truth of this doctrine, that the laws of nature
are found to be uniform when applied to the utmost bounds of
the solar system ; that the law of gravitation countrols alike the
motions of Mercury and those of Neptune ; and that its opera-
tion is one and the same upon the moon, and upon the satellites
of Saturn, It was, however, impossible until recently to
predicate the same uniformity in the great laws of the universe
respecting the starry worlds, except by a feeble analogy. However
improbable, it was still possible, that in these distant worlds
other laws might prevail, and other lords exercise dominion.
But the discovery of the revolutions of the binary stars, in
exact accordanco with the law ef gravitataon, not merely in a
single instance, but in mamy instances; in all cases, indeed,
wherever those revolutions have advanced so far as to deter-
mine their law of agtion, gives ws demonstration, instead of
analogy, of the prevalence of the same luw among the other
systems as that which rules in ours,

The marks of a still higher organisation in the structure of
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clasters and nebulwe, all bearing that same characteristic unton
of resemblance and variety which belongs to all the other works
of creation that fall under our notice, speak loudly of one, and
only one, grand design. Every new discovery of the telescope,
therefore, has added new proofs to the great truth that God is
one: nor, so far as I know, bas a single fact appeared that is
not entirely consonant with it. Light, moreover, which brings us
intelligence, and, in most cases, the only intelligence we have of’
these remote orbs, testifies to the same truth, being similar in
its properties, and uniform in its motions, from whatever star it
emanates.

In displays of the power of Jehovah, nothing can compare
with the starry heavens. The magnitudes, distances, and veloci-
ties of the heavenly bodies are so much beyond every thing of
this kind which belongs to things around us, from which we
borrowed our first ideas of these qualities, that we can scarcely
avoid looking with incredulity at the numerical results to which
the unerring principles of mathematics haye conducted wus.
And when we attempt to apply our measures to the fixed stars,
and especially to the nebuls, the result is absolutely over-
whelming : the mind refuses its aid in our attempts to grasp the
great ideas. Nor less conspicuous, among the phenomena of
the heavenly bodies, is the wisdom of the Creator.- In the first
place, this attribute is everywhere exhibited in the happy adapta-
tion of means to their ends. No principle can be imagined more
simple, and at the same time more effectual to answer the
purposes which it serves, than gravitation. No position can be
given to the sun amd planets. so fitted, as far as we can judge, to
fulfil their mutual relations, as that which the Creator has given
them. I say asfar as we can judge; for we find this to be the
case in respect to.our own planet and its attendant satellite, and
hence have reason to infer that the same is the case in the other
planets, evidently holding, as they do, s similar relation to the
sun. Thus the position of the earth at just such a distance from
the sun as suits the nature of its animal and vegetable kingdorus,
and confining the rapge of solar heat, vast as it might easily
become, within such narrow bounds; the inclination of the
earth’s axis to the plane of its orbits, so a8 to produce the
agreenble vicissitudes of the seasons,and increase the varieties
of animal and vegetable life, atill confining the degree of inclica-
tion so exactly within the bounds -of safety, that, were it much
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to transcend its present limits, the changes of vemperature of
the different seasons would be too sudden and violent for the
existence of either animals or vegetables ; the revolution of the
eavth ou its axis, so happily dividing time into hours of business
and of repose ; the adaptation of the moon to the earth, so as to
afford to ns her greatest amount of light just at the times when
it is needed most, and giving to the moon just such a quantity
of matter, and placing her at just such a distance from the earth,
as serves to raise a tide productive of every conceivable advan-
lage, without the evils which would result from 2 stagnation
of the waters on the one hand, or from their overflow on the
other ;—these are a few examples of the wisdom displayed in the
mutual relations instituted between the sun, the earth, and the
moon., :

Tu the second place, similar marks of wisdom are exhibited in
the many useful and important purposes which the same thing is
aurde to serve.  'Thus the sun is at once the great regulatoxr of the
planetary motions, and the fountain of light and heat. The moon
both gives light by night, and raises the tides. Or, if we would
follow out this principle where its operations are more within
our comprehension, we may instance the atmosphere. When man
constructs an instrument, he deems it sufficient if it fulfils one
single purpose ; as the watch, to tell the hour of the day, or the
telescope, to enable him to see distant objects ; and had a being
like ourselves made the atmosphere, he would have thoyght it
enough to have created a medium so essential to animal life, that
to live is to breathe, and to cease to breathe is to die. But
beside this, the atmosphere has menifold uses, each entirely
distinet from all the others. It conveys to plants, as well as
aunimals, their nourishment and life; it tempers the heat of
summer with its breezes ; it binds down all fluids, and prevents
their passing into the state of vapour; it supports the clouds,
distils the dew, and waters the earth with showers ; it multiplies
the light of the sun, and diffuses it over earth and sky ; it feeds
our fires, turns our machines, wafts our ships, and conveys to
the ear all the sentiments of language, and all the melodies of
musie.

