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PREFACE TO THE SECOND EDITION.

—ip——

Tx preparing the Second Tdition, much advantage has been
derived from criticisms upon the first, some through the press,
others most gratefully received by the author from persons
of eminence and authority in science. Omissions have been
supplied, errors have been corrected, and pains taken to render
the work in every way more worthy of the cordial reception
granted to it on its first appearance. Astronomical research
has, in the short interval, made such rapid progress as to
demand the addition of a considerable amount of new matter
to the later Chapters, their growth illustrating, however
imperfectly, the vitality of the science. The Index has also
been enlarged, and a Chronologieal Table added for convenience
of reference. By the great kindness of Mr. Common and the
MM. Henry, to whom the author tenders her best acknow-
ledgments for their courteous assistance, some striking speci-
mens of celestinl photography are presented in the form of a
Frontispiece and Vignette. Beyond any mere ornamental
effect, these beautiful autograph pictures have a scientific
value and significance which time will but enhance. The
process used in their reproduction is that of the Messrs.
Woodbury.

Loxpox, March 1887






PREFACE TO THE FIRST EDITION.

e

TrE progress of astronomy during the last hundred years has
been rapid and extraordinary. In its distinetive features,
moreover, the nature of that progress has been such as to lend
itself with facility to untechnical treatment, To this eircum-
stance the present volume owes its origin. It embodies an
attempt to enable the ordinary reader to follow, with intelli-
gent interest, the course of modern astronomical inquiries,
and to realise (so far as it can at present be realised) the full
effect of the comprehensive change in the whole aspect, pur-
poses, and methods of celestinl science introduced by the
momentous discovery of spectrum analysis.

Since Professor Grant's invaluable work on the History or
Physical Astronomy was published, a third of a century has
elapsed. During the interval, a so-called * new astronomy "
has grown up by the side of the old. One effect of its advent
has been to render the science of the heavenly bodies more
popular, both in its needs and in its nature, than formerly.
More popular in its needs, since its progress now primarily
depends upon the interest in, and consequent efforts towards
its advancement of the general public ; more popular in its
nature, because the kind of knowledge it now chiefly tends to
accumulate is more easily intelligible—less remote from ordi-
nary experience—than that evolved by the aid of the ealculus
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from materials collected by the use of the transit-instrument
and chronograph.

Tt has thus become practicable to describe in simple language
the most essential parts of recent astronomical discoveries ;
and being practicable, it eould not be otherwise than desirable
to do so. The service to astronomy itself would be not incon-
siderable of enlisting wider sympathies on its behalf; while
to help one single mind towards a fuller understanding of the
manifold works which have, in all ages, irresistibly spoken to
man of the glory of God, might well be an object of no ignoble
ambition.

The present volume does not profess to be a complete or
exhaustive History of Astronomy during the period covered
by it. Its design is to present a view of the progress of
celestial science, on its most characteristic side, since the time
of Herschel. Abstruse mathematical theories, unless in some
of their more striking results, are excluded from consideration.
These, during the eighteenth century, constituted the sum and
substance of astronomy ; and their fundamental importance
can never be diminished, and should never be ignored. But,
as the outcome of the enormous development given to the
powers of the telescope in recent times, together with the
swift advances of physical science, and the inclusion, by means
of the spectroscope, of the heavenly bodies within the domain
of its inquiries, much knowledge has been acquired regarding
the nature and condition of those bodies, forming, it might be
said, a science apart, and disembarrassed from immediate de-
pendence upon intricate, and, except to the initiated, unin-
telligible formulee. This kind of knowledge forms the main
subject of the book now offered to the public.

There are many reasons for preferring a history to a formal

treatise on astronomy. In a treatise, what we know is set
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forth. A history tells us, in addition, /icw we came to know
it. It thus places facts before us in the natural order of their
ascertainment, and narrates instead of enumerating. The
story to be told leaves the marvels of imagination far behind,
and requires no embellishment from literary art or high-flown
phrases. Its best ornament is unvarnished truthfulness, and
this at least may confidently be claimed to be bestowed upon
it in the ensuing pages.

