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PREFACE.

——— Ot

I HAVE COLLECTED into the present volume those essays
to which I have had most frequently to refer in other
works, and particularly in ¢The Sun’ and ¢ Other
Worlds than Ours.’ A certain degree of inconvenience
is occasioned to readers when references are made to
articles published in different serials, and still more
when the reference is to essays published in the ¢Pro-
ceedings’ of scientific societies. It therefore seemed to
me desirable to gather together these scattered papers,
and, after submitting them to careful revision, to
publish them in a single volume. To this course I was
further encouraged by the welcome extended to my
¢Light Science for Leisure Hours,’ in which a series of
papers covering a somewhat wider range of subjects
had been similarly collected.

The first three essays in the present volume (though
the third is entitled, simply, The Study of Astronomy)
relate to the life and work of the great astronomer and
philosopher whose loss science has recently had to de-
plore. Then follow papers on the planets Mars and
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viil PREFACE.

Saturn. The subject of meteoric astronomy is next
treated at considerable length. The recent action
of the Astronomical Society in awarding its gold
medal to Schiaparelli for his researches into meteoric
astronomy has attracted considerable attention to the
subject, and has, as it were, sanctioned theories which
were viewed somewhat doubtfully when' the accom-
panying essays were written. The papers on the
Zodiacal Light and the Solar Corona are chiefly taken
from the ‘Proceedings of the Astronomical Society.’
They present views which have been confirmed, since
these papers were written, by many striking discoveries.
The remaining essays in the body of the work relate to
the stars and star-cloudlets, their nature, movements,
arrangement in space, and aggregation into systems.
They exhibit the reasoning on which I have based
those new views respecting the universe which are
presented briefly in ¢ Other Worlds than Ours,” and
which will be more fully exhibited in the lectures I am
about to give at the Royal Institution, and in a work
I am at present preparing, to be entitled ¢ Other Suns
than Ours.” The Appendices contain notes on the rota-
tion of Mars and the proper motion of the Sun, which
seemed somewhat too abstruse for the body of a popular
work like the present, as well as three essays on the
approaching transit of Venus, which, for a like reason,
seemed more suitably placed at the end of the volume
than elsewhere. These Appendices, and especially the
papers on the transit of Venus, contain many facts
which were collected or deduced at the cost of con-
siderable labour, and which will be useful, I believe, to
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those who desire to give the subjects of these essays a
thorough investigation.

The relation of the essay on Equal-surface Projec-
tions of the Globe to the more specially astronomical
subjects will be obvious when my use of equal-surface
projections, as a means of ascertaining and interpreting
the laws of stellar and nebular distribution, is taken
into account.

As it was found impossible to include in a single
volume all the scattered essays which seemed necessary
either for purposes of reference, or to supplement the
information contained in ¢Other Worlds’ and ¢The
Sun,’” I separated the essays into two divisions, one in-
cluding the more strictly scientific essays (with a few
exceptions), and the other containing essays of a some-
what lighter kind and more closely associated with the
subject of the plurality of worlds. The former series
constitutes the present volume, the latter will shortly
be published, uniform with ¢ Other Worlds,” ¢ The Sun,’
and ‘Light Science,’ under the title of ¢The Orbs
Around Us.’

I may here point out that popular sketches of
scientific subjects, however light they may be in treat-
ment, should be based on a careful investigation of
these subjects in their scientific aspect. It will be seen
from the dates appended to the present essays that the
slighter papers which I have written on the same
subjects for our popular serials have been, in all cases,
written after those subjects had been more solidly dealt
with, and that in most instances my researches had been
submitted to the consideration of the Astronomical
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Society before they had found their way, in a popular
form, into our magazines. I point this out in no spirit
of egotism. Indeed I conceive that it is simply a
matter of duty for those who desire to teach, to pre-
pare themselves for the task by first learning. But I
find it desirable to meet a grave charge unjustly brought
against me in the ¢ Saturday Review.” In a pretentious
essay on my ¢ Light Science for Leisure Hours,” the
reviewer has implied, in somewhat acrimonious terms,
that I have written on subjects which I have not pro-
perly studied. He cites, as his chief instance, my views
respecting the zodiacal light, remarking that if I had
studied the subject, and had made myself acquainted
with ¢the fact that the zodiacal light maintains a con-
stant position with respect to the horizon,’ I should
have avoided the blunder of regarding it as an extra-
terrestrial phenomenon. It will be seen from the date
of the accompanying essay on the subject that I had
brought before the Astronomical Society a complete
discussion of the phenomena of the zodiacal light full
half a year before ¢ Light Science’ was published, while
the note at p. 169 will show that in my treatise on
Saturn I had announced nearly eight years ago the re-
sults of a careful mathematical analysis of the subject.
It is true I had not ¢ made myself acquainted with the
fact that the zodiacal light maintains a constant posi-
tion with respect to the horizon;’ but this may be
explained by the circumstance that its changes of posi-
tion, as well from day to day as from hour to hour, are
among the most familiar facts of elementary astronomy.
Indeed, my ecritic, throughout his review, appeared
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singularly anxious to illustrate, by example, the folly
of writing on ill-studied subjects.

I have to thank the editors and publishers of the
various serials from which these essays have been
taken, for the permission to reprint them. In an
especial manner I owe thanks to the Council of the
Royal Astronomical Society, as well for leave to reprint
the essays from the Society’s ¢ Proceedings’ (which con-
stitute more than two-fifths of the present volume) as
for the permission to use the woodcuts and lithographic
engravings belonging to the Society.

RicaARD A. ProcTOR.
BrienToN: April 1872.






CONTENTS.

Sir John Herschel
Sir John Herschel as a Thoonst in Astronomy
The Study of Astronomy .
The Planet Mars
Saturn’s Rings
Deceptive Figures
The Planet Saturn
The November Shooting Stars, I
”» » 1L .
Guaging the November Meteor-stream
Meteors and Shooting Stars
The Zodiacal Light .
The Solar Corona and the Zoduwal L)ght .
Further Remarks on the Corona
Note on Oudemann’s Theory of the Coronal Radmuons
Note on the Corona
On the Shallowness of the Real Solnr Atmosphere

Theoretical Considerations respecting the Corons, I.
II.

The Sun’s Journey through Spsce
Coloured Suns .

News from Sirius

Equal-surface Projections of the Globe
A Novel Way of Studying the Stars
Distribution of the Nebule

A New Theory of the Milky Way

On the Resolvability of Star-groups regarded as a test of dmtance
A proposal for a Series of Systematic Surveys of the Star Depths

PAGE

29

49

69

81

87
105
119
136
150
163
176
195
199
203
207
210
226
240
256
269
282
297
317
328
338
345



xiv CONTENTS.

APPENDICES.
PAGE

A. A New Determination of the Diurnal Rotation of the Planet Mars . 353
B. Note on the Sun’s Motion in Space, and on the Relative Distances

of the Fixed Stars of various magnitudes . . . . 361
C. The Transit of Venus in 1874, I. . . . . . . 372
” 1II. . 382

” . . . . .
The Application of Photography as a means for determining the
Solar Parallax during the Transitof Vemus . . . . 395



LIST OF ILLUSTRATIONS.

—. O
PLATES.
I. Three views of Saturn . . . .o . Frontispiece
I1. The Orbits of the Earth and Ma.rs « .« . tofacepage 51
IIL. Distribution of the Nebule : Polar Maps . . w w317
IV. . ”» Equatorial Maps to face each other
V. w » » ” between pages 320, 321
VI. Transit of Venus, Ingress . . . . . to face page 379
viL. , Egress . . . . . . ., 38
VIII. » » Mean Ingress . . . . " » 385
Ix~ ” » Mm Egreu * . . ” ” 387
X. » »  From Ingress to Egress . . " »w 395
WOODCUTS.

Fig. 1. Chart of Mars on Mercator’s Projection . . 61
» 2. Explaining the whiteness at the edge of Mars's dmc . . 66
» 3. Straight lines which appear curved . 81

» 4. The Earth as supposed to be seen from the * mdaaut. of the
November Meteors, at 12 h. 15 m. night . . 110

» 5. The Earth as supposed to be seen from the ‘radiant’ of the
November Meteors, at 2 h. 15 m. am. . . . . 111

6. The orbit of the November Meteors . 127
7. Ideal view of Tempel’s Comet and the November Meteor-system 146
«» 8. Diagram illustrating progress of an Eclipse. . . . 178
9

” - ” ” . . . . 178
. 10. " " . . . . 188
,» 11. Diagram illustrating a defect in Oudemann’s t.heory of the
Coronal Radiations . . . 201
+» 12. The Corona during the Eclipse of 1870 (Lteut Brom) . 202
» 13. " " (Willard) . .o2n
» 14, ” (Brothers) . .21
w 15, Eqnal-aurface projection of the entire globe ... 285
.» 16. » »” . . . 285
w 17 " " ... 285
» 18. Illustrating new theory of Milky Way - .33
» 19. Diagram illustrating proper motions of Stars .. . 363
,» 20. " " .. . 364
» 21. Diagram illustrating Transit of Venus . . . . . 396
» 22, ” ” . . . . . 397
, 23. “ » . . . . . 398



S\
~.



ASTRONOMICAL ESSAYS.

—..omo.—

SIR JOHN HERSCHEL.

O~ Thursday, May 11, 1871, the greatest astronomer of our
day passed from amongst us. In so characterising Sir John
Herschel we are not forgetting that others in our time have
surpassed him in their mastery of special departments of
astronomical science. But, as an astronomer in the true
sense of the term, Sir John Herschel stood before all his
contemporaries. Nay, he stood almost alone. Others in
our day have worked right skilfully and well in advancing
astronomy. By abstruse mathematical calculations, by
laborious or by most delicate observations, by profound
physical researches, or by the ingenious employment of
various physical processes, they have added so much to our
knowledge that the astronomy of the last generation seems
altogether meagre by comparison with that of our own time.
_But how few have there been who have had, like Herschel,
a real insight into the grandeur of astronomical truths!
how few who, like him, could so touch the dry bones of
fact that they became clothed at once with life and beauty !
It may be said of some of the most skilful of Herschel’s
astronomical contemporaries, that they have scarcely even
perceived the essential truths of astronomy ; and not many
can be truly said to have felt the full import of those
B
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truths. But to Herschel astronomy was not a matter of
right ascension and declination ; of poising, clamping, and
reading off ; of cataloguing and correcting. He saw the
real value of technical and instrumental details; but he did
not mistake these details for astronomy, as some have done.
“When he read the wondrous lessons taught by the heavens,
it was for their meaning that he cared, not for the ontward
symbols by which they are expressed.

Sir John Herschel was born on March 7, 1792, at Slough,
in Buckinghamshire. It was here, our readers will re-
member, that his father’s telescopic researches into the
celestial depths were carried out, and here the younger
Herschel grew up amid influences which could scarcely fail
to affect his future career. At Slough night was turned
into day, for it was at night and all through the night that
Sir William Herschel pursued his labours, while in the
daytime the house was kept still and silent, that the astro-
nomer and his assistants might sleep. There must have
been something singularly impressive to the mind of young
John Herschel in this continued communing with the host
of heaven. He saw his father—already an old man when
he himself was but a youth,—his uncle and his aunt, Miss
Caroline Herschel (the hardworking assistant of her brother),
all earnest in the study of those far-off worlds, while the
things of this world seemed to be but of secondary import
to them. What wonder, then, if as he advanced in years
astronomy had for him a significance and a charm which it.
possessed for none other? Or what wonder, if, when de-
scribing the glories of the celestial spaces, he spoke with a
fervour and enthusiasm which had a strange power in stir-
ring the hearts of men?

Yet the earlier labours of the future astronomer were
directed to other branches of study than the science which
hig father had made his own. Under the sound instruction
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of the Scotch mathematician Rogers, he became proficient
in mathematics. He went to St. John’s College, Cambridge,
in 1809, and in 1813 took his Bachelor’s degree, graduating
as Senior Wrangler, and taking the first Smith’s prize.
Amongst the most important of his services to science must
be noted the work which, in conjunction with a few young
men of like mind, he achieved at this time in advancing
the study of the higher branches of analytical mathematics.
At Cambridge, and indeed throughout this country, the
higher mathematics had long been strangely neglected.
Continental mathematicians had passed so far in advance of
the countrymen of Newton that, as was well said, English
mathematicians ¢ seemed to bave slackened rein, conceiving
pursuit to be hopeless.” To the labours of Herschel and his
fellow-workers—Babbage, Peacock, and others—may fairly
be ascribed the success with which, during the last half-
century, this state of things has been corrected. A country
which can boast of such mathematicians as Cayley, Sylvester,
Adams, Airy, Challis, and Stokes, need no longer look with
envy even on the highest mathematical schools of France
and Germany. .

In the very year in which he took his degree Herschel
published the treatise entitled ¢A Collection of Examples
of the Application of the Calculus of Finite Differences.” It
is only necessary to examine the papers he contributed at
this time to the Royal Society to recognise the mastery he
had acquired over the more recondite branches of mathe-
matics. In Volume CIIL. of the ¢ Philosophical Transactions’
will be found his first contribution, a paper ¢On a Remark-
able Application of Cotes’s Theorem ;’ and this was quickly
followed up by ‘A Consideration of Various Points of Analysis,’
by a paper ¢ On the Development of Exponential Functions
and Several New Theorems Relating to Finite Differences,’
and by a fine essay ¢ On Circulating Functions.’ Later he

B2
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studied with success a variety of optical problems, some of
them of exceeding difficulty.

Not until the year 1821, or after the practical close of
his father’s labours in astronomy, did the younger Herschel
commence that fine series of researches which constitute his
claim to eminence as an astronomical observer. In the
years 1821-3, in conjunction with Sir James South, he
studied a large number of double stars, and established the
fact that many such pairs are physically associated. This
fact is now so well known, and so thoroughly admitted, that
one reads with wonder of the doubts and objections urged
against the existence of physically associated pairs of suns.
But the evidence was too strong to be rebutted either by
argument or ridicule ; and the importance of the work thus
achieved by Herschel and South received early recognition
from the principal learned societies of Great Britain and
the Continent.

In 1825 Herschel began to prepare himself for the re-
searches which he proposed to carry out in surveying the
Southern heavens. His object was to obtain, in the first
place, ‘a sufficient mastery over his instrument’—an
excellent Newtonian reflector, 20 ft. long and 18} in.
in aperture. His preparation involved labours which
most men would have thought no unworthy occupation
for a lifetime. He examined no less than 2,300 nebule,
of which 525 were discovered by himself. He discovered
also, while thus engaged, between three and four thousand
double stars. Having thus spent eight years in preparing
himself, he left England in November 1833, and reaching
the Cape of Good Hope early in the year 1834, he set up
in the neighbourhood of Table Bay the instrument with
which he proposed to survey the Southern skies. His
labours here may be divided into three chief sections
(setting aside what may be described as miscellaneous
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observation) :—First, he extended to the Southern heavens
his father’s system of guaging, making and recording up-
wards of 2,000 different star-guagings. Secondly, he made
a catalogue of 1,700 Southern nebule. Thirdly, he cata-
logued more than 2,000 Southern double stars. For four
years and a quarter he remained at the Cape, returning to
England in 1838. Nine years passed, however, before the re-
sults of his labours were fully published in that most valuable
and masterly treatise entitled ¢Results of Observations
made during the years 183438 at the Cape of Good Hope ;
being the Completion of a Telescopic Survey of the Whole
Surface of the Visible Heavens, commenced in 1825.” This
work does not include, however, an account either of his
meteorological researches at the Cape or of his labours in
perfecting the system of national education in the Cape
colonies.