In the third place, the wisdom of the Creator is strikingly
manifested in the provision he has made for the stability of the
universe. The perturbations occasioned by the motions of the
planets, from their action on each other, are very numerous,
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since every body in the system exerts an attraction on every
other, in conformity with the law of wuniversal gravitation.
Venus and Mercury, approaching, as they do at times, com-
paratively near to the earth, sensibly disturb its motions; and
the satellites of the remoter planets greatly disturb each other’s
movements. Nor was it possible to endow this principle with
the properties it has, and make it operate as it does in regulating
the motions of the world, without involving such an incident.
On this subject, Professor 'Whewell, in his excellent work
composing one of the Bridgewater Treatises, remarks: ¢ The
derangement which the planets produce in the motion of one of
their number will be very small, in the course of ene revolution ;
but this gives us no securitythat the derangement may not become
very large, in the course of many revolutions. The cause acts
perpetually, and it has the whole extent of time to work in. Is
it not easily conceivable, then, that, in the lapse of ages, the
derangements of the motions of the planets may accumulate, the
orbits may change their form, and their mutual distances may
be much increased or diminished ? Is it noet possible that these
changes may go on without limit, and end in the complete
subversion and ruin of the system ? If for instance, the result
of this mutual gravitation should be to increase considerably the
eocentricity of the earth’'s orbit, or to make the moon approach
continually nearer and nearer to the earth, at every revolution,
it is eagy to mee that, in the onse case, our year would change its
character, producing a far greater irregularity in the distribution
of the solar heat ; in the other, our satellite must fall to the
earth, occasioning a dreadful catastrophe. If the positions of the
planetary orbits, with respect to that of the earth, were to change
much, the planets might sometimes coma very near us, and thus
increase the effect of their attraction beyond calculable limits,
Under such circumstances, ‘we might have years of unequal
length, and seasons of capricious temperature; planets and
moons, of portentous size and aspect, glaring and disappearing
at uncertain intervals ; tides, like deluges, sweeping over whole
continents ; and perhape the collision of two. of the planets, and
the consequent destruction of all organisation on both of them.
The fact really is, that changes are taking place in the motions
of the heavenly bodies, which have gone en progressively, from
the first dawn of science. The eccentricity ef the earth’s orbit
has been diminishing from the earliest observations to our times.
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The moon has been moving quicker from the tune of the first
recorded eclipscs, and is now in advance, by about four times
her own breadth, of what her own place would have been if it
had not been affected by this acceleration. The obliquity of the
ecliptic also is in a state of diminution, and is now about two
fifths of a degree less than it was in the tiine of Aristotle.”

But, amid so many sceming causes of irregularity and ruin, it
is well worthy of note, that effectual provision is made for the
stability of the solar system. ‘The full confirmation of this fact is
among the grand results of physical astronomy. Newton did
not undertake to demonstrate either the stability or the instn-
bility of the system. The decision of this point required a great
number of preparatory steps and simplifications, and such progress
in the invention and improvement of mathematicnl methods, as
occupied the best mathematicians of Europe for the greater part
of the last century. Towards the end of that time, it was shown
hy Lagrange and Laplace that the arrangements of the solar
system ave stable ; that, in the long run, the orbits and motious
remain unchanged ; and that the changes in the orbits, which
iake place in shorter periods; never transgress certain very
moderate limits. Each orbit undergoes deviations on this side
and on that side of its average state; but these deviations arc
never very great, and it finally recovers from them, so that the
average is preserved. The planets produce perpetual perturba-
tions in ench others’ motions; but these perturbations are not
indefinitely progressive, but periodical, reaching a maximum
value, and then diminishing. The periods which this restoration
vequires are, for the most part, enormous,—not less than thou-
sands, and in some instances millions, of years. Indeed, some of
these apparent derangements have been going on in the same
direction from the creation of the world. But the rastoration is,
in the sequel, as complete as the derangement ; and in the mean-
time the disturbance never attains a sufficient amount seriously
to affect the stability of the system, I have succeeded in
demonstrating,” says Laplace, “that, whatever be the masses of
the planets, in consequence of the fact that they all move in the
same direction, in orbits of amell ecoentricity, and but slightly
inclined to each other, their secular irregularities are periodical,
and included within narrow limits ; so that the planetary system
will only oscillate about a mean state, and will never deviate
from it, except by a very small quantity. The ellipses of the
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planets have been, and always will be, nearly circular. The
celiptic will never coincide with the equator ; and the entire
extent of the variation, in its inclination, cannot exceed three
degrees.”