In them unity of treatment is sought to be combined with
a due regard to chronological sequence by grouping in sepa-
rate chapters the various events relating to the several depart-
ments of descriptive astronomy. The whole is divided into
two parts, the line between which is roughly drawn at the
middle of the present century. Herschel’s inquiries into the
construction of the heavens strike the keynote of the first
part ; the discovery of sun-spot and magnetic periodicity and
of spectrum analysis, determine the character of the second.
Where the nature of the subject required it, however, this
arrangement has been disregarded. Clearness and consist-
ency should obviously take precedence of method. Thus,
in treating of the telescopic scrutiny of the various planets,
the whole of the related facts have been collected into an
uninterrupted narrative. A division, elsewhere natural and
helpful, would here have been purely artificial, and therefore
confusing.

The interests of students have been consulted by a full and
authentic system of references to the sources of information
relied upon. Materials have been derived, as a rule with
very few exceptions, from the original authorities. The system
adopted has been to take as little as possible at second-hand.
Much pains have been taken to trace the origin of ideas, often
obscurely enunciated long before they came to resound through
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HISTORY OF ASTRONOMY

DURING THE NINETEENTH CENTURY,
————

INTRODUCTION.

WE can distingnish three kinds of astronomy, each with a
different origin and history, but all mutually dependent, and
composing, in their fundamental unity, one science. First in
order of time came the art of observing the returns and
measuring the places of the heavenly bodies, This was the
sole astronomy of the Chinese and Chaldeans; but to it the
vigorous Greek mind added a highly complex geometrical plan
of their movements, for which Copernicus substituted a more
harmonious system, without as yet any idea of a compelling
cause. The planets revolved in circles because it was their
nature to do so, just as landanum sets to sleep because it
possesses a virfus dormitiva. This first and oldest branch is
known as ‘“observational,”” or ¢ practical astronomy.” Tts
business is to note facts as accurately as possible; and it is
essentially unconcerned with schemes for connecting those
facts in a manner satisfactory to the reason,

The second kind of astronomy was fonnded by Newton.
Its nature is best indicated by the term “ gravitational ; ” but
it is also called * theoretical astronomy.” ! It is based on the
idea of cause; and the whole of its elaborate structure is

! The denomination *‘physical astronomy,” first nsed by Kepler, and
long appropriated to this branch of the science, has of late been otherwise
applied.

A



2 HISTORY OF ASTRONOMY.

reared according to the dictates of a single law, simple in itself,
but the tangled web of whose consequences can be unravelled
only by the subtle agency of an elaborate calculus.

The third and last division of celestial science may properly
be termed “ physical and descriptive astronomy.” It seeks
to know what the heavenly bodies are in themselves, leaving
the How ? and the Wherefore? of their movements to be
otherwise answered. Now such inquiries became possible
only with the invention of the telescope, so that Galileo was,
in point of fact, their originator. But Herschel was the first
to give them a prominence which the whole progress of science
during the nineteenth century has served fo confirm and
render more exclusive. Inquisitions begun with the telescope
have been extended and made effective in unhoped-for direc-
tions by the aid of the spectroscope and photographic camera ;
and a large part of our attention in the present volume will
be occupied with the brilliant results thus achieved.

The unexpected development of this new physical-celestial
science is the leading fact in recent astronomical history.
Tt was out of the regular course of events. In the degree in
which it has actually occurred it could certainly not have been
foreseen. It was a seizing of the prize by a competitor who
had hardly been thought qualified to enter the lists. Orthodox
astronomers of the old school looked with a certain contempt
upon observers who spent their nights in scrutinising the faces
of the moon and planets rather than in timing their transits,
or devoted daylight energies, not to reductions and computa-
tions, but to counting and measuring spots on the sun. They
were regarded as irregular practitioners, to be tolerated per-
haps, but certainly not encouraged.