In 1836 the Astronomical Society gave Herschel their
Gold Medal. A year later he was made a baronet, an event
which many of his scientific admirers contemplated with
little satisfaction. More to the purpose was the proposal
made in 1839 that he should succeed the Duke of Sussex
in the Presidential Chair of the Royal Society. This pro-
posal, however, he declined.

Sir John Herschel’s subsequent labours were devoted
rather to scientific instruction than to original researches.
He had already written more than one work on science—a
¢ Treatise on Sound, another on the theory of light, his
¢ Preliminary Discourse on the Study of Natural Philosophy,’
and (in 1830) his ¢Treatise on Astronomy.” In 1849 he
published his well-known ¢ Outlines of Astronomy,” enlarged
from the last-named work. Of other works published
separately, we need only mention his excellent treatises on
meteorology and physical geography. But he wrote, also,
many articles in the ¢ Edinburgh Encyclopedia’ and the
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¢ Encyclop®dia Britannica,’ as also in the Edinburgh Review,
the Quarterly Review, and other serials. Some of his shorter
papers have been reprinted in a work entitled ¢ Familiar
Essays on Scientific Subjects.’

* As a theoriser in astronomy, Herschel was not equal to
his father. There is nothing in his works comparable with
the grand progression of his father’s ideas respecting the
structure of the universe. He had, indeed, no great power
of grasping facts, insomuch that we are over and over again
surprised by his recurrence to theories which he has himself
shown to be negatived by observed relations. The source of
his father’s success in mastering the secrets of the universe
lay in his power of retaining in his thoughts all known
facts bearing upon the subject he was dealing with. Hence
that steady progression from truth to truth, or rather from
the less complete to the fuller recognition of truth ; inso-
much that William Struve, speaking of the latest of Sir
William Herschel’s papers, said justly :—¢ Heureux mortel
que fut Herschel, de jouer, & I'dge de 80 ans, d’une péné-
tration de Dl'esprit et d’une clarté du jugement qui le firent
composer ses deux derniers mémoires, remplis d’une spé-
culation sublime et profonde!’ But if the great astronomer
who has lately departed from amongst us was inferior to his
father in this respect, so also have been all others; while
Sir John Herschel alone, of all who have succeeded the
elder Herschel, has been fairly comparable with him in all
respects save this.

As regards Sir John Herschel’s qualities as a populariser
of science, we venture to express an opinion somewhat at
variance with that commonly entertained (we believe) upon
the subject. That he was a successful populariser is un-
doubted, but the mode and reason of his success have been
we think, misunderstood. The literary merits of his writ~
ings are certainly not exceptionally great. His style is
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often ponderous, and not unfrequently far from clear. Nor
can it be said that he has successfully expounded the diffi-
culties dealt with in his treatises. The buyers of his ¢ Qut-
lines,’ have been, we believe, many times more numerous
than the readers of that work ; nor is this greatly to be
regretted when it is remembered how much there is in the
work which could be of no use to nine hundred and ninety-
nine out of every thousand students of astronomy.

Where, then, was the secret of Herschel’s success—for
successful be undoubtedly was—in attracting to the study of
astronomy hundreds who but for him would have cared little
for that science ? There can be no question, we believe, that
the answer must be sought in the considerations touched
upon in the beginning of this paper. His soul was so
thoroughly imbued with the sense of the sublimity of the
lessons taught by the celestial depths, that his descriptions,
despite all faults of style, are irresistibly impressive. Here
by a word, there by a happy turn of expression, now by
some strikingly poetical conception, anon by a grand array
of noble thoughts, he forces his readers to share his own
enthusiasm. There are some passages in his writings which
for grandeur and sublimity are surpassed by nothing that
has been written in the English language, save, perhaps,
some few portions of the ¢ Paradise Lost.’

English Mechanic for May 19, 1871.
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SIR JOHN HERSCHEL AS A THEORIST
IN ASTRONOMY.

It would be difficult to say in what department of astrono-
mical research Sir John Herschiel was most eminent. That
he was the greatest astronomer of his day, even those who
rivalled or surpassed him in special departments admit
without question. He was, indeed, facile princeps not
merely among the astronomers of his own country, but
among all his astronomical contemporaries. He held this
position chiefly by reason of the wide range of subjects over
which his mastery extended. He was unequalled, or rather
unapproached, in his general knowledge of the science of
astronomy. It need hardly be said that he was proficient in
the mathematical departments of the science. (Perhaps no
one of whom this cannot be said may be regarded as an
astronomer at all.) In his knowledge of the details of
observatory work he was surpassed by few, and his acquaint-
ance with the specialities of astronomical instruments was
such as might have been anticipated from the excellence of
his mathematical training. He was far the greatest astro-
nomical observer the world has known, with one single
exception—Sir W. Herschel. That in certain respects other
observers surpassed him may be admitted very readily. He
had not the eaglevision of Dawes or Goldschmidt, for instance ;
nor had he the aptitude for accurately measuring celestial
spaces, angles, and so on, which some of the German astro-
nomers have displayed of late years. But such minutice as
these may well be overlooked when we consider what Sir J.
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Herschel actually achieved as an observer. Thousands of
double stars detected, measured, and watched as they circled
round each other; upwards of two thousand nebule dis-
covered ; the southern heavens guaged with a twenty-feet
telescope—these, and like achievements, dwarf into insigni-
ficance all the observational work accomplished by any single
astronomer since Sir W. Herschel ceased his labours. In one
respect, and that noteworthy, Sir John Herschel even sur-
passed his father. Only one astronomer has yet lived who
had surveyed with a powerful telescope the whole sphere of
the heavens—that astronomer was the younger Herschel.
He went over the whole range of his father’s observations,
in order (to use his own words) that he might obtain a
mastery over his instrument: then in the southern hemi-
sphere he completed the survey of the heavens. He alone,
then, of all the astronomers the world has known, could
boast that no part of the celestial depths had escaped his
scrutiny. I need not dwell on Sir John Herschel’s success
in expounding the truths of astronomy. We owe to him,
beyond all question, the wide interest at present felt for the
science, as well as the special fervour with which the younger
astronomers of our day discuss its truths. And, lastly (pass-
ing over many departments of astronomical study), Sir John
Herschel’s position as a theorist in astronomy is unquestion-
ably a most eminent one. My present purpose is to discuss
his work in this direction; to endeavour to exhibit the
special merits of his mode of theorizing ; and, if it should
happen that in my judgment certain features of Herschel’s
work in this direction should seem less excellent than the
rest, to exhibit the ground on which such judgment is based
—truthfully, as is right, but also with fit consideration of
the respect (perhaps I should rather say the reverence)
due to the memory of the greatest and the most amiable
philosopher of our times.
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In the first place, let the position of scientific theorizing
be rightly apprehended. We hear much of theory and
practice, or, in the case of such a science as astronomy, of
theory and observation, as if the two were in some sense
opposed to each other. Nay, unfortunately, it is not un-
common to hear some observers speak of the astronomical
theorist as if he held a position quite apart from theirs.
Theorists do not, on the other hand, adopt a corresponding
tone in speaking of observers. And this for a very simple
reason—the theorist must needs value the labours of the
observer, because it is on such labours that he must base his
theories. But observers—at least such observers as do not
themselves care to theorize—are apt to contemn the theorist,
to suppose that the hypotheses he deals with have been
evolved from the .depths of his moral consciousness, instead
of being based on those very observations which they mis-
takenly imagine that the theorist undervalues. The fact,
indeed, is really this—that the theorist alone values obser-
vation as fully as it deserves. The observer is too apt to
value observations for their own sake; the theorist sees in
them a value beyond that which they possess in themselves
—a value depending on their relation to other observations,
as well as a value depending on the application of suitable
processes of manipulation, or, as it were, of manufacture.
It is not going too far, indeed, to say that observations as
originally made are as raw material—highly valuable it may
well be (and the manufacturer will be better aware of this
than the producer of the raw material), but owing their
value to their capacity for being wrought into such and such
fabrics. It would be as reasonable for the miner to despise
the smith and the engineer, as for the observer in science
to contemn him who interprets observations and educes their
true value.

Let me quote here a passage from those too little studied
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essays, the papers contributed by Sir W. Herschel to the
¢ Transactions of the Royal Society.” The passage is interest-
ing as belonging to the opening of that noble essay in which
he first presented to the world his ideas respecting the con-
stitution of the celestial depths. ¢ First let me mention,’ he
says, ¢that if we would hope to make any progress in inves-
tigations of a delicate nature, we ought to avoid two opposite
extremes, of which I can.hardly say which is the most
dangerous. If we indulge a fanciful imagination and build
worlds of our own, we must not wonder at our going
wide from the path of truth and nature; but these will
vanish like the Cartesian vortices, that soon gave way
when better theories were offered. On the other hand, if
we add observation to observation, without attempting to
draw not only certain conclusions but also conjectural views
from them, we offend against the very end for which only
observations ought to be made.” ¢I will endeavour,” he adds,
speaking of the special work he was then engaged upon, ¢to
keep a proper medium ; but if I should deviate from that,
I could wish not to fall into the latter error.’

The power of forming sound theories depends on many
mental qualities and habitudes—some positive, some nega-
tive. I propose to comsider the chief of these, in about the
order in which they are called into exercise in the gradual
progression whereby a theory advances to its final stage,
—illustrating each by the work of the great astronomer
whose position as a theorist is my present theme.

Sir John Herschel has himself described in clear and
powerful language the quality which is primarily requisite
in the theorist. ¢As a first preparation he must loosen
his hold on all crude and hastily-adopted notions, and must
strengthen himself by something like an effort and a resolve
for the unprejudiced admission of any conclusion which
shall appear to be supported by careful observation and
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logical argument, even should it prove of a nature adverse
to notions he may have previously formed for himself, or
taken up, without examination, on the credit of others.
Such an effort is, in fact, a commencement of that intellec-
tual discipline which forms one of the most important ends
of all science. It is the first movement of approach towards
that state of mental purity which alone can fit us for a full
and steady perception of moral beauty as well as physical
adaptation. It is the ¢ euphrasy and rue” with which we
must “purge our sight” before we can receive and con-
template as they are the lineaments of truth and nature.’

These just principles have been perhaps as clearly laid
down by other men of science; but it may be questioned
whether any has ever more thoroughly obeyed them than
Sir John Herschel. The enforced mental purity with which
he approached a subject on which he proposed to theorise
was indeed so remarkable that to many it was scarce even
intelligible. His determination to remove from his own
mind all the effects of preconceived.opinions, whether
adopted independently or received at the hands of others,
was mistaken by some for an undue humility of mind. Nay,
one biographer went so far as to ascribe to a spirit of flattery
(and that spirit the offspring of vanity! *) that characteristic
which, rightly understood, marked Sir John Herschel’s mind
as subservient to truth alone.

* The obituary notice in which this remark appeared was obviously written
by an able man, and one who held in very high respect the abilities of Sir
John Herschel ; and notwithstanding the feeling of pain with which I conceive
every admirer of Sir John Herschel must have read the passage, I imagine that
no one was disposed to question the writer's honesty of purpose. Professor
Tyndall, in a feelingly-written letter, challenged the writer of the passage to
make known his name and to defend his opinion. From internal evidence in
the obituary notice itself, I am disposed to believe that, apart from the reasons
assigned by the editor for the non-acceptance of this challenge, there was one
very excellent reason why the writer could not respond to a challenge which
would have been to him as the trumpet to the war-horse not very long ago.
Unless I am deceived, the author of the biography did not live to see it in print,
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The completest proof which a man of science can give of
this ¢ mental purity’ is afforded by a readiness to submit to
some crucial test a theory which he has strong reasons
for desiring to see established. I draw a distinction here
between testing a theory and the search for evidence respect-
ing a theory. One who is not free from prejudice may yet
none the less eagerly search for evidence respecting the

It would be idle to defend Sir John Herschel from the charge of vanity—a
charge which could only have had birth in a total misapprehension of the sin-
gular sweetness of disposition which endeared the great astronomer not only
to all who knew him personally, but to many (the present writer among the
number) who, without being personally acquainted with him, received from
him written words of encouragement and kindness. Yet it may be permitted
me to point out (earnestly disclaiming, the whilst, all notion that the argu-
ment is needed in Sir John Herschel's defence) the utter fallacy of the reason-
ing by which the charge of vanity was supported. It-is unquestionably true
that flattery is always the offspring of vanity or .f a worse failing ; and if com-
pliments addressed to others on the score of their views or theories be admitted
to be untrue, the charge of flattery is established, and with it the charge of
vanity of disposition. But when such compliments relate to opinions opposed
to those held by the person who pays them (and it was the very basis and
main support of the attack on Sir John Herschel that this was the case), the
argument against vanity is at once seen to be altogether stronger than the
argument in its favour founded on the suspicion of flattery. For a vain man
may well be supposed to flatter others in matters not affecting his own vanity,
in order that he in turn may be flattered in thcse matters respecting which he
is vain. But the spirit of detraction itself could not force any man to believe
that a vain person would, for the sake of praise, overpraise another to his own
dispraise.. A systematic readiness to give to others their due, even though at
his own cost, must surely be explained as arising from a genuine desire to do
justice. Such a desire may be, unfortunately, far less common than could be
wished ; but the unusual nature of a form of excellence is no valid reason for
preferring some utterly incongruous evil motive in explanation of conduct
obviously suggesting such exceptional excellence of disposition.

No one who had occasion to seek the opinion or advice of Sir John Herschel
could fail to be struck by his exceeding courtesy, and by the readiness with which
he admitted or noted errors into which he might have fallen (as all men will).
And yet I think that those who possess letters written by him, and will carefully
examine them, will find, for each error admitted by him, at least two pointed out
in their own views. Indeed, any one who objected to be set right when in error
might well be disposed to regard Sir John Herschel as a merciless correspondent,
notwithstanding the calm courtesy of his remarks. He set truth in the first
place; and by comparison with her, neither his own opinions nor those of others
were permitted to have any weight whatever.
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theories he desires to advocate. But to test a theory
crucially, to enter on .a series of researches which must
needs reveal the weak points of a theory, this is what only
the true man of science is capable of. ¢ This,’ as Professor
Tyndall well remarks, ¢ is the normal action of the scientific
mind. If it were otherwise—if scientific men were not
accustomed to demand verification—if they were satisfied
with the imperfect while the perfect is attainable, their
science, instead of being, as it is, a fortress of adamant,
would be a house of clay, ill fitted to bear the buffetings of
the storms to which it has been from time to time, and is
at present, exposed.’

Now, when Sir John Herschel commenced his labours as
an astronomer, there were two theories before the world,
respecting which it may fairly be asserted that had he
regarded them with a feeling amounting to strong prejudice
in their favour, he might have claimed forgiveness. They
were of unequal importance, but each was full of interest.