To these observations of Laplace, Professor Whewell adds the
following, on the importance, to the stability of the solar system,
of the fact that those plaucts which have great masses huve orbits
of small eccentricity :—* The planets Mercury and Mars, which
have much the largest eccentricity among the old planets, are
those of which the masses are much the smallest. The mass of
Jupiter is more than two thousand times that of either of these
pluzets. If the orbit of Jupiter were as eccentric as that of
Mercury, all the security for the stability of the system, which
analysis has yet pointed out, would dis.ppear. The carth and
the smaller planets might, by the near approach of Jupiter at his
perihelion, change their ncarly circular orbits into very long
ellipses, and thus might fall into the sun, or fly off into remoter
space. It is further remarkable, that in the newly-discovered
planets, of which the orbits are still more cccentric than that of
Mercury, the masses are still smaller, so that the same provision
is established in this case also.”

‘With this hasty glance at the unity, power, and wisdom of the
Creator, as manifested in the greatest of His works, I clogse. I
hope enough has been said to vindicate the sentiment that called
¢ Devotion, daughter of Astronomy!” I do not pretend that
this, or any other science, is adequate of itself to purify the
heart, or to raise it to its Maker ; but I fully believe that, when
the heart is already under the power of religion, there is some-
thing in the frequent and habitual contemplation of the heavenly
bodies, under all the lights of modern astronomy, very favourable
to devotional feclings, inspiring, as it does, humility, in unison
with an exalted sentiment of grateful adoration.




TIXE NEBTL.E
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Prare L—Lorp Tosst s ('nar Nppuna—This olject had long
been known ns o faint, ill-defived nebula of an elliptical fignre,
with nothing to distinguish it from many other similar lumious
clonds. When examined by Lord Fosse’s three-foet reflector, its
aspect was enlirely changed. The centrai part was scen to be
composed of a vast multitude of stars, whiic branching filaments
of hazy light. extended from the ccutve i ail divections.  There
can be little doubt of the actnal character of this singular ohject.
1t is probably an innnense cluster of sune, of a figure which
seemns to bid defiance to all our ideas of regularity or order. As
it still rests on a bed of misty light, indicating still more distant
portions of it, & higher power may lereafter work a complete
change in the character of its outline. It is among the most
distant objeets visible in the telescope, and exhibits a speciinen of
the singular variety of form, occasionally shown among these vast
congeries of stars.

Prate IL—TrE Grear NEmunA 1x Oriox.—Discovered by
Huygens in 1656. It is one of the largest among the nebuls,
and certainly one of the most magnificent. Tt was examined by
the elder Herschel, with the entire range of his telescopic power,
without exhibiting any appearance of being composed of stars.
Within the outline of the nebula, there are a great many large
and brilliant stars, but these are undoubtedly between the eye
and the nebula, and in no way connected with it. Among these
stars there is one marked on the maps as g Orionis, which has
long been known to consist of four component stars. DProfessor
Struve, of Dorpat, detected a fifth; and a sixth has recently
been added to this remarkable sct. Here we have an example
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of six suns, probably in physical union, and revolving about their
common centre of gravity. Near these six stars, and between
the short point of light and the long projecting branch, there
appears to be an absolute vacuity, intensely &leck. "Whether this
be an cifect of contrast with the brilliancy of the ncbula, or
occasioned by some peculiar constitution of this regiom, it is
impossible tu determine. In exhibiting this object to persons
who had never seen anything of the kind, 1 have frequently
heard them remark, that a part of the nebula was hid by a dack
cloud.

Sir W. Herschel being unable to resolve this nebula, with his
most powerful telescopes, placed it among those which he re-
garded as probably composed of the ncbulous fluid, or chastic
matter. The subsequent investigations of Sir John Herschel
confirmed the views of his father, and it has only been on the
application of the six-feet reflector of Lord Rosse, that the true
character of this object has been ascertained. The space-pene-
irating power of the monster telescope has carried the observer
near enough to discern the individual stars of which it is com-
posed. Its resolution has also been accomplished by the magni-
ficent Refractor of the Cambridge (U. 8.) Observatory.