The advance of astronomy in the eighteenth century ran
in general an even and logical course. The age succeeding
Newton’s had for its special task to demonstrate the universal
validity, and trace the complex results of the law of gravita-
tion. The accomplishment of that task occupied just one
hundred years. It was virtually brought to a close when
Laplace explained to the French Academy, November 19, 1787,
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the cause of the moon’s accelerated motion. As a mere
machine, the solar system, so far as it was then known, was
found to be complete and intelligible in all its parts ; and in
the Mécanique Céleste its mechanical perfections were displayed
under a form of majestic unity which fitly commemorated
the successive triumphs of analytical genius over problems
amongst the most arduous ever dealt with by the mind
of man.

Theory, however, demands a practical test. All its data are
derived from observation ; and their insecurity becomes less
tolerable as it advances nearer to perfection. Observation, on
the other hand, is the pitiless eritic of theory ; it detects weak
points, and provokes reforms which may be the beginnings
of discovery. Thus, theory and observation mutually act and
react, each alternately taking the lead in the endless race of
improvement.

Now, while in France Lagrange and Laplace were bringing
the gravitational theory of the solar system to completion,
work of a very different kind, yet not less indispensable to the
future welfare of astronomy, was being done in England,
The Royal Observatory at Greenwich is one of the few useful
institutions which date their origin from the reign of Charles
II. The leading position which it still occupies in the science
of celestial observation was, for near a century and a half after
its foundation, an exclusive one. It was absolutely without a
rival. Systematic observations of sun, moon, stars, and planets
were during the whole of the eighteenth century made only
at Greenwich. Here materials were accumulated for the
secure correction of theory, and here refinements were intro-
duced by which the exquisite accuracy of modern practice in
astronomy was eventually attained.

The chief promoter of these improvements was James
Bradley. Few men have possessed in an equal degree with
him the power of seeing accurately, and reasoning on what
they see. He let nothing pass. The slightest inconsistency
between what appeared and what was to be expected roused
his keenest attention ; and he never relaxed his mental grip
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of a subject until it had yielded to his persistent inquisition.
It was to these qualities that he owed his discoveries of the
aberration of light and the nutation of the earth’s axis. The
first was announced in 1729. It means that, owing to the
cireumstance of light not being instantaneously transmitted, the
heavenly bodies appear shifted from their true places by an
amount depending upon the ratio which the velocity of light
bears to the speed of the earth in its orbit. Because light
travels with enormous rapidity, the shifting is very slight ;
and each star returns to its original position at the end of a
year,

Bradley’s second great discovery was finally ascertained in
1748. Nutation is a real “nodding” of the terrestrial axis
produced by the dragging of the moon at the terrestrial equa-
torial protuberance. From it results an apparent displacement
of the stars, each of them describing a little ellipse about its
true, or “mean” position, in a period of eighteen years and
about seven months.

Now an acquaintance with the fact and the laws of each of
these minute irregularities is vital to the progress of obser-
vational astronomy ; for without it the places of the heavenly
bodies could never be accurately known or compared. So that
Bradley, by their detection, at once raised the science to a
higher grade of precision. Nor was this the whole of his
work. Appointed Astronomer-Royal in 1742, he executed
during the years 175062 a series of observations which
formed the real beginning of exact astronomy. Part of their
superiority must, indeed, be attributed to the co-operation of
John Bird, who provided Bradley in 1750 with a measuring
instrument of till then unequalled excellence. For not only
was the art of observing in the eighteenth century a peculiarly
English art, but the means of observing were furnished almost
exclusively by Dritish artists. John Dollond, the son of a
Spitalfields weaver, invented the achromatic lens in 1738,
removing thereby the chief obstacle to the development of the
powers of refracting telescopes; James Short, of Edinburgh,
was without a rival in the construction of reflectors ; the
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sectors, quadrants, and circles of Graham, Bird, Ramsden, and
Cary were inimitable by Continental workmanship.