The first related to those double stars which now form so
favourite a subject of study with the amateur astronomer.
His father, commencing the investigation of these objects
under the impression that the two stars which seemed to
form each pair were but accidentally seen nearly in the same
direction, had been led after long labours to the conclusion
that the double stars are for the most part real star-couples,
physically associated by the mighty bond of their common
attraction. A strange theory in those days, though now so
commonly admitted—a theory not yet established by the
evidence which had been adduced in its favour at the time
when Sir John Herschel’s career as an obgerver commenced.
The theory admitted of a ready test at that time, however ;
for Sir William Herschel had recorded more than thirty
years before the aspect of many hundreds of these objects,
and it required only that all the double stars thus pictured
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by the elder Herschel should be submitted to a new and
searching scrutiny, in order to set at rest at once and for
ever the question whether they were physically associated.
If they were, some among them must needs be circling
round each other at a rate rendering their motions recognis-
able. It needed only that these should be selected from the
rest by a comparison with Sir William Herschel’s researches,
and then watched as they moved around their common
centre, in order to prove that double-sun systems, wonderful
as the idea might seem, have yet a real existence. On the
other hand, the test was a crucial one. If no such signs of
motion as the elder Herschel had suspected were found in
reality to exist, it would be proved that that great astro-
nomer had been mistaken in the theory itself, which had
seemed so full of interest.

The younger Herschel, entering into alliance with James
South, submitted his father’s theory respecting the double
stars to this most thorough test—with a result which is
known to all students of astronomy. Plain proof was ob-
tained that many double stars are physically associated, and
thus the strange theory of coupled suns was placed on a firm
basis.

The second theory above referred to was far more im-
portant. Sir William Herschel’s long survey of the northern
skies had led him to form and to enunciate those grand
views respecting the constitution of the heavens with which
his name will for ever remain associated. I do not propose
here to discuss the principles of research adopted by Sir
William Herschel, either in his star-guaging or in the survey
of the celestial cloudlets which astronomers call nebulz.
Nor shall I here inquire into the reasoning by which he was
led to those noble generalisations which constituted his
theory respecting the construction of the universe. What I
principally desire to do in this place is to show with what
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readiness Sir John Herschel subjected theories which he
undoubtedly held in the highest respect to the most severe
test to which they could by any possibility be exposed.

Of the reverence with which the younger Herschel regarded
the noble labours and the grand conceptions of his father it
is perhaps needless to speak. He has, indeed, been blamed,
by those who misunderstood his disposition, for carrying that
reverence to excess, insomuch that one writer has not
scrupled to speak of the manner in which Sir John Herschel
regarded the instruments his father had employed as ap-
proaching in its nature to idolatry.* Altogether denying
the justice of such views as these, we must yet recognise

* In the biographical notice to which I have referred above, the statement is
made that Sir John Herschel had ¢ so specially sanctified his idol ’ (his father's
forty-feet reflector) ‘that he could not cheerfully bear to hear it lightly spoken
of ;’ and elsewhere in the same notice, that in speaking of this instrument he
‘ altogether left an impression that a little less sensibility and a little more sense
would have saved a good deal of mortification.’ ¢ These be very bitter words ;’
and if it chanced that they were true, we might yet regard their utterance as
in exccedingly bad taste—first, because they are personal, und secondly, because
they bear no relation to those parts of Sir John Herschel's life which may be
regarded as of public interest. But I venture to express the conviction that
those who will carefully study Sir John Herschel’s remarks respecting his father's
largest telescope will not adopt his biographer's interpretation of those remarks.
I bave further the means of showing that Sir John Herschel’s views respecting
this instrument were not such as have been here ascribed to him. I may be
permitted to quote from a letter addressed to myself upon the subject, partly
because of Sir John Herschel's repeatedly-expressed willingness to permit
remarks in his letters to be quoted, and partly because the publication of his
own words in this special instance may serve to remove a false and unjust im-
pression respecting his disposition. As it chances that the opinion exprossed
in the passage I am about to quote is directly opposed to one I had myself
publicly expressed, I find a further reason for desiring to make the passage
known. I had asked him whether he thought (as I mentioned that I had) that
his father had really discovered four additional satellites of the planet Uranus.
¢ As to these four satellites,’ ran his reply (which lies before me as I write), ‘1
incline to the opinion that my father must have too readily persuaded himself
that the minute points of light which from time to time ke undoubtedly saw,
were all really satellites. The testimony of Lord Rosse’s and Mr. Lassell's
reflectors—which are composed of metal much more reflective than even that
of the eighteen-inch, and very much more than that of the four-feet reflector of
my father—I think must be held conclusive.' (The italics are his.)
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the fact that if any theories could have so far found favour
in Herschel’s sight as to cause him to forget the rules which
he had laid down for his own guidance, and to seek rather for
evidence confirming those theories than for experiments by
which their value might be tested, it would have been to
his father’s theories respecting the constitution of the uni-
verse that he would have been disposed to extend this
indulgence.

Yet the noblest series of observations made by the younger
Herschel was so devised as to afford a crucial test of the
accuracy of his father’s views respecting the constitution of
the heavens. The elder Herschel had shown that certain
relations prevail among the celestial objects visible at his
northern observatory, and it was on the existence of those
relations that his theories were founded. It is clear, how-
ever, that the mere accident that the observation of the
celestial sphere had been first prosecuted in northern lati-
tudes ought not to affect the views which men should form
respecting the heavens. The terms North and South have
relation to this little earth on which we live, not (properly
speaking) to the celestial sphere, though they have become
in a sense associated with that sphere. We speak of the’
North Pole of the heavens and of the South Pole of the
heavens, and again of the revolution of the celestial sphere,
because the rotation of our own earth seems to give a reality
to these conceptions. But in judging of the constitution of
the heavens we are bound to lay aside this usage, or at least
to remember that it bears'no real relation to the system of
stars. We are placed in the midst of this vast system as a
traveller in the midst of some vast forest,and the configura-
tion of the system is no more associated in reality with the
position in which our earth’s axis chances to be situated,
than the shape of a forest is associated with the direction in
which the trayeller pleases to pursue his course.

c
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Sir William Herschel, then, had studied the northern
heavens much as a traveller might study the aspect of those
parts of a forest towards which his course was leading him.
The southern heavens, or those parts of them which are
never seen in our latitudes, were quite as well able to supply
information respecting the constitution of the sidereal system
as those which Sir William Herschel had surveyed. And it
is clear that if the elder Herschel had rightly interpreted
the northern skies, the southern skies should teach precisely
the same lesson : whereas, if in his speculations concerning
the northern heaveus he had mistaken accidental peculiari-
ties for essential features of the celestial spaces themselves,
‘then the study of the southern heavens could scarcely fail
to reveal hie mistake and (probably) to explain its source.

To this arduous task—a task which, even if its results
were favourable, would add little to the admiration with
which his father’s work was contemplated by all who under-
stood its purport ; while, if unfavourable, it would serve to
negative all his father’s hypotheses — Sir John Herschel
devoted twenty-one years of his life. Eight years he
passed in preparation, that preparation consisting in the
complete re-survey of the northern skies ; four years at the
Cape of Good Hope, in the survey of the southern heavens ;
and lastly nine years in reducing his observations to form
and presenting them in his own effective manner, in one of
the most masterly scientific treatises the world has yet seen.
In the presence of such noble labours, conducted in a spirit
so philosophic, the fact that the theories of the elder
Herschel were in all their more important features most
amply confirmed, seems to sink almost into insignificance.
We feel that, loving as was the reverence with which Sir
John Herschel contemplated his father’s work, he had set
scientific truth far above that reverence. He had entered
cheerfully on labours which might have resulted in shaking
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men’s faith in his father’s opinions; and no question can
exist that, had this been the result, it would have been as
fully exhibited to the world as that which actually rewarded
Sir John Herschel’s researches.

The next quality which is called into action in the forma-
tion of theories is the power of seeing the full meaning of
observed facts—of seeing beneath the surface, so to speak—
since observed facts often, on the face of them, show little
which tends to enlighten the inquirer. In order to explain
my meaning, I will take two instances from the history of
observations made upon the planet Saturn. When Galileo
first turned his telescope upon this planet he imagined that
he could see on either side of a central disc two other discs,
each nearly half as large as the central one. He watched the
planet on several nights, seeing always this appearance.
But when at a later season he viewed the planet, the two
side discs had vanished. They reappeared again after a
time ; and, as he continued to watch the planet, he saw
them change somewhat in size and shape, but they always
remainéd at an unchanged distance from the central disc.
Now it can be demonstrated that, by means of abstract
reasoning alone, quite independently of that increase of
optical power which subsequently enabled Huyghens to
interpret these appearances, Galileo might bave convinced
himself that Saturn is girdled about by a flat ring inclined
to the path in which the planet travels. Here was an
instance, then, ‘where an observed fact implied in reality
much more than it seemed to do at first sight. The other
instance is of like nature. The observer Bond (the elder),
of America, noticed on the brightest of the rings of Saturn
two shaded regions, symmetrically placed, close by the inner
boundary of this ring, and at the two ends of the oval into
which this inner outline is foreshortened. (See Plate L.\
The observation in itself seems to be rather perplexing than

c2
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instructive ; but it is the perplexing observations which, in
the long-run, best repay careful study, for they can usually
be only explained in one way. I have been able to show
that this particular observation (if admitted) proves beyond
all possibility of question that where these shaded regions
appear we see, through the ring, the dark sky beyond.*

I know of no more remarkable instance of Sir John Her-
schel’s readiness and skill in interpreting observed facts than
the way in which he dealt with the features he had recognised
in the Magellanic Clouds. He was the first to survey those
strange celestial regions with a powerful telescope. He
mapped down and pictured multitudes of star-cloudlets, scat-
tered among the myriads of minute stars which produce the
milky light of the Magellanic Clouds. At this point others
might have ceased their labours. There was an array of
interesting objects within a certain region of the heavens
—what more could be said? But Sir John Herschel was not
thus satisfied. He reasoned from the shape of the Magellanic
Clouds to the distances of the star-cloudlets within them,
-and thence to the scale on which these star-cloudlets are
formed. - He was able to deduce in this way perhaps the
‘most important conclusion to which astronomers have ever
been led by abstract reasonings—a conclusion interpreted
by Whewell, Herbert Spencer, and in my own inquiries into
‘the star-depths, to mean nothing short of this: that, so far
a8 the only available evidence we have is concerned, all
orders of star-cloudlets belong to our own star system, and
not to external galaxies.

For another instance of Sir John Herschel’s power in this

* «Saturn and its System,’ pp. 118-121. The reasoning in these pages is
not hypothetical, but demonstrative; though of course the demonstration fails if
the observed relation should be shown to have no real existence. There are
other reasons for believing that we can see through the Saturnian rings, and that
these are formed of disconnected satellites; but the evidence given by these
shaded regions is singularly simple and effective.
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respect, I would refer the reader to his discussion of the
phenomena presented by Halley’s comet during its approach
towards and recession from the sun in the years 1835-1836.
A brief résumé of this discussion will be found in the
charming volume entitled ¢Familiar Essays on Scientific
Subjects;’ but the student of astronomy should also read
the original paper in the ¢ Results of Astronomical Observa-
tions made at the Cape of Good Hope. Here I shall
merely quote the conclusion of the reasoning, as summarised
in the ¢ Familiar Essays,’ in order to show how much which
was certainly not directly contained in the observations was
deduced in this instance by abstract reasoning. It was
¢made clear’ that the tail of this comet ¢ was neither more,
nor less than an accumulation of luminous vapour, darted
off, in the first instance, towards the sun, as if it were some-
thing raised up, and as it were exploded, by the sun’s heat,
out of the kernel, and then immediately and forcibly
turned back and repelled from the sun.

Another faculty which the theorist should possess in g
high degree is a certain liveliness of imagination, whereby
analogies may be traced between the relations of the
subject on which he is theorising and those of* objects not
obviously associated with that subject. This faculty Sir
John Herschel possessed in a very high degree—almost as
strikingly as his father, who in this respect probably
surpassed all other astronomers, unless we place Kepler and
Newton on the same level. It is obvious that the faculty is
of extreme importance, though it is one which requires a
judicious control, since if it be too readily indulged it may
at times lead us astray.

One of the finest illustrations of Sir John Herschel’s
aptitude in tracing such analogies is to be found in his,
reasoning respecting the zones in which the solar spots
ordinarily make their appearance. I give this reasoning as
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it was originally presented in the fine work to which I have
already so often referred, the ¢ Results of Observations made
at the Cape of Good Hope.” ¢Whatever be the physical
cause of the spots,’ says Herschel, ¢ one thing is certain, that
they have an intimate connection with the rotation of the
sun upon its axis. The absence of spots in the polar regions
of the sun, and their confinement to two zones extending to
about latitude 35 degrees on either side, with an equatorial
zone much more rarely visited by spots, is a fact which at
once refers their cause to fluid circulations, modified, if not
produced, by that rotation, by reasoning of the very same
kind whereby we connect our own system of trade and anti-
trade winds with the earth’s rotation. Having given any
exciting cause for the circulation of atmospheric fluids from
the poles to the equator and back again, or wvice versd, the
effect of rotation will necessarily be to modify those currents
as our trade winds and monsoons are modified, and to dis-
pose all those * meteorological phenomena on a great scale,
which accompany them as their visible manifestations, in
zones parallel to the equator, with a calm equatorial zone
interposed.”  Herschel then proceeds to inquire ¢what
cause of circulation can be found in the economy of the
sun, so far as we know and can understand it.’” With this
inquiry, however, we are not at present concerned, save only
to note how the aptitude of the theorist in the recognition
of analogies leads him to inquiries which otherwise he
would not have entered upon.

- Sir John Herschel, indeed, entertained a singularly strong
belief in the existence of analogies throughout the whole
range of created matter. As an evidence of this I venture
to quote a passage from a letter of great interest, which I
received from him in August 1869. It relates to the

® In the text the word is Zkeir. I think the word must have been written
those.
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constitution of the heavens, referring especially to a remark
of mine to the effect that all forms of star-clouds and star-
clusters seem to be included within the limits of our own
sidereal system. ¢An opinion,’ he wrote, ¢ which the struc-
ture of the Magellanic Clouds has often suggested to me,
has been strongly recalled by what you say of the inclusion
of every variety of nebulous or clustering form within the
galaxy—viz., that if such be the case, that is, if these
forms belong to and form part and parcel of the galactic
system, then that system includes within itself miniatures
of itself on an almost infinitely reduced scale; and what
evidence then have we that there exists a universe beyond ?
—unless a sort of argument from analogy that the galaxy,
with all its contents, may be but one of these miniatures of
that vast universe, and so on ad mfinitum; and that in
that universe there may exist multitudes of other systems
on a scale as vast as our galaxy, the analogues of those
other nebulous and clustering forms which are not minia-
tures of our galaxy.’

This, perhaps, is the grandest picture of the universe that
has ever been conceived by man.

Next in order comes that faculty by which the chain of
causes and effects (or of what we call such) is traced out,
until the true correlation of all the facts dealt with by the
theorist is clearly recognised. Adequately to illustrate the
action of this faculty, however, would obviously require
more space than is available in such a paper as the present.
I shall mention but one instance of Sir John Herschel’s
skill in this respect, selecting for the purpose a passage (in
the first edition—1833—of his treatise on astronomy), the
opinions expressed in which have been erroneously supposed
to have been in the first instance enunciated by the cele-
brated engineer, George Stephenson. Tracing out the con-
nection between the action of the central luminary of our
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system and terrestrial phenomena, Sir John Herschel re-
marks that ¢ the sun’s rays are the ultimate source of almost
every motion which takes place on the surface of the earth.
By its heat are produced all winds, and those disturbances
in the electric equilibrium of the atmosphere which give
rise to the phenomena of lightning, and probably also to
those of terrestrial magnetism and the aurora. By their
vivifying action vegetables are enabled to draw support from
inorganic matter, and become in their turn the support of
animals and of man, and the sources of those great deposits
of dynamical efficiency which are laid up for human use in
our coal strata. By them the waters of the sea are made to
circulate in vapour through the air, and irrigate the land,
producing springs and rivers. By them are produced all
disturbances of the chemical equilibrium of the elements of
nature, which by a series of compositions and decomposi-
tions give rise to new products and originate a transfer of
materials. Even the slow degradation of the solid con-
stituents of the surface, in which its chief geological changes
consist, is almost entirely due, on the one hand, to the
abrasion of wind and rain and the alternation of heat and
frost, and, on the other, to the continual beating of the
sea-waves, agitated by winds, the results of solar radiation.’
He goes on to show how even ¢the power of subterranean
fires,’ repressed or relieved by causes depending on the sun’s
action, ¢ may break forth in points where the resistance is
barely adequate to their retention, and thus bring the
phenomena of even volcanic activity under the general law
of solar influence.’