The distance and magnitude of this object, as thus determined,
absolutely overwhelm the mind. In case light be not absorbed
in its journey through the celestial spaces, the light of the nebula
in Orion cannot reach the eye in less than sixty thousand years,
with a velocity of twelve millions of miles in every minute of
time ! and yet this object may be seen from this stupendous dis-
tance even by the naked eye! 'What, then, must be its dimen-
sions! Here, indeed, we behold a wniverse of ilself too vast for
the imagination to grasp, and yet so remote as to appear a faint
spot upon the sky.

The resolution of this nebula has been the signal for the re-
nunciation of Herschel's nebular hypothesis.

Prate II1.— NEBULA IN THE SHIELD oF SoBrEskl—This is

irresolvable nebula, figured by Sir John Herschel, during his
A tsidence at the Cape of Good Hope. Its favourable position, as

“den in southern Intitudes, enabled Herschel to trace the outline

the nebula much further than any preceding observer had

e. The singular figure of ‘this object seems to suggest some

er of attraction operating on the particles of matter, or the
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stars of which it is composed. In one place we sce a bright con-
densed mass of light, nearly round, while it is encireled by n
perfectly dark vacuity, on the outside of which nebulous light is
again scen. The smaller curve, at the opposite extremity, was
discovered by Herschel, while at the Cape, and has not been seen
at any northern observatory, so fur as I know. The stars seat-
tered through this nebula are not probably connected with it,
hut accidental in their position. It is impossible to assert, with
certninty, the absolute nebulosity of any object. It may be
that higher powers will resolve even this one into stars; but
thus far there has lLeen no evidence gained of its resolvable
character.

Prate IV~Tue RiNe NEnvLa, 1IN 11k CONSTELLATION LyRna.
~—The remarkable size and form of this remote object have
combined to render it one of the most curious and interesting
in the heavens. 1t is beautifully showu by the Liefractor of
the Ciueinnati Observatory, and appears as a ring of misty
light liung in the heavens, with a diameter as large as that
of the moon, when seen with the naked eye. In instruments
of inferior power, the interior of this ring ippears quite dark;
put I have always seen this space filled with more or less
light, according to the purity of the atiosphere at the time
of examination.

It is supposed 1o be a vast congeries of stars, united inio oue
grand system. This object is so remote, as to be utterly invisible
to the naked eye, and its light cannot reach us in less than twenty
or thirty thousand years !

It has shown symptons (as Herschel remarks) of resolvability ;
but has not been fully resolved. There is oue other ring nebula
known in the northern heavens, and I believe, but one. Herschel
has found several in the south.

Prate V.—Lorp RossE's WHIRLPOOL 0R SPIRAL NEBULA—
This is certainly one of the most wonderful objects in the heavens.
I have frequently examined it with the Cincinnati Refractor.
The principal outlines are well shown, but the filling up is only
accomplished by the monster refractor of the Irish nobleman.
The two great central clusters are seen with my large instrument,
and were originally drawn by Herschel as distinct objects. The
curious spiral form is exhibited with great beauty, and seems
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to indicate the action of some powerful and controlling law,
in this rgmote body or cluster of umverses; for such ndeed
it seems to be.

Prare VIL—Tne Duve-BELL NEBULA, A8 FIGURED BY LoRD
Rosse —This object was discovered by Messier, as early as 1764.
It occupies one of the richest portions of the heavens, and 1s sur-
rounded by thousauds of stais. 1In ordinary telescopes 1t may
be seen in the shape of a double-headed shot, or dumb-bell ;
hence its nawme With moie power its outlines are changed,
until, with Lord Rosse’s great telescope, it is scen under the
Jfigure shown m the plate. I have scen the object very nearly
under the form in the drawing, but cannot say that I have ever
fanly resolved 1t iute stars.  The Cambridge Refiactor, in the
hands of Mr Boud, 1s suid to have accomphished 1ts resolution,
I sce mauy stars on the nebula, but presume them to be acci-
dental, o1 Jocated between the observer and the nebula.
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HE CASTAWAYS; or, Adventures of a Family in the
Wilds of Africa. Py A. BowmaN, Author of ¢ Esperanza.”

‘With Eight Illustrations by Harrison Weir.
¢ 1s a most mierestuy work, coataiming the adventures of a fumily in the wilds of

Afriea, with 1nany thrlhng, penlous, and amusing incidents. The hunting adven-
tures are reluted with great spirt.””