Thus practical and theoretical astronomy advanced on
parallel lines in England and France respectively, the im-
provement of their several tools—the telescope and the
(quadrant on the one side, and the caleulus on the other—
keeping pace, The whole future of the science seemed to be
theirs. The cessation of interest through a too speedy attain-
ment of the perfeetion towards which each spurred the other,
appeared to be the only danger it held in store for them.
When, all at once, a rival stood by their side—not, indeed,
menacing their progress, but threatening to absorb their
popularity.

The rise of Herschel was the one conspicuous anomaly in
the astronomical history of the eighteenth century. It proved
decisive of the course of events in the nineteenth. It was
unexplained by anything that had gone before; yet all that
came after hinged upon it. It gave a new direction to effort ;
it lent a fresh impulse to thought. It opened a channel for
the widespread public interest which was gathering towards
astronomical subjects, to flow in.

Much of this interest was due to the occurrence of events
ealeulated to arrest the attention and excite the wonder of the
uninitiated. The predicted return of Halley’s comet in 1759
verified, after an unprecedented fashion, the computations of
astronomers. It deprived such bodies for ever of their por-
tentous character; it ranked them as denizens of the solar
system. Again, the transits of Venus in 1761 and 1769 were
the first occurrences of the kind since the awakening of science
to their consequence. Imposing preparations, journeys to
remote and hardly accessible regions, official expeditions, inter-
national communications, all for the purpose of observing them
to the best advantage, brought their high significance vividly
to the public consciousness ; a result aided by the facile pen
of Lalande, in rendering intelligible the means by which these
elaborate arrangements were to issue in an accurate knowledge
of the sun’s distance. Lastly, Herschel’s discovery of Uranus,



6 HISTORY OF ASTRONOMY.

March 13, 1781, had the surprising effect of utter novelty.
Since the human race had become acquainted with the company
of the planets, no addition had been made to their number.
The event thus broke with immemorial traditions, and seemed
to show astronomy as still young, and full of unlooked-for
possibilities.

Further popularity accrued to the science from the sequel of
a career so strikingly opened. Herschel’s huge telescopes, his
detection by their means of two Saturnian and as many
Uranian moons, his piercing scrutiny of the sun, picturesque
theory of its constitution, and sagacious indication of the route
pursued by it through space ; his discovery of stellar revolving
systems, his bold soundings of the universe, his grandiose ideas,
and the elevated yet simple language in which they were con-
veyed—formed a combination powerfully effective to those
least susceptible of new impressions. Nor was the evoked
enthusiasm limited to the British Isles. In Germany, Schriter
followed—Ilongo intervallo—in Herschel's track. Von Zach
set on foot from Gotha that general communication of ideas
which gives life to a forward movement. Bode wrote much
and well for unlearned readers. Lalande, by his popular lec-
tures and treatises, helped to form an audience which Laplace
himself did not disdain to address in the Erposition du
Systéme du Monde.

This great accession of popularity gave the impulse to the
extraordinarily rapid progress of astronomy in the nineteenth
century. Official patronage combined with individual zeal
sufficed for the elder branches of the science. A few well-
endowed institutions could accumulate the materials needed
by a few isolated thinkers for the construction of theories of
wonderful beauty and elaboration, yet precluded, by their
abstract nature, from winning general applause. DBut the new
physical astronomy depends for its prosperity upon the favour
of the multitude whom its striking results are well fitted to
attract. It is, in a special manner, the science of amateurs.
It welcomes the most unpretending co-operation. There is no
one “with a true eye and a faithful hand ” but can do good
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work in watching the heavens. And not unfrequently prizes
of discovery which the most perfect appliances failed to grasp
have fallen to the share of ignorant or ill-provided assiduity.

Observers, accordingly, have multiplied ; observatories have
been founded in all parts of the world ; associations have been
constituted for mutual help and counsel. A formal astro-
nomical congress met in 1798 at Gotha—then, under Duke
Ernest I1. and Von Zach, the focus of German astronomy—
and instituted a combined search for the planet suspected to
revolve undiscovered between the orbits of Mars and Jupiter.
The Astronomical Society of London was established in 1820,
and the similar German institution in 1863. Both have been
highly influential in promoting the interests, local and general,
of the science they are devoted to forward; while functions
corresponding to theirs have been discharged elsewhere by
older or less specially constituted bodies, and new ones are
springing up on all sides.