As respects Sir John Herschel’s skill in devising methods
for throwing new light on questions of interest, it is only
necessary to remark that we owe to him the first experi-
mental determination of the quantity of heat received from
the sun, as well as a solution of difficulties which seemed to
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Sir William Herschel almost insuperable in the problem of
estimating the relative brightness of the lucid stars. I may
add also that he was among the first, if not actually the first,
to suggest that the prismatic analysis of solar light might
¢lead us to a clearer insight into its origin.’

Nor is it necessary to dwell specially on that most notable
quality of Sir John Herschel’s character as a theorizer—the
light grasp with which he held those theories which he had
himself propounded. This characteristic is so intimately
associated with the mental purity the necessity for which Sir
John Herschel kept so constantly in his mind (as I have
shown above) that, having exhibited instances of the last-
named quality, it is hardly necessary to point to cases by
which the other has been illustrated. Suffice it to say that
no theorist of modern times has surpassed Herschel, and few
have equalled him, in that complete mastery of self whereby
it becomes possible for the student of science not merely to
admit that he has enunciated erroneous opinions, but to
take in hand the theories of others, and to work as patiently
and skilfully in placing such theories on a firm basis as
though they had been advocated in the first instance by him-
self. I know no more perfect proof of strength than this light-
ness of ‘hold, especially in the case of theories which may for
many years have been among the favourite views of the
theorizer. To those who have never theorized, it may seem
the easiest thing in the world to abandon a long-favoured
. theory. How difficult it really is, however, is shown by the
persistence with which even eminent students of seience
have struggled to maintain their theories long after the most
convincing evidence has been obtained against them. Un-
fortunately for science, the lightness of grasp with which
the Herschels, father and son, held their most favoured
theories is even more uncommon than the observing skill,
the untiring patience, and the ingenuity of device with
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which they sought for evidence to establish the truths of
astronomy.

One quality alone Sir John Herschel seems to me (I ven-
ture the opinion with extreme diffidence) to have possessed
in a less eminent degree than those other qualities which
are necessary for successful theorizing. Lightness of grasp
for theories needs to be accompanied by a most rigid grasp
of facts. I conceive that in some instances Sir John Herschel
held facts almost as lightly as he held theories. Let me not
be misunderstood. I would by no means desire to imply
that Sir John Herschel in any instance wittingly overlooked
known facts. To suppose, indeed, that this was my meaning
would be to suppose that at the close of this paper I desired
to present Sir John Herschel to the reader in quite a dif-
ferent light than in the earlier paragraphs. I would merely
note that in some instances Sir John Herschel seemed to
forget that certain facts had already been established—even
sometimes that he had himself established such and such
facts. It is, of course, always possible that where I thus
suppose him to have been forgetful of facts which he had
either already admitted or established, I have in reality
misunderstood either his opinion of the facts or those state-
ments of his which seem to me at variance with such facts.
And yet—to take an instance which is more particularly in
my thoughts at this moment—I have not been alone in
interpreting Sir John Herschel’'s own remarks about the
Magellanic Clouds to imply that, in the only instance in
which any determination of the distances of the several
orders of nebuls has been possible, nebula of all orders have
been found to lie far within the limits of distance to which
our own star system extends. As I bave already mentioned,
Dr. Whewell and Mr. Herbert Spencer took precisely the same
view of Sir John Herschel’'s reasoning that I have taken;
and, indeed, for my own part, I can conceive no other inter-
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pretation, either of his reasoning, or of the facts on which
his reasoning was based. Yet I think that I am not mis-
taken in believing that much which has since been written
by Sir John Herschel about the nebula is wholly at variance
with the ¢demonstrated fact’ of the remarkable sentence
in which he summed up his reasoning about the Nubecule.
This, at any rate, is certain, that the views which Dr. Whe-
well, Mr. Herbert Spencer, and I myself have expressed about
the nebule (views identical so far as they overlap) have been
commonly regarded as differing from the opinions enter-
tained by Sir John Herschel respecting nebule long after he
had enunciated the ¢ demonstrated fact’ referred to above.*

Other instances might be cited, which seem almost as
decisive of the fact, that in this special respect Sir John
Herschel was not equal to his father, the solidity of whose
reasoning was never in a single instance marred by a for-
gotten fact. It may, indeed, be regarded as in no sense
wonderful if one whose labours extended over so enormous—
one may even say, without forgetting his father’s work, so
unparalleled—-a range as Sir John Herschel’s, forgot some-
times those facts which he had already admitted on the
evidence obtained by others, or even those which he had
himself established.t

But even if this blemish have a real existence, it is but as
a spot upon the sun. It bears no further than tAis upon our
opinion of Sir John Herschel’s position as a theorist in astro-

* That Sir John Herschel never withdrew the opinion that that fact is demon-
strated by the evidence, I happen to know quite certainly; because, commenting
on a remark in my ‘ Other Worlds,” which seemed to imply that he had changed
his mind, he noted in a letter to myself that he still retained the opinion
expressed in the passage referred to.

t That this did, at any rate, sometimes happen, cannot be denied even by
Sir John Herschel’s warmest admirers, since in the preface to his ‘ Outlines of
Astronomy,’ we find him noting that theories which he had spoken of as ‘certain
curious views of M.Jean Reynaud’ had been ‘reasoned out’ by himself ‘ to

ideqtical conclusions’ many years before, a fact which had ‘ completely escaped
his recollection when perusing the works of M. Reynaud.’
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nomy : that whereas but for this occasional forgetfulness he
might have ranked higher than Sir William Herschel him-
self, we must now concede that the younger Herschel was
second to the elder, but to the elder Herschel alone. A
remarkable era in astronomy, observational and theoretical,
has come to a close with the death of Sir John Herschel—an
era lasting nearly a full century, during which two astro-
nomers, father and son, have stood forth more prominently
than any save the very greatest in astronomical history.
With all our faith in the progress of the human race (and
my-own faith in that progress is very strong), we can yet
scarcely hope that for many generations astronomy will
look upon their like again.
The 8t. Paul's Magarine for June 1871.
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THE STUDY OF ASTRONOMY.

Tae death of the great astronomer to whom more than to
any other we owe the interest with which astronomy is
studied in our time, invites us to some refleestions on the
value of such study, and on the special purposes which it is
best fitted to subserve. I wish particularly to note that I
am not here about to examine the utilitarian aspect of the
science. No one is likely to dispute the assertion that in
our highly utilitarian age the practical application of
astronomy subserves highly important purposes. The whole
system of commerce, for example, depends on the accuracy
with which the astronomers of Greenwich and other national
observatories note the apparent motions of the stars. The
survey of land districts cannot be efficiently carried out
without astronomical observations and a careful considera-
tion of astronomical principles. And besides a number of
other instances in which astronomy is directly applied to
practically useful purposes, it is only necessary to consider
how many and what important interests depend on the
commercial relations between different countries, and on the
careful survey of the earth’s surface, to see that astronomy
holds almost as high a position among the useful sciences
as among those which relate chiefly to the extension of our
knowledge. But, as I have said, it is not of the utilitarian
aspect of astronomy that I wish to speak. I purpose to
consider the study of astronomy as a means of mental train-
ing,—whether as affording subjects of profitable contempla-
tion ; or as offering problems the inquiry into which cannot
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fail to discipline the mind; or, lastly, as suggesting the
actual application of methods of observation by which at
once the patience and ingenuity of the observer may be
exercised, his knowledge extended, and his mind supplied
with fresh subjects for study.

For whatever those may think who have not familiarised
themselves with the teachings of astronomy, there can be no
question that the highest place is given by astronomers
themselves to those rather who have advanced our know-
ledge of astronomical facts—whether by careful observation
or by judicious theorising—than to those who have applied
astronomy most successfully to practical purposes. If we
take the names which are most highly honoured by astro-
nomers, and consider why they are honoured, we shall see
that this is so. I suppose that practical astronomy, as it is
now known to us, would have had no existence but for the
tesearches of Copernicus, Kepler, and Newton. It is true
that the same amount of labour devoted to the simple
observation of the celestial movements might very well have
resulted in making astronomers quite as confident both in
prediction and retrospection as they actually are. But it is
altogether unlikely that the same amount of labour would
actually have been directed to astronomical inquiries but
for the confidence engendered by the work of Copernicus,
Kepler, and Newton. So that in one sense we may say that
these great men have done more to advance practical astro-
nomy than any others, and that the high honour in which
their names are held by astronomers would be justified by
this circumstance alone. Yet, if we rightly consider the
labours of Copernicus, Kepler, and Newton, we shall find
that they were by no means primarily directed to practical
astronomy. Their effect in advancing the study of practical
astronomy may be regarded as, in a sense, accidental; or
rather this result affords an illustration of the fact that, in
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scientific research, we need not keep continually before our
minds the question ¢Cut bono?’ since a good which the
student of science himself may not perceive will commonly
result from even the least promising researches. We know
that Copernicus only sought to explain observed appear-
ances by a simpler theory than that which was in vogue in
his day. To Kepler, perhaps, the idea may have suggested
itself that the laws he sought for so éarnestly, in order to
explain the movements of Mars as traced by the best
observational methods yet applied, might result in giving
to astronomers a new power of predicting the motions of
Mars and the other planets. But certainly the object which
Kepler set himself was to replace the disorder of the Ptole-
maic system and the but partial symmetry of the system of
Copernicus, by a harmonious series of -relations. When he
had succeeded, his boast was, not that he had shown astro-
nomers how henceforth they might confidently predict the
motions of the celestial bodies, but that he had ¢found the
golden vases of the Egyptians.” Nor is it possible to read
Newton’s own account of those researches by which the law
of gravitation was established without feeling that, to him-
self at least, the practical application of the law in after-
times was of secondary import. It was the law itself,
regarded as a discovery respecting the manner in which the
bodies distributed throughout space influence and are in-
fluenced by each other, which he valued.

If we turn our thoughts to the astronomy of the past
century, we recognise the same fact. It would be difficult
to find in the whole of that noble series of papers which
Sir William Herschel contributed to the pages of the ¢ Philo-
sophical Transactions’ a single paragraph directed to the
application of astronomical discoveries to practical pur-
poses. And whether we consider those discoveries which are
commonly but erroneously supposed to constitute Herschel’s
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chief title to honour, or those which astronomers regard as
his most valuable contributions to science, we find in either
case that we have to deal with discoveries which have,
primarily, no practical value whatever. For example, the
discovery of Uranus, which so many suppose to have been
Herschel’s noblest work, was undoubtedly full of interest, but
it certainly was not a practically useful discovery. And,
again, to turn to that which was in reality the noblest work
achieved by Herschel —his researches into depths lying far
beyond the range of the unaided vision—in what sense can
the counting of myriads of stars or the discovery of thousands
of nebule be regarded as advancing in the slightest degree
the material interests of mankind? Even if it hereafter
happened that the discovery of Uranus or the processes of
star-guaging should indirectly lead to some practical results
of value, it would still remain certain that Sir William
Herschel had had no such results in his thoughts when he
prosecuted his researches.

In our own time Sir John Herschel has been justly held
by all to be the leading astronomer of his day; yet it would
be difficult to find in a single astronomical research of his
the least practical value; while certainly in that long
series of observations on which astronomers base their high
opinion of him, there was no practical value whatever. Sir
John Herschel had already devoted eight years of his life to
the re-examination of his father’s work, with the chief end of
acquiring a mastery over his telescope, when at the Cape of
Good Hope he began a series of observations which formed
the exact counterpart -of his father’s observations in the
northern skies. Star-guaging, the noting of double stars,
the search for nebulee—all these lines of research must
needs advance the science of astronomy, but not one of them
has any practical utility.

Nor, even if we take the well-merited fame of depart-
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mental astronomers—if we may so distinguish the workers
in special branches from men who, like the Herschels, have
made all astronomy their subject—can we recognise the
title to such fame in practically useful work. When Adams
and Leverrier by subtle processes of research showed astro-
nomers where to turn their teléscopes to detect the planet
whose influence had disturbed the motions of Uranus, they
were not in any way advancing the material interests of the
human race. It may happen, indeed, that some of the
mathematical processes devised or developed by these great
men may one day be applied in some practical manner; but
no one will, on this account, assign such practical results as
the real title of Adams or Leverrier to astronomical fame.
Even the practically useful work of an Airy or a Hind is
not that which is regarded among their fellow-astronomers
as affording their chief claim to honour.

In considering astronomy as a subject of study, the first
point to which we must direct our attention is the mode in
which astronomical discoveries should be presented. I wish
particularly to invite attention to the reasons of Sir John
Herschel’s great success in attracting the minds of men to
a subject which, before his time, had been regarded as too
recondite for general study. I wish to consider why it is
that those facts which before his day seemed bewildering
rather than impressive, became in his hands the means of
attracting hundreds to the study of his favourite science.
Herein I have to deal with the workings of my own mind ;
for, recalling my impressions of astronomical facts as pre-
sented by those works in which I first studied the science,
and comparing those impressions with my feelings in regard
to the science after I had read Sir John Herschel’s ¢ Out-~
lines of Astronomy, I find between my earlier and later
views all the difference that exists between listlessness and
earnestness.

D
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The secret of Herschel’s success I take to be the fact that
he is never content with merely stating such and such cir-
cumstances about the celestial bodies, but will not leave his
subject until he has impressed on the mind of his reader
his own feeling of the reality of those circumstances. It
would be easy to multiply examples of this characteristic
peculiarity of his method of teaching; ome, however, will
suffice, and I take it almost at random :—

He has described the actual relations of certain double
stars; and so far as the facts respecting these objects are
concerned, the reader has already had presented to him all
that is necessary. Then, in that singularly effortless manner
with which he always passes from description to imagery, he
proceeds thus: ¢It is not with the revolutions of bodies of
a planetary or cometary nature round a solar centre that we
are now concerned—it is with that of sun round sun; each,
perhaps, at least in some binary systems where the indi-
viduals are very remote and their period of revolution very
long, accompanied with its train of planets and their satel-
lites, closely shrouded from our view by the splendour of
their respective suns, and crowded into a space bearing
bardly a greater proportion to the enormous interval which
separates them, than the distances of the satellites of our
planets from their primaries bear to their distances from the
sun itself. A less distinctly characterised subordination
would be incompatible with the stability of their systems
and with the planetary nature of their orbits. Unless closely
nestled under the protecting wing of their immediate
superior, the sweep of their other sun in its perihelion
passage round their own might carry them off, or whirl them
into orbits utterly incompatible with the conditions neces-
sary for the existence of their inhabitants. It must be
confessed that we have here a strangely wide and novel field
for speculative excursions, and one which it is not easy to
avoid luxuriating in.’