FAIRY GOLD FOR YOUNG AND OLD. Edited by
H. F. CuorLry. With Eight Illustrations by W. Harvey.
Béranger, the poet whomi France has just lost, in writing to the anthor of thix

rolume, says, T e fimshed reading your tales, and am us thoroughly enchanted

as uny small child to whow, for the first time, somoe one has told the story of Tuta
Thumb."”

THE LITTLE WHALER. By F. GERSTAECKER. With
Eight Illustrations by Harrison Weir.

¢ Gerstaecker i9 the most popular writer of the day with tho young, He has seen
what he deseribes, und shared in the adventures which ho relates. ence his books
are trauthful pigtures of the busy scencs of aotive hfe.”

OBINSON CRUSOE; including His Further Adven-
S tures. DBy DaN1EL Deror. Illustrated by Phiz.

“ Tho passing dehghtful story of many gencrations, the always entertnin’g book,
and the subject of copy to all ages.”

ANDFORD AND MERTON. By Tuomas Day.
Newly Revised and Edited. With Illustrations.

“A fnvounro] of lml"]yt“ eentuﬁ‘y—how many books pass into dull forgetful
ness in one-tenth of that time, All young people can study with much adyautag:
the lustory of Sandtord and Merton," & peor v ose
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Price 3s. 6d. each, cloth gilt, or &s. gilt edges.

UIZOT'S (Madamc) MORAL TALES FOR YOUNG
PEOPLE. Translated from the latest French Edition, by Mrs,
L. Burkg. The Fourth Edition. Illustrated by O. R. Campbell.

“The ¢Moral Tales’ of Madame Guizot are §;nara.lly a8 well apgreeiulod by
younger children than they were originally iutended for as they are by persous of
maturer years, 850 numerous aro the sound lessons of good sense und proper influence
paramount throughout these works."

VENINGS AT HOME; or, The Juvenile Budget
Opened. By Lucy AIKeN and Mrs. BARBauLD. With Eight
fincly-executed Engravings.

* This is one of the best books for young people from seven to ten yeors old that
has yet appesred in the world ; and the mixture of scientific and moral lessons is so
happily b‘ljsndcd a8 Lo relieve the attention.” —Miss Edgeworth.

WISS FAMILY ROBINSON; or, Adventures on a
Desert Island. Complete Edition, Revised and Improved. With

Sixteen large Engravings by John Gilbert.
¢The purport of this pleasing story is to convey instruction in the Arts and
Natural History, and at the same time Lo inouleate l‘? ple prnciples which
tend to the promot of socinl bappi 1t well deserves the bigh encomium
ed on it by one of the most competent judges, that it is one of the best cluldren’s

ks ever writlen,”

CELEBRATED CHILDREN . OF ALL AGES AND
NATIONS. By M.MassoN, With Illustrations, from Designs
by Absalon.

Royal Children, Children celebrated for their
Martyr Children, Filial Affection,
Courageous Children, Laborious Children,
Learned Children, Poet and Artist Children.

“ This volume is one which cannot fail to interest and benefit the young; for in
offering to their consideration, in & very attractive form, the remarkable actions of
versons of their own age, it not only ensures a ready sympathy, but 1s also eminently
calculated to excite emulation and encourage perseverance,”

HE DAWNINGS OF GENIUS, exemplified and ex-

hibited in the Early Lives of Distinguished Men. By the Rev.

T. A. BucgLEY, M.A., Oxon, with Illustrations, Views, and Designs
by Godwin.

The®haracters noted are—Pico di Mirandola, Petrarch, Giotto,
Michel- Agnolo Buonarroti, Raffacllo d'Urbino Sanzio, Erasmus, Sir
Thomas More, King Edward the Sixth, Richard Evelyn, William
Wotton, Barretier, Candiac de Montcalm, Pascal, Sir Christopher Wren,
Grotius, Scaliger, Gaspar Barthius, Isaac Casaubon, Sir Francis Bacon,
Sir lsaac Newton, Galileo, Mozart, Niebuhr, Dr. Arnold, Hogarth,
Sir Thomas Lawrence, Chatterton, Walter Scott, Franklin, Washington.
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Price Bs. 6d. each, cloth gilt, or 4&s. gilt edges.

\7OYAGE AND VENTURE; or, Narratives of Perils
by Sea and Land. With Eight Illustrations.
¢ A volume of excitemoent for the fireside: in 1t are narrations of perilous inci~
dents in naval life-—by fanane, fire, and wreck, a8 well as in the busy stir of war;
the calm decision of ilalnon at tho Nile; the career of the soldier in tented flold
and siege ; an instance of the firm and steady purpose of Wellngton at Vittoria,
as well ‘as Iy kindly eare for others, by an eye-witness. Here, slso, are the ade
veutures of hardy hunters in the Indian wilds, and their many hair-breadth escapes

whon m pursuit of savage unnnals, or their greater peril, the wild Indiau.