Modern facilities of communication have helped to impress
more deeply upon modern astronomy its associative character.
The electric telegraph gives a certain ubiquity which is invalu-
able to an observer of the skies. With the help of a wire, a
battery, and a code of signals, he sees whatever is visible from
any portion of our globe, depending, however, upon other
eyes than his own, and so entering as a unit into a widespread
organisation of intelligence. The press, again, has been a
potent agent of co-operation. It has mainly eontributed to
unite astronomers all over the world into a body animated by
the single aim of collecting * particulars™ in their special
branch for what Bacon termed a History of Nature, eventually
to be interpreted according to the sagacious insight of some
one among them gifted above his fellows. The first really
effective astronomical periodical was the Monatliche Corres-
pondenz, started by Von Zach in the year 18co. It was
followed in 1822 by the Astronomische Nachrichten, later by
the Memoirs and Monthly Notices of the Astronomical Society,
and by the host of varied publications which now, in every
eivilised country, communicate the discoveries made in astro-
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nomy to divers classes of readers, and so incalculably quicken
the current. of its onward flow.

Public favour brings in its train material resources. Tt is
represented by individual enterprise, and finds expression in
an ample liberality. The first regular observatory in the
southern hemisphere was founded at Paramatta by Sir Thomas
Makdougall Brisbane in 18z1. The Royal Observatory at the
Cape of Good Hope was completed in 1829. Similar estab-
lishments were set to work by the East India Company at
Madras, Bombay, and St. Helena, during the first third of the
nineteenth century. The organisation of astronomy in the
United States of America was due to a strong wave of popular
enthusiasm. In 1825 John Quincy Adams vainly urged upon
Congress the foundation of a National Observatory ; but in
1843 the lectures of Ormshy MacKnight Mitchel on celestial
phenomena stirred an impressionable aundience to the pitch of
providing him with the means of erecting at Cincinnati the
first astronomical establishment worthy the name in that
great country. On the 1st of January 1882 no less than one
hundred and forty-four were active within its boundaries. :

The apparition of the great comet of 1843 gave an additional
fillip to the movement. To the excitement caused by it the
Harvard College Observatory—ealled the ““ American Pulkowa
—directly owed its origin ; and the example was not ineffective
elsewhere.  Corporations, universities, municipalities, vied
with each other in the creation of such institutions; private
subseriptions poured in; emissaries were sent to Europe to
purchase instruments and procure instruction in their use.
In a few years the young Republic was, in point of astro-
nomical efficiency, at least on a level with countries where the
science had been fostered since the dawn of civilisation,

A vast widening of the scope of astronomy has accompanied,
and in part oceasioned, the great extension of its area of
cultivation which our age has witnessed. 1In the last century
its purview was a comparatively narrow one. Problems lying
beyond the range of the solar system were almost unheeded,
because they seemed inscrutable. Herschel first showed the
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sidereal universe as accessible to investigation, and thereby
offered to science new worlds—majestie, manifold, * infinitely
infinite ” to our apprehension in number, variety, and extent—
for future conquest. Their gradual appropriation has absorbed,
and will long continue to absorb, the powers which it has
served to develop.