THE STUDY OF ASTRONOMY. 35

I have spoken of the absence of effort which characterises
the introduction of such passages as these; and I take it
that this absence of effort is absolutely essential to their
effect. It is only when such passages are perfectly natural
—natural not merely in appearance, but in reality—that
they arouse the full sympathy of the reader. And their in-
fluence in this last respect might be taken as no unsafe test
of their being purely natural effusions. But in the case of
Sir John Herschel we have the means of proving, in an in-
dependent manner, that his most poetical descriptions were
written, not to display his powers, but because they came
unbidden to his pen. We have the records of his observa-
tions as made in the stillness of night, with no thought but
to represent what he had actually seen; and among thesc
records we come again and again upon passages which no
one familiar with Sir John Herschel’s descriptive style could
for a moment fail to recognise as his. Here, for example,
are a few of his notes respecting the lesser Magellanic
Cloud: they are taken from the Guagebooks: ¢The access
to the Nubecula Minor is on all sides through a desert.
¢ The lesser Nubecula is now approaching, but I discern no
indications in the field leading me to expect any remarkable
object : on the contrary, the stippled appearance noted
shortly before is gone, and the ground is black. The ground
of the sky is completely black throughout the whole breadth
of the sweep. The body of the cloud is fairly resolved into
excessively minute stars, which, however, are certainly seen.
It is a fine, rich, large cluster of very small stars, which fill
more than many fields, and is broken into many knots,
groups, and straggling branches, but the whole is clearly re-
solved.’ Then, after passing the limits of the cloud, ¢ here is
a region of utter barrenness—a miserably poor and barrei
region—most dreary since the small Nubecula’ Take
also this sketch of a nebula, and the accompanying sugges-

' D2
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tion as to the constitution of certain regions of space, as
affording evidence of the style of Herschel’s note-books: ¢ A
beautiful nebula ; it has very much resemblance to the Nu-
becula Major itself as seen with the naked eye, but is far
brighter and more impressive in its general aspect, as if the
Nubecula were at least doubled in intensity. And who can
say whether in this object, magnified and analysed by tele-
scopes infinitely superior to what we now possess, there may
not exist all the complexity of detail that the Nubecula
itself presents to our examination ?’

I believe that it is only by presenting astronomical facts
in this striking and graphic manner that they can be made
acceptable to the generality of readers. This is true, indeed,
in all sciences; but it is specially true of astronomy, since
there is no science where the facts are on the one hand so
wonderful in reality, or on the other so capable of becoming
unimpressive, and even wearisome, if not earnestly dealt
with.

Yet let me in this place note that there is a fault of a
different nature than want of earnestness, which equally re-
quires to be avoided in scientific treatises. I refer to the
undue familiarity of tone by which sometimes even our
ablest expositors attempt to descend to the presumed level
of their readers’ comprehension. Even Sir John Herschel,
it must be admitted, has sometimes condescended to express
himself in too familiar terms when dealing with subjects
which require grandeur of treatment. Not, indeed (so faras
I remember), in his ¢ Outlines of Astronomy,’ at least in the
main text of that noble work ; but in some of his Essays one
is certainly somewhat startled at times by a familiarity which
does not seem suited to the nature of the subject-matter.
For example, I think that, without being hypercritical, the
astronomer may fairly object to some points in the following
passage, in which Sir John Herschel is speaking of the sun's
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attractive energy: ¢ Even in his capacity as ruler, the sun is
not quite fixed. If he pulls the planets, they pull him and
each other; but such family struggles affect him little.
They amuse them’ (the italics are not mine), ‘and set them
dancing rather oddly, but dow't disturb him. Nor again
can one accept altogether with satisfaction that passage in
which, after speaking of a comet as of a restive horse,
Herschel remarks, of the first three observations made on
a comet, that ¢the third nails it.’

The fact is that Sir John Herschel shows his real power as
a scientific writer only when he deals grandly with grand
subjects. Through this power he was unrivalled as a popu-
lariser of science. But in the less dignified réle of a fami-
liariser he was not successful. His gambolling was that of
Behemoth. Nor, indeed, would his failure in this respect
require notice, were it not that many have been led to follow
his example in precisely that matter in which it was least
desirable that he should be imitated. For instance, his
fashion of calling the solar prominences ¢things’ by way of
expressing their doubtful nature, has been followed as care-
fully as if it were an ornament rather than a blemish of his
style. And one might readily cull from the writings of
those who have imitated Herschel’s familiarity, passages
which he assuredly would have shuddered at.

It is not merely necessary that astronomical facts should
be so presented to the student that he may become possessed
with a feeling of their reality, but the student cannot be
rightly said to ¢have astronomy’ at all (to use Shakespeare’s
apt expression) until he is capable of picturing to himself,
however inadequately, the truths of the science. A man may
have at his fingers’ ends the distances, volumes, densities,
and so on of all the planets, the rates at which they move,
the physical features they present, and a hundred othe: facts
equally important; but, unless he has in his mind’s eye a
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picture of the solar system, with all its wonderful ‘variety,
and all its yet more amazing vitality, be has not yet passed
even the threshold of the science. He must be able to con-
ceive the mighty mass of the sun, ruling from the centre of
the scheme the whole of that family to the several members
of which he distributes their due proportion of light and heat.
Close around the sun the student must see the family of
minor planets; small Mercury lit up with inconceivable
splendour by the sun, round which he speeds with unmatched
velocity ; Venus and Earth, the twin planets of the solar
system, alike in all features, save only that Venus has no
satellite ; and lastly, ruddy Mars, the miniature of our own
earth. Then beyond the path round which Mars urges his
course, the student must picture to himself the interlacing
paths of hundreds of asteroids, tiny orbs compared with even
the least of the minor family of planets, yet each pursuing
its independent course around the sun, many doubtless ap-
proaching almost within hail (if one may so speak) of their
fellow orbs, and many free to depart far more widely than
any of the primary planets from the general level near
which the planetary motions are performed. Then, lastly,
he should picture to himself that wonderful outer family of
planets, the least of which exceeds many times in bulk the
combined volume of all the minor planets and asteroids.
The vast globe of Jupiter circled about by his symmetrical
family of satellites, the complex system of Saturn, with his
gorgeous ring-system and a family of satellites the outermost
of which has an orbit range of more than four and a half
millions of miles; Uranus and Neptune, brother orbs, almost
lost in the immensity of their distance—all these planets,
and all the wonders which the telescope has taught us
respecting them, should be clearly pictured. In particular,
the enormous distances separating the paths of these bodies
from each other, and from the sun, should be clearly appre-
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hended, and that strangely incorrect picture which defaces
so many of our books on astronomy, wherein the paths of
the planets are seen separated by nearly equal distances from
each other, should be as far as possible forgotten. When
the student has apprehended the fact that the whole family
of the minor planets could not span the distance between
the orbits of Jupiter and Saturn, while the distance between
the orbits of Saturn and Uranus, or of Uranus and Neptune,
almost equals the full span of the orbit of Jupiter, he has
already made an important step from mere book knowledge,
almost useless (in itself), towards that clear recognition of
actual relations which should be the true end of scientific
study.

But beyond the solar system the thoughts of the student
of astronomy should range until he begins to apprehend to
some extent the vastness of those abysms by which our solar
system is separated on all sides from the realm of the fixed
stars, that is, of the orbs which are the centres of other
systems like itself. And I know of no consideration which
tends more clearly to bring this idea before the mind of the
student than the thought that our sun, with his attendant
family of planets, is speeding through those abysms with a
velocity altogether past our powers of conception, while yet
no signs of his motion, and our motion with him, can be re-
cognised, even after the lapse of centuries, save by taxing to
the utmost the powers of our noblest telescopes. The clear
recognition of this fact, and of its real significance, enables
the thoughtful student to become conscious of the vastness
of the depths separating us from the nearest fixed star,
even though he can never form an adequate conception
of their tremendous proportions. That within the abysm
which forms his present domain our sun traverses in each
second four or five terrestrial miles, while yet he seems always
to hold a fixed place in that domain,—this is the great fact
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which serves most strikingly to impress upon us the vastness
of the interstellar spaces.

There is another, however, which deserves mention. We
commonly find those comets which sweep round the sun in
parabolic or hyperbolic orbits, spoken of as visitants from
the domain of other stars. And so in truth they are. But
how seldom do we find in our treatises on astronomy any
reference to the enormous intervals of time which must have
elapsed since these startling visitants were travelling close
round some other star, making their periastral swoop before
setting forth on that enormous journey which had to be tra-
versed before they could become visible to our astronomers!
Taking into account the directions in which certain comets
have reached us, and assigning to the stars seen in such
directions the least distances compatible with known facts,
it yet remains absolutely certain that twenty millions of
years at least must have elapsed since those comets were last
in periastral passage. While if, as some suppose, each comet
(even those which now circle in closed orbits round our own)
has flitted from star to star during a long interstellar exist~
ence, the mind shrinks utterly before the contemplation of
the vastness of the time-intervals which have elapsed since
those journeyings first commenced : yet these time-intervals
afford but an imperfect means of estimating the scale on
which the sidereal system is built.

I will not dwell here on those further conceptions—equally
necessary, I take it, to complete the picture which the true
student of astronomy should have present in his mind—
which relate to the constitution of the sidereal spaces, to
the motions and changes taking place within them, and to
the relation which the various forms of matter existing
within those spaces bear to each other, or to the forms with
which we are familiar. It is to be remarked, as r;egards
many of these conceptions, that their nature will depend on
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the views entertained by the student respecting the accuracy
of the various theories which Kepler, Wright, Kant, Lam-
bert, Mitchell, the Herschels, Struve, and others, have formed
respecting the way in which the various objects revealed by
the telescope are distributed throughout surrounding space.
But even though doubt must needs at present rest on many
points, yet what is actually known is sufficient to form a
picture full of interest as respects all its visible details, and
not the less impressive, perhaps, that a large portion of its
extent is still hidden in darkness and mystery.

It is little necessary to point out that the course of study
by which astronomical relations may thus become clearly
pictured must needs form a valuable mental training.
Whether we regard the careful analysis of the evidence on
which astronomical facts rest, the study of the various facts
as they are brought, one after another, to the student’s know-
ledge, the due co-ordination of each with its fellows, or,
finally and chiefly, that intention of the mind on the com-
plete series of facts by which alone their real significance
can be apprehended, we see in astronomy the apt means for
disciplining the mind, and fitting it for the noblest work of
which it may be capable. But, besides the study of astrono-
mical facts, we must consider here the actual study of the
heavens, either with the unaided eye or with the telescope.
I speak of the study of the heavens with the unaided eye,
though many in this age of cheap telescopes may be inclined
to smile at the thought that such study can have any value
either to the student or to the science of astronomy. As a
matter of fact, however, I am of those who believe that much
may still be learned even from the study of the stellar heavens
without optical instruments of any sort. I would point, in
corroboration of this view, to the work done by Argelander
in this seemingly so limited field; to our still incomplete
knowledge of the meteoric facts which naked-eye survey
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is capable of revealing; and, lastly, to the fact that, from
the study and charting of those stars alone which are visible
to the unaided eye, I have myself been led to results tending
to render untenable the whole system of sidereal astronomy
as presented in our text-books.* I need hardly say that I
reject altogether the notion that a telescope of even mode-
rate power must needs be useless because in our day there
are so many powerful telescopes, mounted in well-fitted
observatories, and in the hands of men who are certainly
not ill qualified to carry out original investigations.

Now I think that nothing can exceed in value the prac-
tical study of astronomy by the direct survey of the heavens.
Setting aside the fact that it is in the student’s power to add
to our store of knowledge, it is of the utmost importance
that he should become directly cognisant of astronomical
facts, whether those facts be the seeming motions of the
celestial bodies, the telescopic aspect of the sun, moon,
planets, stars, and nebul®, or the statistical relations,
changes, motions, and so on, of the stars of various orders.
A student of astronomy whose knowledge is partly founded
on actual observation holds all his knowledge with far
securer grasp than one who has devoted his attention,
however earnestly, to the acquisition of book-knowledge
alone.

Yet I find it impossible to pass this point of my subject
without a word of protest against the use to which the tele-

* Of course, the weight of this evidence will depend on the eventual accept-
ance or rejection of the views which I have founded on the above-mentioned
researches. But whether my views be accepted or rejected (and I must frankly
state that I have not the least anxiety as to their fate), the facts I have
brought forward must be explained ; and however explained, they must bear
to a greater or less extent on our theories respecting sidereal astronomy. The
aggregation of stars in certain regions, and their segregation from others, for
instance, may be regarded otherwise than I regard these facts ; but the facts
are there, and they have resulted from the survey of that which so many mis-

takenly suppose to be an exhausted region of astronomy—the relations,
namely, presented by objects visible to the unaided eye.
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scopes now erected in every part of England are, with few
exceptions, being devoted. One can understand that a
person who has been led by the study of astronomical works
to possess himself of a telescope of greater or less power,
would in the first place turn it as opportunity permitted
towards the various objects of which his books have informed
him. One can understand that he would tax the powers of
his instrument in attempting to recognise the spots on Venus
or Mars, the more delicate details of lunar scenery or of the
sun’s surface, the belts of Jupiter, the features of the
Saturnian rings, the duplicity of the closer double stars,
and the characteristics of those exceedingly difficult objects
of study, the nebule®. But it certainly does seem a misfor-
tune either that the work should stop here or that work of
this sort should be continued year after year without aim or
purpose. Yet in one or other of these ways, not merely the
hundreds of cheap telescopes at this moment in the hands of
amateur observers, but numbers of the finest telescopes
which our Cookes, and Brownings, and Dallmeyers have
turned out from their manufactories, are simply lost to the
cause of astronomy. A fine instrument is purchased, and
erected in a well-fitted and costly observatory; and during
the first weeks after its erection the purchaser turns it on
some of the objects he has read about. Then presently his
enthusiasm is exhausted, and the telescope is no more used,
save perhaps to amuse visitors. Or, else, the telescopist’s
enthusiasm waxes fiercer ; he passes night after night in his
observatory, making his life a burden by unceasing efforts
to just see with his telescope what one a little larger would
show him easily; he sets his clocks and watches and all his
neighbours’ clocks and watches by transit observations; he
notes down (to the second or third decimal place of seconds)
the epochs when the moon occults stars or when Jupiter’s
satellites are eclipsed or occulted ; and he seemingly remains
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all the while uncouscious of the fact that twenty times his
misplaced energy devoted for twenty lives to such work as 1
have described would produce results simply worth nothing.

This rule I suggest to every possessor of a telescope as
one which should be written in letters of gold in his obser-
vatory, or; rather, as one which should be kept continually
in his thoughts while working there : Every observation not
intended a8 a mere relaxzation from real work should be
intended to ascertain some as yet unknown fact. Grant
that the fact sought after may turn out when found to be
an unimportant one, or even that after much labour no new
fact may be revealed at all. In anylong series of researches
it must needs happen again and again that labour is wasted.
But there is all the difference in the world between labour
wasted unavoidably, and the deliberate employment of time
and labour in purposeless observations. Bernard Palissy
wasted years of labour, and all but ruined himself, in seeking
to master the secrets of pottery; yet his successive failures
were justified by his final success—nay, they would have
been justified by his purpose even though he had failed ; but
no reasoning can justify the successful labours of the man
who constructed a carriage complete in all its parts, which
the wing of a fly could completely cover. The true astro-
nomer finds it difficult to forgive the telescopists who suc-
cessfully imitate the work done at Greenwich in systematic
observatory work of the most utterly valueless nature, while
he can admire the unsuccessful labours of Sir William
Herschel directed to the inquiry whether the planet Uranus
has rings.