RAVELS OF ROLANDO (THE); or, A Tour Round

the World, By Lucy AIKEN. A New Edition, revised and cor-
rected by Cecil Hartley, A.M. [Hustrated by William Harvey.

¢ Combined with the most vivid descriptions, we find in the * Travels of Rolando®

the hyveliest, most varied, most extraordinary, and most impressive personal advens
tures that nnagimution 1s capable of conceiving, or pencil of pourtraying.”

ROMANCE OF ADVENTURE (THE); or, True Tales
of Enterprise. Second Edition, enlarged and revised. With
Illustrations by J. Gilbert and W. Harvey.

“ Bovks of personal adventure . are, after all, the greatest favourites witn the
young, aud such books as the * R of Adventure,’ ining much informa<
tion, as well us arwuring and useful fucts in Natural }list::;{ »ntertainingly conveyed,
cannot, we fiel couvmeed, in the estimation of any intelligent boy or girl, fail o
becoming o great favourite,”

HE BOY'S OWN STORY-BOOK of FAIRY TALES
and LEGENDS. Selected and Xdited by CHARLES KNIGHT.
‘With numerous Jllustrations by William Harvey.

¢ This volume contains & fund of entertainment most ably selected from the
enchanting Eastern tales and hallud legends of the West.”

HANS ANDERSEN'S FAIRY TALES & LEGENDS,
Translated by Madame de Chatelain, and Tllustrated by Henry
‘Warren.

¢ Huns Aundersen’s delighiful mode of conveying moral instruction has emtlén
buted to render his works universal favourites.”

HE SEVEN WONDERS OF THE WORLD, and
their Associations. Edited by the Rev. T. A. Buckrey. The Second
Edition, much enlarged, with Engravings by William Harvey.
¢Time has not been able to erase these * Wonders’ from history's : manvals
ﬂ:?' have continued; and, as some of these vast fabrics are con ly broum
before us in connexion with Biblieal History, in this volums will be found all
information that could be gatheved respecting them.” R
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THE TRAVELS OF ROLANDO (Sccond Series). By
Miss A. BowMaN, Authoress of “Laura Temple.” With En-
gravings by John Gilbert.

“ This volume completes the Tour of the World through such parts as were left

unnoticed by the author of the first series—iiz,, Mesopotumin, Persia, Sibera,
Kamschatka, Chins, and Thibet.”

IN FLUENCE; or, The Evil Genius. By the Author of
¢“A Trap to catch a Sunbeam.” With beautiful Engravings Ly
John Gilbert.

“The same natural manmer and grace adorn the pages of ¢Influence,” ne inall

the fermer works of this lady, and indicate that perseverance and right feclmg in
tins, as 1n many others, have et with abundant suceess,”

NCLE TOM'S CABIN. Edited by Mrs. Crowg, and
adapted to juvenile readers, With Illustrations by Harvey.

THE ISLAND HOME; being the Adventures of Six
Young Crusoes, cast on a Desolate Island, The Third and
Revised Edition, with Illustrations.

¢ ITere were realized
My boyhood’s enrliest dream of isles that lie
In farthest depths of occan, girt with all
Of natural wealth and splendour—jewelled isles
Boundless in ulumaginable spoils
That earth is stranger to,"

BOYS AT HOME. By C. Apaus, Author of “Edgar
Clifton,” ¢ Matilda Lonsdale,” &c. The Third Edition. 1lllus-
rated by John Gilbert.
“ A beautiful and deeply-interestiug tale, remarkable for its vigorous and disci-
lined 1magination, its lively and pure style, and high moral tone; it cannot fuil to
as great o favourite with the rising generation as the tales by Miss Edgeworth,
which have been read and re-read by almost all the world."”

HEROINES OF HISTORY (The). By Mrs. O. F. Owen.
Tllustrated by John Gilbert.

“ Memoirs of twenty-four celebrated women, written freely and with good feeling ;
the whole book is written in & spirit which fite it for the perusal of the young.”
",

A PICTURE STORY BOOXK. Ilustrated with Four
Hundred Cutas. .