But this is not the only direction in which astronomy has
enlarged, or rather has levelled, its boundaries. The unification
of the physical sciences is perhaps the greatest intellectual feat
of recent times. The process has included astronomy ; so
that, like Bacon, she may now be said to have “taken all
knowledge™ (of that kind) *for her province.” In return,
she proffers potent aid for its increase. Every comet that
approaches the sun is the scene of experiments in the electrical
illumination of rarefied matter, performed on a huge secale
for our benefit. The sun, stars, and nebul@ form so many
celestial laboratories, where the nature and mutual relations of
the chemical “ elements " may be tried by more stringent tests
than sublunary conditions afford, and where discoveries of
far-reaching importance in molecular physics may be confirmed
or originated. The laws of terrestrial magnetism can be
completely investigated only with the aid of a coneurrent study
of the face of the sun. The positions of the planets will
perhaps one day tell us something of impending droughts,
famines, and cyclones. Nay, with certain qualities of our
own atmosphere, no less essential to the existence of the
human race than its power of supporting respiration, we have
only quite recently become acquainted through the detailed
study of its “selective " action upon solar radiations.

Astronomy generalises the results of the other sciences.
She exhibits the laws of Nature working over a wider area,
and under more varied conditions, than ordinary experience
presents. Ordinary experience. on the other hand, has become
indispensable to her progress. The starry sphere no longer, as of
old, absorbs the whole of her attention. She takes in at one view
the indefinitely great and the indefinitely little. The mutual
revolutions of the stellar multitude during tracts of time which
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PROGRESS OF ASTRONOMY DURING THE FIRST HALF
OF THE NINETEENTH CENTURY.

CHAPTER 1.

FOUNDATION OF SIDEREAL ASTRONOMY.

UxTiL nearly a hundred years ago the stars were regarded by
practical astronomers mainly as a number of convenient fixed
points by which the motions of the various members of the
solar system could be determined and ecompared. Their
recognised function, in fact, was that of milestones on the
great celestial highway traversed by the planets, as well as
on the byeways of space occasionally pursued by comets.
Not that curiosity as to their nature, and even conjecture as
to their origin, were at any period absent. Both were from
time to time powerfully stimulated by the appearance of
startling novelties in a region described by philosophers as
“ incorruptible,” or exempt from change. The catalogue of
Hipparchus probably, and certainly that of Tycho Brahe,
some seventeen centuries later, owed each its origin to the
temporary blaze of a new star. The general aspect of the
skies was thus (however imperfectly) recorded from age to
age, and with improved appliances the enumeration was ren-
dered more and more accurate and complete ; but the secrets
of the stellar sphere remained inviolate,

In a qualified, though very real sense, Sir William Herschel
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marked it in his eatalogue with the Greek letter o, and was
watched through its phases of brightening and apparent ex-
tinetion by a German professor named Holwarda in 1638-39.1
From Hevelius this first known periodical star received the
name of “ Mira,” or the Wonderful, and Boulliaud, in 1667,
fixed the length of its eycle of change at 334 days. It was
not a solitary instance. A star in the Swan was perceived by
Janson in 1600 to show fluctuations of light, and Montanari
found in 1669 that Algol in Perseus shared the same peculiarity
to a marked degree. Altogether the class embraced in 1782
half a dozen members. When it is added that a few star-
couples had been noted in singularly, but it was supposed
accidentally, elose juxtaposition, and that the failure of repeated
attempts to find an annual parallax pointed to distances af
least 400,000 times that of the earth from the sun,* the picture
of sidereal science, when the last quarter of the eighteenth
century began, is practically complete. It included three items
of information—that the stars have motions, real or apparent ;
that they are immeasurably remote ; and that a few shine with
a periodically variable light. Nor were the facts thus scantily
collected ordered into any promise of further development.
They lay at once isolated and confused before the inquirer.
They needed to be both multiplied and marshalled, and it
seemed as if centuries of patient toil must elapse before any
reliable conclusions could be derived from them. The side-
real world was thus the recognised domain of venturesome
speeulations, which remained wholly uncramped by systematic
research until Herschel entered upon his career as an observer
of the heavens.

The greatest of modern astronomers was born at Hanover,
November 15, 1738. He was the fourth child of Isaac
Herschel, a hautboy-player in the band of the Hanoverian
Gruard, and was early trained to follow his father’s profession.

! Aragoin Annuaire du Bureaw des Longitudes, 1842,p. 313. 2 Bradley
to Halley, Phil. T'rans., vol. xxxv. (1725), p. 660. His observations were
direetly applicable to only two stars, ¥ Draconis and n Urss Majoris, but
some lesser ones were included in the same result.