It will be obvious that careful attention to the rule I
have stated above will not merely lead to the devisal of new
applications of telescopic power, but is likely to suggest
to the ingenious observer new ways of supplementing the
powers of his telescope. It is only necessary to consider the
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various contrivances suggested by that prince of modern
observers, the late Mr. Dawes, to see how, without very
heavily taxing his inventive or constructive powers, the
observer may enter on researches which his telescope as it
came from the hands of the maker would not have enabled
him to carry out successfully. Nor can one study the
labours of any of our more successful observers without
seeing how very readily new researches may be effected by
contrivances of extreme simplicity.

I would next invite attention to the absolute necessity of
independence of mind in the study of the noblest of all the
sciences. I would not indeed advocate a readiness to dispute
the dicta of the great men who have devoted themselves to
the advancement of astronomy ; nor again is it fitting that
the student should attempt to make independent inquiries
into matters belonging to such branches of the science as he
has not yet familiarised himself with. It is neither dispute
nor cavil that I advocate, but the careful examination and
analysis of all statements submitted to the student’s con-
sideration, and the attempt to render the subject as far as
possible his own by such a survey of the evidence as will
suffice to give him independent reasons for believing in the
correctness of the conclusions of his teachers. It will not
unfrequently happen that while thus engaged he will detect,
or imagine that he has detected, errors of greater or less
importance. He should be prepared to find that in most
cases these seeming errors have no real existence, but
arise from misapprehensions on his own part—a circumstance
which will of itself serve to convince him of tbe extreme
importance of the kind of investigation by which such
misapprehensions have been brought to light. But in other
instances he will find that there has been a real error in his
text-book—a fact which will equally convince him of the
importance of the careful analysis of all statements lying
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within his range of investigation.* I would quote here the
words of Professor Huxley, both as to the value of scientific
doubt, and as to the nature of that sort of doubt which the
student should alone permit himself: ¢ There is a path that
leads to truth so surely, that any one who will follow it must
needs reach the goal, whether his capacity be great or small.
And there is one guiding rule by which 2 man may always
find this path, and keep himself from straying when he has
found it. This golden rule is, ¢ Give unqualified assent to no
propositions but those the truth of which is so clear and dis-
tinct that they cannot be doubted.” The enunciation of this
first commandment of science consecrates doubt. It removes
doubt from the seat of penance among the grievous sins to
which it had long been condemned, and enthrones it in that
high place among the primary duties which is assigned to it
by the scientific conscience of these latter days.” But ¢you
must remember that the sort of donbt which has thus been
consecrated is that which Goethe has called ¢ the active
scepticism, whose whole aim is to conquer itself;” and not
that other sort which is born of flippancy and ignorance, and
whose aim is only to perpetuate itself as an excuse for idle-
ness and indifference.’

I have not hitherto referred specially to the grandeur of
the facts with which the student of astronomy becomes
acquainted. Certainly in this respect Astronomy stands .
before all other sciences. Geology alone approaches her in
respect of the vastness of the time-intervals which either

* The necessity of such inquiry is increased by the circumstance that too
often the statements made in one work on astronomy are repeated without
modification or examination in others, thence to be requoted in other works
with, perhaps, fresh errors due to misprints, misapprehension, &c. For in-
stance, I have noticed that in a popular text-book of astronomy, from mis-
apprehension alone, two out of three methods of determining the longitude
have been wrongly described, and ¢n three several instances the actual reverse
of the truth has been asserted in the explanation of so simple a matter as the

equation of time. May it not be questioned how far it is just that those who
have still so much to learn should undertake to write text-books of science ?
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science presents to our contemplation. But as respects
extension in space, the domain of geology is utterly insigni-
ficant by comparison with even the threshold of that vast
domain into which astronomy invites us. The geologist’s
field of research is indeed, as the most distinguished living
geologist has remarked, ¢ insignificant when compared to the
entire globe of the earth;’ and astronomy teaches us to
regard that globe, and even the system to which it belongs,
as occupying the merest speck of space by comparison with
the visible pdrtion of the star-system ; while the sphere
enclosing all the stars visible to the naked eye is small by
comparison with the spaces revealed by the telescope, and
infinitely small by comparison with those spaces whose
existence is suggested by telescopic research. Nor is even
the vastness of the domain of astronomy the noblest feature
of the science. The wonderful variety recognised within
that domain is perhaps but faintly pictured in the solar
system with all its various forms of matter—sun, primary
planets, and moons; major planets, minor planets, and
asteroids; planet-girdling rings, meteoric systems, and
comete ; with perchance other forms of matter hitherto un-
recognised. And beyond the wideness of the domain of
astronomy and the amazing variety recognised within that
domain, there remains the yet more impressive lesson taught
by the infinite vitality which pervades every portion of
space. I apprehend that if such powers of vision, and also
(for they would be even more needed) such powers of con-
ception, were given to the astronomer that the extent of
that domain which the telescope has revealed to man could
be adequately recognised, while he further became cognisant
of the way in which the various portions of that domain are
occupied, that, deeply as he would be impressed by the
amazing scene, the sense of wonder he would experience
would sink almost into nothingness by comparison with that



418 ASTRONOMICAL ESSAYS.

which would overwhelm him could he recognise with equal
clearness the movements taking place amongst the orbs
presented to his contemplation—could he see moons and
moon-systems circling around primary planets, these urging
their way with inconceivable velocity around their central
suns, while amid the star-depths the suns were seen swiftly
travelling on their several courses, star-streams and star-
clusters aggregating or segregating according to the various
. influences of the attractions to which they were subject, and
the vast spaces occupied by the gaseous nebula stirred to
their inmost depths by the action of mighty forces whose
real nature is as yet unknown to us. The mind cannot
but be strengthened and invigorated, it cannot but be
purified and elevated, by the contemplation of a scene so full
of magnificence, imperfect though the means be by which
the wonders of the scene are made known to us. The in-
formation given by the telescope is indeed but piecemeal,
and as yet no adequate attempts have been made to bring
the whole array of known facts as far as possible into one
grand picture; but, seen as it is only by parts, and (even
so) only as through a veil and darkly, the scene presented
to the astronomer is the grandest and the most awe-inspiring
which man can study.

Fraser's Magazine for September 1871.
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THE PLANET MARS.

Or the planets within the orbit of Uranus, Mars appears, at
first sight, to be the least inviting object of study to the
observer armed with moderate telescopic power. Jupiter,
from the noble aspect of his disc, and the ever-varying con-
figurations of his attendant orbs, is among the most charm-
ing of telescopic objects. With a telescope of somewhat
higher power than that available for the study of the larger
planet, Saturn bears away from him the palm for splendour
of appearance, and for the wonderful yet symmetrical
beauty of his attendant system. Venus and Mercury, in
a lesser degree, although both are ¢difficult’ objects, yet
attract the young observer, by the lowness of the powers
with which their varying phases are made conspicuously
visible. Mars, on the other hand, presents no features
which a telescope of very low power can reveal ; and even
with a telescope of considerable power, some patience, com-
bined with skill and practice in observation, are required to
enable the observer to interpret satisfactorily the phenomena
presented to him. Yet it must not be forgotten that, of
all the planets, Mars is that which is in reality the most
favourably situated for telescopic research; or, rather, it
would not be saying too much to assert that Mars is the
only object in the heavens whose examination is capable of
supplying an answer to some of the questions which most
largely interest the thoughtful mind. With the telescopes
yet constructed, indeed, it were too much to hope that very
E
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exact information as to the physical condition of Mars
should be gleaned, under whatever circumstances the planet
may be observed ; nor would the simple increase of magnify-
ing power, which the past history of the telescope leads us
to hope for and expect, conduce greatly to the attainment
of the above-named object. But it does not seem too much
to hope that some day (haply not so far distant) the lesson
taught us by Professor Smyth’s Teneriffe experiment will be
appreciated as it deserves. Then a telescope surpassing in
power any yet constructed shall be placed where alone the
power of such an instrument can be efficiently exerted—
where Newton long since told men that such an instrument
should be placed—far above those denser atmospheric strata
whose disturbances never cease, and are magnified and
aggravated by every increase of telescopic power. When
this is done, we may look in Mars for that which has long
been sought for fruitlessly upon the lunar surface—the
signs of life, of change, of progress, of decay. In one
point, indeed, Mars has already supplied such evidence;
since, as we shall presently see, he exhibits, in regular
succession, appearances corresponding to changes well known
to be taking place regularly upon our earth.

There is another circumstance which tends to heighten
the interest with which the astronomer regards this small
planet. Its motions, watched for many long years by Tycho
Brahe, and studied for twenty years by the ingenious Kepler,
were the means of overthrowing for ever the elaborate
system of errors and hypotheses known as Ptolemaic astro-
nomy. They afforded also to Newton the first hint on
which he founded the law of universal gravitation. The
figure of Mars’s orbit, and the relation which that orbit bears
to the orbit of our earth, rendered the planet the most
fitting, one may almost say the only fitting, member of the
solar system for the purposes Kepler had in view.
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As it is necessary for the right understanding of the
appearances presented by Mars at successive returns to
opposition that the nature of his orbit should be rightly
understood, I shall solicit the reader’s patience while I run
as briefly as possible through the points of chief importance.
This is the more necessary because no popular work on
astronomy (that I at least have ever met with) presents with
any approach to accuracy this very important feature of the
solar system. Even that admirable and interesting work,
Guillemin’s ¢ Heavens,’ deals very inadequately, though at
some length, with this question.

In Plate II., E,E;E;E, represents the orbit of the earth,
and MM, MM, that of Mars. M is the perihelion of Mars’s
orbit, which, it will be observed, is noticeably eccentric (C,,
the centre, being 13,000,000 miles from the sun), M’ the
aphelion ; E is the perihelion of the earth’s less eccentric
orbit (whose centre is at C,), E’ the aphelion. The arrows
indicate the directionr ir which both planets revolve around
the sun. The plane of Mars’ orbit is inclined at an angle
of 1° 51’ 5” to that of the earth, the points marked & and
© being those at which the orbit of Mars intersects the
plane of the earth’s orbit; at M, and M, Mars attains his
greatest distance from the plane of the earth’s orbit, the
short arrow indicating, as nearly as possible, on the scale of
our figure, the distance at which Mars is above and below
the plane of the ecliptic at these two points respectively.
Of the absolute dimeasions of the two orbits, it will be
sufficient to say that the greatest and least distances of the
earth from the sun are respectively 93,190,000 and 90,110,000
miles, the greatest and least distances of Mars 152,670,000
and 126,620,000 miles.

Mars takes 686:979 days in completing one circuit around
the sun; thus it is easily calculated that the mean interval
between successive oppositions is 779:836 days. Owing,

B2
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however, to the great eccentricity of Mars’s orbit, and the
consequent considerable variation in the rate of his motion
around the sun, the successive synodical revolutions of the
two planets vary in length, being greater or less according
as opposition occurs near perihelion or near aphelion re-
spectively. The positions of the oppositions from 1867 to
1881, marked in Plate II., will be sufficient to indicate this.
The line of opposition travels round in the order of the
signs. After travelling twice round the zodiac, the line falls
very nearly in the position it had at starting, such double
revolution occupying thirty-three years, in the course of
which Mars has been fifteen times in opposition.

It will be obvious, from a moment’s inspection of Plate II.,
that the appearance presented by Mars, when in opposition
near M,* must be very different to that presented when he
is in opposition near M’: the distance of Mars in the former
case being less than his distance in the latter case in th«
proportion of about 19 to 37 ; or, in miles, the former dis-
tance is 34,140,000, the latter 61,860,000 miles. Hence
arise variations in the magnitude of the disc presented by
the planet ; and since Mars in perihelion is more brilliantly
illuminated than when in aphelion, his apparent brightness
is yet further increased. By the first cause his brightness
is increased as the squares of the numbers 37 and 19, and
by the second as the squares of the numbers 41 and 34; or,
on the whole, his brightness, when in opposition in perihe-
lion, is about five times as great as his brightness at oppo-
sition in aphelion. So bright does he appear, when the
first conditions are nearly approximated to, that his appear-
ance has caused alarm to the uneducated. Theoretically,

* Owing to the eccentricity of the earth’s orbit, and the circumstance that
the perihelia of the two orbits hauve different positions, M is not absolutely
the point of Mars's orbit which lies nearest to the earth’s orbit.. The point of
nearest approach precedes M by a small arc, which (were it worth while) it
would be easy to calculate.
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indeed, he ought to appear brighter at such times than
Jupiter himself at his brightest, since the disc of Mars,
smaller than that of Jupiter in the ratio of 24 to 49, is
more brilliantly illuminated in the greater ratio of 472 to
126, so that Mars should appear brighter than Jupiter in
the ratio of about 5 to 3, Jupiter, however, sends us more
light, probably because his atmosphere bears large belts and
masses of clouds capable of reflecting light very perfectly,
and also preventing the loss of light which would accrue in
the double passage through the planet’s atmosphere. The
studies of our leading astronomers and physicists leave little
doubt that the light by which we see Mars has suffered
diminution in this way to a very considerable extent.
Oppositions of Mars near perihelion occur at intervals
of fifteen and seventeen years successively. Sometimes it
happens, as in 1860 and 1862, that two successive oppositions
occur at nearly equal distances from perihelion; it follows
that the next opposition near perihelion (in 1877) will fall
midway between these positions, or very much nearer peri-
helion than either of the two others; in other words, Mars
will be very favourably situated for observation in 1877.
Much of the superiority of perihelion-oppositions is, how-
ever, lost in our northern latitudes, since these oppositions
occur in August; and the sun being high by day, it follows,
of course, that the ecliptic (near which Mars is always situate)
is low by night. On the other hand, it is clear from the
figure that, if Mars is in opposition in midwinter, when of
course he has a considerable altitude at night, he is too
near aphelion to be favourably seen. On the whole, it
follows that the most favourable season in which Mars can
be in opposition, is towards autumn (when he is near 8
of Plate II.). At this season, while not very far from peri-
helion, he attains an altitude of from 55° to 60° on the
meridian. Such an opposition took place in 1862, when very
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admirable views of Mars were obtained by Messrs. Dawes,
Lockyer, and Phillips, and by others of our best observers.
The opposition of 1864 was also a very favourable one.

But another circumstance remains to be considered. The
planet, rotating on an axis considerably inclined to the plane
of the orbit (and also to the ecliptic), presents at different
seasons different aspects, not only with reference to the sun
but also to the observer on the earth. At one time his north
pole is bowed down towards the sun, at another his south
pole; and the same relations, only in a somewhat more
complex order, are maintained with respect to the earth. If,
then, the astronomer would rightly study the peculiarities of
our neighbour Mars, he must examine the planet at opposi-
tions occurring in every part of its orbit.