*This is one of the most amusing volumes that can be put in the hands of
pevple:itwﬂlm&kethemcuokthglidnwithhngh‘:er.'?n in o hands of young
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SPERANZA ; or, The Home of the Wanderers. By

Miss BowMAN, Author of ¢ Rolando’s Travels,” Second Series.
With Bight Illustrations by Birket Foster. The Third Edition.
““This is & pleasing and instructwve story of adventiure in South Ameriea. The
authoress manages to couvey much useful mformution in the course of her narrauve,
and to mpress many good nud pious lessons on the mind of the render. The wood-

cut llustrations are extremely good. We co d this book especially to the
young.”

OIIN RAILTON; or, Read and Think. By WiLLiax
Rorson, Author of “The Life of Richelien,” &ec.

< Ifa parent he desirous of pleang a really instruefive ook into the hands of his

chiliren, we cun recommend to bim no volume better caleulated to improve the

disposition und elevate the mind thun tlis neat and unpretending volume.”’— Bell’s
Messenger.

1' ILDRED THE DAUGHTER. By Mrs. NEwrox
CRrOSLAND (late Camilla Toulnin). Tllustrated by John Gilbert.

“We cordlly recommend it to all our young lady friends just wbout to enter mto
Lfe. 1t will at once strengthen uud clevate their minds,"-—-Britanma.

UIZOTS POPULAR TALES. Now First Translated
into English by Mrs, L. Burke, Third Fdition. With Eight
Nlustrations by Godwin.
¢ Are smply and_truthfully constructed, and are, ua they should be, perfectly
unpretending m style and language, without losing anything of that persprenity so
essential in productmm of this nuture, The translator has preserved this tone, and
the result 18 one of the most complete story-books for children in the Enghsh
language.”—Observer,

KETCHES AND ANECDOTES OF ANIMAL LIFE.
By the Rev. J. G. Woop, M.A.,, F.L.S., &. With Eight Illus-
tratione by Harrison Weir.
¢ This is an excellent Gift-Book for boys.” — 4tlas.
¢< A fresh spirit pervades the book, ns well in the narratives as the descriptive
account, of the nature and habits of the animals,”’—Spectator.

¢ Is replete with interest and information, and will be a valuable work to the ris:ng
generation,” —News of the World,

RIMM’S HOME STORIES FOR THE YOUNG.

Newly Translated by M. L. Davis, and Illustrated by George
Thompson.

“These are the most charming children’s stories that have ever been imported
for the benefit of our En%lnh boys and girls, and the present translation by Aliss
Davis does full justice to the original : thete is no lm)ppy conceit, no funny joke, no
pathos or pretty bit of iimpossibility that is neglected, and the tales throughout will
entertain "children, little and big. while the many lessons they contain of love,

harity, und g ity, are_cal d to win 8 way to their hearts, The volume
will be a most mcepu%le gift to all boys und girls,”—Tke Press,
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E GREAT CITIES OF THE MIDDLE AGES:

their Rise and Proj . A Compamon Volume to ‘‘The Ancient

Cities.” By the Rev.T. A. Buckigy, M.A, F.5.A. With Eight
Jlustrations, from Designs by Willinm Harvey.

 Thia volume, on the ¢ Great Citaes of the Middle Ages,’ will consey to the young

student espacldfy 8 great deal of valuable and useful information , and the volume

is fnroduaed in such » style as to make 1t a very pleasant ¢ Handbook of History,’ and
88 duch, very appropriaie as a Prize or Guft-Book.”

TRAY LEAVES FROM SHADY PLACES. By

Mrs. NEWTON CROSLAND (late Camilla Toulmin), Author of

‘ Partners for Life,” ‘‘Lydin: a Woman's Book,” &c.  Witl Eight
Tlustrations, from Designs by John Gilbert

*“ Mrs. Crosland’s ¢ Btray Leaves' we conscientiously declare we caunnot prase too

highly ; and we she p and gemus tor fictitsous narrative as
Jhigh a8 any iming wniter with whose works we are acquainted '—Standard

RIENTAL FAIRY TALES. An Original Translation
Now first published, beautifully printed, and Illusirated with nume
rous Engravings by W. Harvey, engraved by Messrs Dalziel.

* One of the prettiest books that has been pubhhed for 8 long time  The tales are
quute equal, 1f not superior, even to those of the tar-famed Hana Andersen.”

ATILDA LONSDALE. By C. Apams, Author of
“E Chfton,” ‘“ Boysat Home,” &c, With Eight Illustration«
by Birket Foster,

" works have been produced for the amusement of boys we are, therefore,
glad to that Miss Adams has, in this new tale, made a young lady her herome,
and 1t 18 hoped that * Matilda Lonsdale’ wall be as well known to the young ladies ot
our scquantance as ¢ Boys at Home’ 18 to our young gentlemen reigNps.”