14 HISTORY OF ASTRONOMY. PART 1.

On the termination, however, of the disastrous campaign of
1757, his parents removed him from the regiment, there is
reason to believe, in a somewhat unceremonious manner.
Technically, indeed, he incurred the penalties ' of desertion,
remitted—according to the Duke of Sussex's statement to Bir
George Airy—Dby a formal pardon handed to him personally
by George 111 on his presentation in 17821 At the age of
nineteen, then, his military service having lasted four years,
he came to England to seek his fortune. Of the life of
struggle and privation which ensued little is known beyond
the circumstances that in 1760 he was engaged in training the
regimental band of the Durham Militia, and that in 1765 he
was appointed organist at Halifax. This post he exchanged
a year later for the more distinguished one of organist at the
Octagon Chapel in Bath. The tide of prosperity now began
to flow for him. The most brilliant and modish society in
England was at that time to be met ab Bath, and the young
Hanoverian quickly found himself a favourite and the fashion
in it. Engagements multiplied upon him. He became
director of the public concerts; he conducted oratorios, en-
gaged singers, organised rehearsals, composed anthems, chants,
choral services, besides undertaking private tuitions, at times
amounting to thirty-five or even thirty-eight lessons a week.
e in fact personified the musical activity of a place then
cminently and energetically musical.

But these multifarious avocations did not take up the whole
of his thoughts. His education, notwithstanding the poverty
of his family, had not been neglected, and he had always
greedily assimilated every kind of knowledge that came in his
way. Now that he was a busy and a prosperous man, it might
have been expected that he would run on in the deep pro-
fessional groove laid down for him. On the contrary, his
passion for learning ceemed to increase with the diminution of
the time available for its gratification. He studied Italian,
Gireck, mathematics ; Maclaurin’s Fluxions served to “ unbend
his mind ;” Smith’s Harmonics and Optics and Ferguson’s

1 Holden, Sir William Herschel, his Life and Works, p. 17.
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Astronomy were the nightly companions of his pillow. What
he read stimulated without satisfying his intellect. He desired
not only to know, but to discover. In 1773 he hired a
small telescope, and through it caught a preliminary glimpse
of the rich and varied fields in which, for so many years, he
was to expatiate. Henceforward the purpose of his life was
fixed. It was to obtain “a knowledge of the construction of
the heavens;"”! and to this sublime ambition he remained
true until the end,

A more powerful instrument was the first desideratum ; and
here his mechanical genius came to his aid. Having purchased
the apparatus of a Quaker optician, he set about the manu-
facture of specula with a zeal which seemed to anticipate the
wonders they were to disclose to him. It was not until fifteen
years later that his grinding and polishing machines were
invented, so the work had at that time to be entirely done by
hand. During this tedious and laborious process (which could
not be interrupted without injury, and lasted on one occasion
sixteen hours), his strength was supported by morsels of food
put into his mouth by his sister,® and his mind amused by
her reading aloud to him the Arabian Nights, Don Quixote,
or other light works. At length, after repeated failures, he
found himself provided with a reflecting telescope—a 54-foot
Gregorian—of his own construction. A copy of his first
observation with it, on the great Nebula in Orion—an object
of continual amazement and assiduous inquiry to him—is pre-
served by the Royal Society. It bears the date March 4,
1774.°

In the following year he executed his first “ review of the
heavens,” memorable chiefly as an evidence of the grand and
novel conceptions which already inspired him, and of the
enthusiasm with which he delivered himself up to their guid-

! Phil. Trans., vol. ci. p. 260. ? Caroline Lucretia Herschel, born at
Hanover, March 16, 1750, died in the same place, January g, 1848, She
came to England in 1772, and was her brother's devoted assistant, first
in his musical undertakings, and afterwards, down to the end of his life,
in his astronomical labours, ? Holden, Op. cit., p. 30.










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