As respects the inclination of Mars’s axis to the plane of
his orbit, and the other elements on which his seasons and
the appearance he presents to us depend, we have the deter-
minations of Sir W, Herschel. He estimated that the North-
Martial spring occurs when the planet is in longitude 79° 28’
(the longitude indicated in the figure is 78°); the obliquity
of the Martial ecliptic he set at 28° 42’ ; and the inclination
of Mars’s equator to the earth’s orbit at 30° 18”. I fear it will
be considered somewhat rash to impugn results obtained by
Sir W, Herschel. Standing, as he does, in the very foremost
rank among observers, and facile princeps as an interpreter
of observations, astronomers justly look on his opinions
almost as laws. Yet I think, if we eonsider the nature of
the observation, and the character of the instruments used
by Herschel, we must admit the fact that he attributed to
his results an exactness they were not capable of possessing.
The pictures of Mars given by Herschel are sufficient to
show that the instrument he used was far inferior in defining
power to those with which De la Rue, Dawes, Lockyer, and
Phillips have examined the planet. Now, let us see on what
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indications furnished by Mars (thus viewed) Herschel founded
the determinations above recorded. Referring to the paper
in the ¢ Philosophical Transactions,’ ®* we find that the indi-
cations he trusted to were the motions of spots across Mars,
and the appearance or disappearance of certain bright spots
near the Martial poles. In fact, from the nature of the case,
it is obvious that no other sort of evidence was available.
The necessary observations were repeated at intervals, as the
weather permitted, and carefully reduced (on just mathema-
tical principles) in accordance with the motions of Mars and
the earth in their respective orbits. Now, if we consider the
minuteness of the disc presented by Mars, the variable
appearance of the spots and points upon his surface, and the
extreme difficulty of assigning, with any approach to exact-
ness, the period or place at which a spot or point becomes
visible on the edge of a rotating sphere, even when such
sphere is distinctly (and permanently) marked, we shall see
that, even with the best modern instruments, it would be
impossible to determine the inclination of Mars’s axis within
two or three degrees, or the place of his vernal equinox
within seven or eight degrees. Those who are best able to
appreciate Herschel's work as an astronomer will be precisely
those who will most clearly recognise the difficulty of the
problem he attacked. It is to be wished that some of our
modern observers would re-examine the subject. That very
little attention has been bestowed upon it by writers on
astronomy will be evident from this, that the numbers given
by Herschel are repeated, not only without comment, but even
without those changes which the variations in the orbit of
the planet render necessary. Given the position of Mars's
axis with respect to his orbit, and the position of his orbit
with respect to the earth’s, then the position of his axis with
respect to the earth’s orbit follows at once. If either of the

* Phil. T-ans. 1784, p. 241.
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data vary, the result will vary. Now, the second datum has
varied largely since Herschel’s time; but no corresponding
variation in the angle 30° 18’ (named above) has been intro-
duced into our works on astronomy.

The diameter of Mars is difterently estimated by different
astronomers. In Midler's ¢ Elements, 4,070 miles is as-
signed as the planet’s equatorial diameter. Most observers
assign a larger diameter: Hind, in his ¢ Astronomy,’ giving
the planet a diameter of 4,500 miles. These estimates are,
of course, founded on the old estimate of the sun’s distance.
It seems probable that 4,150 miles on that estimate, or
4,000 miles, if the modern reduced estimate of the sun’s
distance is accepted, is not very far from the true diameter
of the planet. In other words, the linear dimensions of
Mars are about one-half those of the earth, or twice those
of the moon. More roughly, his surface is about one-fourth
that of the earth, or four times that of the moon; and, yet
more roughly, his volume about one-eighth that of the
earth, or eight times that of the moon.

Herschel determined the compression of Mars at .
Modern observers greatly reduce this quantity. Professor
Kaiser, of Leyden, makes the compression yi;; Main, of
the Radcliffe Observatory, deduced 4% in 1862, but in some
earlier measurements made the polar greater than the equa-
torial diameter. Mr. Dawes, applying two modes of mea-
surement, found, from the first, no compression ; from the
second, he found the polar greater than the equatorial
diameter. Is it going too far to say that the oblateness of
Mars’ figure is not yet determined satisfactorily ? Probably
it is too small for measurement.

Herschel made Mars’s rotation-period 24 h. 39 m. 35 s.;
Miidler gives 24 h. 37 m. 23-7 s.; and Professor Kaiser con-
siders 24 h. 37 m. 22+6 s. the true value. My own estimate of
the rotation-period is 24 h. 37 m. 22735 s. (see Appendix A).




THE PLANET MARS. 57

It is not to be assumed that Mars presents at all seasons
identical features. It is found, in fact, that, besides periodic¢
changes in the dimensions of those two white caps near the
polar regions which have so long been recognised as

The snowy poles of moonless Mars,

the details of other portions of his surface vary from time to

- time. Spots and patches clearly made out on one occasion
appear blurred and indistinct on another—though the same
telescope may be used, and our own atmosphere (as tested
by the performance of the telescope on deuble stars) may be
in a state as well suited for definition. The colour of the
planet is also variable; the redness (compared to a faint
tinge of Indian red by some observers, and to a coppery
tint by others), and the greenish-grey tint of the darker
parts of the disc, being much more marked on some
occasions than on others, Another phenomenon—the pale-
ness of the disc round the edges—is also variable.

The variations in the appearance of Mars are clearly
explicable on the natural hypothesis of an atmospheric
envelope, such as that surrounding our own earth, bearing
clouds and mists over the surface of the planet. Judging
by the analogy of our own earth, we may consider that the
planet’s cloud-covering would vary in density not only from
place to place upon the surface, but, considered as a whole,
from season to season, and from year to year. It gives a
high idea of the difficulty of the problem attacked by
astronomers, in examining Mars, to note that, for favourable
research, we must have a fine night upon our earth, and a
clear day on Mars, combined with favourable circumstances
of distance, altitude, and presentation; that we cannot
watch the planet through any single Martial year, but must
be content to piece in the observations of different seasons
of different years ; and, finally, that Mars, when in opposition
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at the solstice of one of his hemispheres, is nearly twice as
far from us as when in opposition at the corresponding
solstice of the other hemisphere.

Notwithstanding these difficulties, many excellent drawings
of Mars have been taken by astronomers, the planet being
shown in almost every possible presentation. Among those
who have distinguished themselves in such work must be
mentioned Sir W. Herschel, Messrs. Beer and Maidler,
Kunowski, Lockyer, Phillips, and De l1a Rue. The drawings
obtained by the late Mr. Dawes surpass, however, all others
in interest. Being desirous of charting the planet, I ven-
tured to apply to Mr. Dawes for tracings of a few drawings
taken when the planet was presented in various ways to us.
With the kindness for which he was so remarkable, and
which endeared him so much to all who became acquainted
with him, he immediately sent me ten or twelve drawings,
and afterwards searched through his note-books for others.
In all, if I remember rightly, he sent me twenty-one
drawings, taken in 1852 (a most valuable series in this
year), in 1856, in 1860, and in 1862.

The task of charting Mars from these drawings was not
8o easy a one as might at first sight have been supposed.
Mr. Dawes had taken them at various hours, and there was no
ready means of determining the position of the planet’s axis
in each case. A tentative process had to be gone through
—for I was anxious that the charting of Mars should be
independent of all previous efforts in that direction.

Having calculated the presentation of Mars for the date
of each drawing, I drew on tracing-paper the meridians and
parallels properly presented (on the scale—in each case—of
the corresponding drawing by Mr. Dawes). Then beginning
with the most promising view, I placed the tracing-paper
over the picture of the planet, giving that position to the
polar axis which corresponded most closely with the assigned
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position of the polar snow-caps. Then on a projection of the
meridians and parallels of a globe on the eyuidistant projec-
tion, I drew in the lands and seas of Mars as they appeared
under the meridian-lines on the tracing-paper. I next
repeated the process for other drawings in which the same
features were presented.

At first there was little accordance between the results
thus pencilled on my chart-projection. This was caused by
erroneous selections of the axial line of Mars, which—it
must be remembered—does not correspond with the position
of the polar snow-caps. But gradually I began to get over
this difficulty, and the views began to show a much closer
agreement. Still there were slight discrepancies, and these
when reduced as much as possible by shifting the assumed
position of the axis, I was obliged to ascribe to such slight
errors as could not fail to appear in drawings so full of
detail and taken under such circumstances of difficulty as
were Mr. Dawes’ pictures. Therefore, having drawn in all
the outlines deducible from pictures nearly approaching each
other in phase, I considered a mean outline taken through
the others to be as nearly as possible correct.

It must be understood that the amount of Mars’s surface
covered by one such series of processes would be very much
less than a full hemisphere, since—firstly, the part of Mars
near the limb was not drawn in so distinctly in Dawes’ pic-
tures as the rest, and secondly, a small mis-drawing in an
orthographic presentation of a planet becomes much more
important as we leave the centre of the disc, so that I did
not consider myself justified in using those delineations
which were not near the centre. It mustalso be remembered
that, as the drawings were not taken at periods separated by
regular intervals of Martial time, it was very necessary to
apply to each a correction calculated according to the true
value of Mars’s rotation-period. Thus it will be understood
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that before the whole of the surface of Mars had been charted
a considerable amount of labour had been given to the sub-
ject. Those who have never tried work of this sort would
hardly be able to conceive how perplexing it often becomes.®
But one circumstance was very pleasing. I found that the
more carefully I worked at the chart, the more thoroughly
the true value of Mr. Dawes’ drawings came out. I had
had little conception, when I began the work, either of
the acuteness of his vision or of the accuracy of his powers
of delineation. The tracings he sent me were partially
covered with faintly marked streaks which I had at first
supposed to be merely random touches thrown in to indicate
the general appearance of that part of Mars to which they
belonged. But I soon found that every one of these streaks
was to be taken as the indication of a Martial marking
which Mr. Dawes had actually seen. The strange variations
of figure which a spot on a globe undergoes when the globe

* Soon after the above statement appeared, an attempt was made by a writer
in the Athenaum to hand over the results of my labours to my friend Mr.
Browning. The latter had, at my suggestion, made a globe from my equi-
distant chart of Mars ; and he had exhibited at the Royal Society some beautiful
stereograms of this globe. The globe itself had been exhibited at the meeting
of the Astronomical Society in May 1868, with sufficient reference to the
source whence its features had been copied. But the writer referred to, in
describing the photographic pictures of the globe, spoke of them as derived by
Mr. Browning from Mr. Dawes' drawings. It appeared to me desirable to
correct what I at the time regarded as a mere oversight. Yor, my part of the
work had been by no meaus light, and without it Mr. Dawes’ drawings, beauti-
ful though they were, had given very little information as to the arecgraphy of
Mars. My reclamation was not well received. I was gravely assured that I
had not done what I supposed ; but that what I had really done was to deter-
mine the rotation-period of Mars. On my pointing out that this work was
distinet from the other, which was @léo mine (my chart being published five
months before its features were reproduced, without the slighest modification, in
Mr. Browning's globe), the anonymous writer asserted that his original state-
ment was quite correct; but he suddenly found that the matter was not worth dis-
puting about, though he had been warm in his laudations when handing over my
work to another. I should add that he had also assigned to Mr. Browning
the credit due to Prof. Phillips, of having been the first to construct a globe
of Mars. This I corrected, as also did an anonymous correspondent.
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is looked at in various directions, had prevented me at first
from recognising the identity of several large markings.
Mr. Dawes himself was not aware, in some cases, that a spot
which was presented with one figure in one drawing was in
reality the same as one which appeared with a totally dif-
ferent figure in another drawing. But when due account

Fi6. 1. Chart of Mars on Mercator's Projection.

was taken of the effects of foreshortening, the almost perfect
correspondence between the different views, indicated at
once the accuracy of Mr. Dawes’ drawing, and the per-
manence of the spots which mark the globe of Mars.

The result was the construction of a chart of Mars con-
taining a number of features which had not before appeared
in works of the sort. In my ¢ Half-hours with the Telescope,’
(Plate VL.), a small copy of the equidistant chart originally
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drawn by me is presented. Fig. 1 represents the same
features on Mercator’s projection.®

A feature of the planet Mars which has attracted some
attention has been incidentally noticed above. I refer to the
whiteness of the disc near the limb. This phenomenon is
worthy of a careful examination; and I believe that the
true explanation has not yet been put forward.

In the first place it is to be remarked that this phenomenon
is real and not merely apparent. The edge of Jupiter’s
disc seems to be brighter than the central part, but is in
reality darker. I believe ninety-nine observers out of a
hundred would be deceived regarding this feature of Jupiter,
if they trusted to the unaided eye. Why it should be so is
not perhaps very easy to say. Perhaps the contrast between
the dark background of the sky and the illuminated limb of
the planet tends to give to the latter a brightness which does
not belong to it. Be this as it may, a series of observations
which Mr. Browning has lately made of Jupiter, with the
express object of determining this question, has resulted in
placing the greater darkness of the planet’s limb, as com-
pared with the central part of the disc, beyond a doubt. He
used darkening glasses perfectly graduated from end to end,
and by this means was enabled to obtain the most accurate
estimate of the relative brilliancy of various parts of the disc.

But the greater darkness of Jupiter’s disc near the limb is
what was theoretically to have been expected. An opaque
globular body directly illuminated by a distant luminous
orb should appear brightest in the centre of its disc ; because
the real illumination diminishes as the angle at which the
light-rays meet the surface diminishes, and the apparent
brilliancy at any point of an object is always equal to the
real illumination at the point.

* In my Other Worlds will be found a coloured chart of Mars on the
stereographic projection.
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In the case of Mars, then, the apparent illumination of
different parts of the disc varies in a manner .which is
directly the reverse of what was theoretically to be expected.
Therefore, it behoves us to determine with so much the
greater accuracy whether the eye may not be deceived in

this as in the former case. I believe the experiment applied

by Mr. Browning to Jupiter’s disc has never been applied
to that of Mars. But, fortunately, a series of photometrical
experiments by Dr. Zosllner, although not directed to the
question we are considering, but to the determination of'
the total amount of light received from Mars at different
epochs, yet affords a satisfactory reply to our doubts. For
it will be easily understood that when a globe is not illumi-
nated strictly according to the usual law—but, from some
reason unknown, presents an anomalous variation of brilli-
ancy—the total amount of light received from it at different
times will not correspond with the estimate deduced accord-
ing to the usual law. For example: the moon’s light at
full does not bear to the moon’s light at the quarter the
proportion which would exist if the moon were a perfectly
smooth globe, and therefore illuminated strictly according
to the law mentioned above (in dealing with Jupiter). And
by assuming—what is practically the case—that the illumi-
nation of the hemisphere of Mars turned towards the sun
varies according to some law depending merely on the dis-
tance from the central point of that hemisphere, it follows
that, by noting the amount of light received from Mars at
different times—and especially by comparing the amount
received from him in quadrature, with that received when
he is in opposition—it becomes possible to deduce the law
according to which different parts of his disc are illuminated.
For although when Mars is in quadrature his gibbosity is
not very remarkable, yet the true centre of the illuminated
hemisphere is removed a considerable distance from the
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centre of the disc, and the total illumination is therefore
affected in a remarkable manner by the planet’s gibbosity.

Accordingly, Zollner was able to estimate the anomalous
illumination of various parts of Mars’sdisc. He had already
done this in the case of the moon, and had come to the con-
clusion that the anomalies in the lunar illumination (mean)
are due to the existence of irregularities over the moon’s
surface, and he estimated the mean angle of inclination of
the slopes of the lunar mountains to be somewhat over fifty
degrees. Assuming that the same explanation held in the
case of the anomalies of Martial illumination, he found that
the surface of Mars must be covered with mountains having
a slope of about seventy-six degrees.