*It1s an excellent tale, very sweetly and gracefully wrtten, and what 1s better, mch
it Ohnstian principles well brought out and judicivualy euforced."; “Yaagow Citizen

MY FEATHERED FRIENDS. Containing Anecdotes

of Bird life, more especially Eagles, Vultures, Hawks, Magpies,
Rooks, Crows, Ravens, Parrots, Humming Birds, Ostriches, &o. &c
By the Rev. J. G. Woop., With Illustrations by Harrison Weir.

$The author’s endeavour has been to show the life 1nd the character of the

crentures rather than their outward shape, the strictly crienfific of the
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LD TALES FOR THE YOUNG. Newly Written b
PaLuer, and Ilustrated by Alfied Crowgquill,
This volume conmsts of the most popular Nursery Tales 11 the lang)
written and illustrated— which will, doubtless, prove a great attrastion
¢ M: Palma has lad the rising generation under desp obligtion,
ertatn 10 mett with the success comnensursie with s merts, ’
Ae wy

A Second Series, comprising Anecdotes of Ammals not ineluded 1
m vhe Fust DBythe Rev J & Woon, MA, FL.B, &e With
THustzations by Hunson Weu h
Y ung p ople will spind t! n time pleasantly and well who should be f
gl ver s pagos and thosc_very wise people, therr elders, if they took 16 by
wold certamly benstruoted —ZIzaminer

’FHE ANCIENT CITIES OF THE WORLD, mn thein
Glory and therr Desolation By the Rev. T A BuokLEY, M.X,
Tlustrated with numcious Engravings  The Third Edition
Ty dwork preser ting auch a lfe-stirrng and pioturescgue seriés
of pan(::u‘l;s:s‘fr}\'vﬁl l:n :r‘:ss tm‘\ nrmdn}fowwﬁﬂly, and excite a de::re to l:am.'n!mmna
fth great o untries f wihich those renowned cities were the capitals  Neatly 4
tisted and carctully wratten 1t 8¢ thegook 10 put mto the hands of everyyoung person.f,

VVULF S FAIRY TALES, Edted, with a Prefece,'
by K R Macxsn/ig, wd Hlustrated by Harvey !
Wolf nr putatim m Germany 8s a wnter of Paary- Btores 1a only equalled by,
‘Har s Andarsen or the Brothers Grimm
¢ 1t would he hard to estim ate tho amount ot gentleness and mercy that has made.
its way among us through the channels of kairy Tales Forbearance, 'y
«<onst Icration for the poor and aged, kind tieatment of animals, the love of
1 he rrence of thnny and brute force—many such good W fhwve been nourr
m the (hild s heart 1y this powerful axd It has grea elped to keep us ever,
young, ty preserving through our world.l{ﬂwnyi one slepder track not over,
with weods, where we may walk with children, shering thewr dehghts,”. J
Du kens Household W ords ;
4

EDGEWORTH.’S (Miss) PARENTS ASSISTANT,
With B 1t Illustrations by Phiz 'F

EDGEW ORTH’S POPULAR TALES, With l'ﬂlgl.'t:;‘g
Tllustritions by Dalziel t

DGEWORTH'S EARLY LESSONS. With mgké

F-25

llustrations by Birket Foster 3
JLDGEWORTHS MORAL TALES, - With Eight Titus
8 by Dalnel '

¢ Miss  pcworth s Juvemle Booke still continue to be the most popular of
many popular works that are dsn&:un{opublhhed These editions are prnf
large type, on go)d paper, aud are illustrated with Eight Engravings m v
Thcy ure very appropriate Presest Books *
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Aunt Mavor's Alphabut. Mr T'on ind Mis
5 Willie's Hohday Muwor s Picture Gl
Chatles Grey 8 Thaveds | Rheynard the o

Wath 85 Colouwrcd 1lu trtions

» A UNT MAVOI'S PRESENT FOR A GOUD LITII ¢
GIRT,  Comprsing—

Victora Alphabt MothayTunch «ITvenn P o
Old Cormsh Woman Tattle Pollv s D I Hen
The Cat’s Tea Party Unde Hugh » Courtry 1t

With 74 Colomacd Hiustration ¢
i!AUNT MAVOR'S TOY BOOK. Comprimg—

blue Beard Cock Twb n
Subad the Saalo, H usc it Juk Lun
Lattle Polly Cheny Gicbard

Wath 48 Colowdd Hustiations

Loxpox: G. ROLTLEDGIE & (0. Tatumaewen St1i7:

»















1in167

L L