But this view is surely untenable. We can accept Zsllner’s
explanation in the case of the moon ; in fact we may almost
say that it is obviously the true one. We can conceive no
other cause available to produce the effect considered, and
further we see that all over the moon there are mountains
having very steep sides. But in the case of Mars we cannot
admit such an explanation, because a large part of the sur-
face of the planet appears to be covered with water, and
because also a slope of seventy degrees and upwards is out-
rageously steep. Mars ought to be covered all over with hills
shaped like sugar-loaves to account for his anomalous illu-
mination in the way suggested by Zsllner.

To me a far more natural way of explaining the difficulty
seems to be the following. We have every reason for
believing that clouds form over the surface of Mars as over
that of the earth. Secchi, Dawes, Lockyer, and Browning
agree in describing effects which can scarcely be due to any
other cause. And besides we shall presently see that there
is good reason for feeling absolutely certain that the vapour
of water exists in large quantities in the atmosphere of Mars.
Now, it would not be a very bold speculation to argue from
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the observed anomalies in the illumination of Mars, that
clouds prevail much more towards (Martial) morning and
evening than in the middle of the day. If this were so, it
would, of course, follow that the parts of Mars which as seen
from the sun lie near the edge of the limb, would be much
more brilliant than the rest. For they are the parts where
it is morning or evening with the Martialists; therefore,
according to the assumption, they are cloud-covered; but
clouds reflect much more light than the solid or liquid sur-
face of Mars; therefore these parts of the disc would seem
proportionately more brilliant.

Fre. 2. Explaining the brightness of the edge of the disc of Mars.

But we are not even required to make such an assumption
as this. For if clouds were pretty uniformly distributed
‘over the whole surface of Mars there would still result a
greater brilliancy of the limb. Consider Fig. 2 for example.
Here a fourth part of the circumference of Mars is supposed
to be illuminated by the sun on the left, and clouds are
represented which are arranged with perfect uniformity all
round this quadrant. When the light falls between the
clouds, it is supposed to be returned after a considerable ab-
sorption, corresponding to the shaded spaces. When it falls
on a cloud, it is supposed to be returned after much less

xr
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absorption—that is, to remain much more brilliant affer
reflection —corresponding to the unshaded spaces. And it is
at once seen that near the limb all the light is (in this ima-
ginary case) derived from reflection at the clouds, whereas,
near the centre of the disc, the larger proportion is derived
from reflection at the real surface of the planet.

There is nothing doubtful in the above explanation, except

- the assumed existence of small clouds—invisible separately

- to the naked eye. But this assumption seems at once more

. natural, and to explain the difficulty better than the sugar-
loaf mountains of Zsllner. .

It may be, however, that when the sun is near the horizon
of Mars, heavy mists hang in the air, as happens commonly
enough, with us, both in the morning and in the evening.
This would account equally well for the observed peculiarity.

I should be glad to hear that anyone armed with a tele-
scope of adequate power had done something to test the
climatic relations of Mars, and also the diurnal changes in
the state of the Martial atmosphere. By noticing at what
part of the disc the features appeared most distinct (allow-
ance being made for real differences in the distinctness of
the markings), something might readily be done in this way.
The spectroscope also might be rendered very efficiently
available 'in this inquiry. It has been already noticed by
observers that the winter hemisphere is perceptibly less dis-
tinct on the whole than the summer hemisphere. But then,
as there are places on earth where the winter climate is drier
than elsewhere, 8o it may be that parts of the winter hemi-

.sphere of Mars may be more distinct than others. In con-
.sidering diurnal changes account must be taken of the
gibbosity of Mars at the time of observation, because, as we
_have said, the centre of the disc of Mars may be far removed
from the centreof the illuminated hemisphere.

Perhaps the most remarkable discovery yet made respect~
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ing the physical condition of Mars, is that contained in a
communication addressed to the Royal Astronomical Society,
by Mr. Huggins, early in the year 1867. From this paper
I extract the following particulars.

On several occasions during the opposition of 1867, Mr.
Huggins was able to make observations of the spectrum of
the planet’s light, or, to use his own accurate phraseology,
¢of the solar light reflected from the planet.” During these
observations he saw groups of lines in the blue and indigo
parts of the spectrum. But the faintness of this part of the
spectrum did not permit him to determine whether these
lines are the same as those which occur in the same part of
the solar spectrum, or whether any of them are new lines
due to absorption undergone by the light at reflection from
the planet.

He also detected (as in former observations) several strong
lines in the red part of the spectrum, and it is to these that
the chief interest of his paper attaches. He saw Fraunhofer’s
c very distinctly, and another line about one-fourth of the
way from c towards B. As the latter line has no counterpart
in the solar spectrum, it was clearly due to an absorptive
effect produced by the planet’s atmosphere. On February
14, Mr. Huggins was able to detect faint lines on both sides
of Fraunhofer’s p. These lines occupied positions in the
spectrum apparently coincident with groups of lines which
make their appearance in the solar spectrum, when the sun
is low down—so that its light has to traverse the denser
strata of the atmosphere. It remained however to show that
these lines were produced by the atmosphere of Mars, and
not by that of our own earth. This Mr. Huggins effected in
the following manner:—The moon was, at the hour of ob-
servation, somewhat lower down than Mars, so that if the
lines were due to the absorptive effects of our atmosphere,
they should have been more distinctly marked in the spec-

¥ 2
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trum of the lunar light than in that of the light from Mars.
But when the spectroscope was directed to the moon these
lines were not visible, thus conclusively proving that the
lines were caused by the absorptive action of the Martial
atmosphere. Mr. Huggins noticed in confirmation of this
that the lines seemed more distinct in the light from the
margin of the disc, but he was not quite certain on this
point.

This observation proves the presence of aqueous vapour
in the atmosphere of Mars, since the lines in question have
been shown to be caused, in the case of our atmosphere, by
the vapour of water.

From the spectroscopic analysis of the darker portions of
the disc of Mars, Mr. Huggins was led to the conclusion
that these parts are neutral or nearly so in colour.

He considers also that the ruddy colour of Mars is not due
to the effects of the planet’s atmosphere. Indeed, this seems
almost obvious when we consider that the polar spots look
perfectly white, or at least show not the slightest tinge of
red, although, being situated upon the edge of the disc, they
should exhibit the effects of the atmosphere’s absorptive
powers more strongly than the central parts of the disc,
where the light has passed through a much smaller range
of atmosphere. Clearly we may look upon the red colour of
parts of Mars as due to the nature of the planet’s soil.

Abridged from Papers in the Popular Science Review for January 1867
and January 1869.
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SATURN'S RINGS.

THERE i8 no object in the heavens which is so well calcu-
lated to exeite our admiration as the planet Saturn, when
observed with a good telescope. The nebule exhibit to us
systems which are in reality incomparably more magnificent.
The double stars, rightly understood—and especially those
binary systems whose periods extend over many hundreds of
years—afford stronger evidence of the grand scale on which
the universe is created. But the evidence which Saturn
affords is more readily appreciated. The mind must be
dull, indeed, which does not recogmise at once, in the
splendid architecture of the Saturnian system, the fashioning
power of the great laws which the Creator has set His
universe. The beauty of the system, the perfect regularity
of the gigantic rings, the delicate varieties of colour which
the practised observer can detect both in the planet and its
attendant ring-system, and the magnificent scale on which
all these features of interest are exhibited, attract and
impress the attention; while the singular problems sug-
gested by the stability of the rings, or still more by the
slow processes of change to which they appear to be
subjected, invite the exercise of the fullest powers of the
observer and of the mathematician.

I propose now to consider some of the discoveries which
have been recently made respecting Saturn’s ring-system,
and to suggest some processes of observation which, if well
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carried out, might afford valuable information on the
subject of the rings.

I shall assume a knowledge on the reader’s part of all
those features of the Saturnian system which are usually
described in treatises on astronomy. Nor shall I enter at
any length into the circumstances which have led astro-
nomers to recognise, in the system of rings, the presence of
a multitude of discrete particles or minute satellites, re-
volving for the most part in one plane around the globe of
the planet. I must make one or two preliminary remarks
on this interesting hypothesis, however, lest some portions
of what follows should not seem intelligible to those who
may not happen to be familiar with the views now received.

It bad been ehown, by Laplace, that the stability of the
motion of such rings as were supposed to surround Saturn
could only be maintained by a considerable over-weighting of
one portion of each ring, and an equally remarkable eccen-
tricity of position. Later astronomers, admitting this view
as the basis of their inquiry, came to the conclusion that
the disturbing action of the satellites might cause a ba-
lancing motion in the ring-system, sufficient at least to
secure stability,—somewhat as the slight motions by which
a rod is balanced in an upright position, although these
motions are severally opposed to the rod’s stability, yet, by
their united effect give to the rod a comparative fixity of
position which the most perfect quiescence of the support
could not secure. These views maintained their ground
until the discovery of the dark ring, and of the strange
fact that the planet’s body could be seen through this
formation without apparent distortion. The discovery of
this ring led to a renewed examination of the problem ; and
finally Professor Maxwell of Cambridge proved, by a most
convincing process of mathematical demonstration, that no
solid ring could by any possibility continue to exist as an
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attendant upon a planet. Either the ring would crumble
into fragments under the influence of the forces to which it
would be subjected, and these fragments would continue to
revolve as a broken ring round the planet; or the ring
would be more completely destroyed, and would be brought
to the planet’s surface. Hence we are forced to conclude
that the rings, though continuous in appearance, consist of
flichts of minute bodies, each travelling on its own orblt
around the planet./

But although to the mathematician capable of following
Professor Maxwell through all the processes of a complicated
proof, the demonstration of the satellite theory of the rings
may seem complete, there can be no doubt that the more
convincing evidence of observation is wanted to bring the
fact home to the mind of the general student. Now we
cannot hope that the most powerful telescopes which man
can construct will suffice to reveal the separate bodies which
form the ring. When the ring’s edge is turned towards us it
appears as an almost evanescent line of light, and doubtless
if its figure had not length as well as breadth, we could not
detect any trace of its existence. Yet there is every reason
to believe that the apparent breadth of that fine line of
lighf is many times larger than the apparent diameter of
any single satellite belonging to the rings. In this way,
then, observation is not likely to help us.

But there is a mode in which evidence might be
gathered respecting the conformation of the rings, by any
observer who had patience to conduct the requisite series of
observations.

If we consider the case of a series of flat rings (whose
thickness may be neglected) “rmed as the rings of Saturn
were once supposed to be, we shall see that the apparent
brilliancy of the rings ought to vary with the amount of
opening. We do not refer to the total amount of light
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received from the ring, but to the apparent brilliancy of
any point upon the system. When a plain surface is
illuminated, the science of optics tells us that the illumina-
tion is proportional to the cosine of the angle of incidence.
In fact, we know from experience that the higher the sun is
above our horizon the greater is the amount of light re-
ceived on the earth’s surface around us. Precisely so would
it be with the rings if they had plane surfaces. And

. further, it is a law of optics that the apparent brilliancy of
any point of a luminous object is equal to the real
brilliancy at that point, whatever may be the distance of
the object, or the angle at which the line of light meets
the surface (neglecting always—what does not here concern
us—the influence of any absorptive medium which may be
interposed between us and the object).

Now, this being so, it is very evident that if the rings
were flat the total amount of light received from them (the
ball being suppoused removed) would be increased, through
two causes, as the rings opened. First, the increased
apparent size of the luminous surface would have an obvious
effect. Owing to this cause the illumination would vary as
the sine of the angle at which the line of light from the
earth is inclined to the plane of the rings. Secondly, the
apparent brilliancy of each point of the ring-system would
be increased as the sine of the angle at which the sun’s
rays are inclined to the plane of the rings. Thus the total
amount of light would increase as the product of these two
sines, or assuming what is commonly the case, that the
earth and sun are almost equally raised above the surface of
the rings, the total amount of light received from the rings
would vary as the square of either sine,

But if the rings consist of a multitude of discrete satel-
lites, there must result a different state of things. Take a
single satellite, and we see at once that so long as the



SATURN’S RINGS. 73

whole of this satellite can be seen we get the same amount
of light from it, whatever the elevation of the sun above
the mean plane of the rings. And though the problem
seems to get somewhat complicated when we consider the
case of a multitude of satellites, yet it will be found, on
examination, that there is no longer the same variation to
be looked for as was shown to exist in the former case,
owing to the sun’s change of elevation. In fact, we have
a case gomewhat resembling that of the moon; the illu-
mination of whose disc has been shown by Zéllner not to
diminish towards the edges according to the varying incli-
nation of the solar rays to the moon’s surface, but rather to
increase ; while calculation has shown the probable reason
to consist in the fact that the moon is not a smooth globe,
but covered with hills and mountains, whose sides are
inclined at greater or less elevations to the mean level of
the lunar surface.

This being so, two means of observation seem available.
First, a definite part of the ring’s width might be compared
with the equatorial bright belt of the planet ; the brilliancy
of that belt being we may assume constant. This method
would probably involve difficulties; but from the success
with which Mr. Browning guaged the relative brilliancy of
different parts of the disc of Jupiter last spring, I have no
reason to doubt that, with suitably prepared and graduated
darkening glasses, the comparison might be satisfactorily
carried out: then the change of brilliancy of the par-
ticular part of the ring examined, as the system gradually
closed, would afford evidence of the nature of that portion
of the ring, according to the principles enunciated above.
Secondly, a process might be applied to Saturn, corre-
sponding to that which Dr. Zollner recently applied to the
planet Mars. By determining the total amount of light
received from Saturn at successive oppositions, and de-
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ducting therefrom that portion which calculation (founded
on the light received from the planet when the ring
disappears) shows to be due to the globe, it would be
possible to determine according to what law the ring
varies in brilliancy as its amount of opening changes, and
thus to determine generally what may be the nature of the
ring’s surface.

The result of the application of spectroscopic analysis to
the rings has been at once interesting and perplexing. The
spectrum of the planet’s light exhibits certain absorption-
lines indicative of the presence of vapour. Now Mr.

uggins has discovered that the same lines are present in
the spectrum of the ring’s light also ; and that, of the two,
the latter spectrum exhibits these dark lines somewhat the
more distinctly. This result is remarkable. It indicates
that the amount of vapour through which the light from
the globe has passed before reaching us is less than the
amount passed through by the light from the rings. We
are accustomed to recognise the probability that the globe
of Saturn is surrounded by an atmosphere proportional in
extent to the enormous volume of the planet. On the
other hand, the small bodies forming the rings, if they had
atmospheres at all, would have vaporous envelopes so
limited in extent, one would suppose—the volume of each
of these satellites being so minute—that the most powerful
spectroscope should fail to reveal any trace of its existence.
Suppoeing them to resemble our own satellite, but on a
much smaller scale, their atmospheres would be a million-
fold too small to produce any distinctive dark lines in the
spectrum of their light. For though the moon is so much
the nearest of all the celestial bodies, her spectrum has no
dark lines other than those belonging to it as formed by
reflected solar light. When we remember that Saturn,
when at his least distance from the earth, is upwards of 820



SATURN’S RINGS. 75

millions of miles from us, or more than 3,000 times farther
from us than the moon is, the visibility of distinctive dark
lines in the spectrum of the ring will appear one of the
most interesting and remarkable results of spectroscopic
research. It would be perplexing in the extreme if we
supposed the rings to be continuous bodies ; but accepting,
as we are bound to do, the theory that they consist of
flights of minute satellites, the result becomes one of the
most surprising that can well be imagined. ’

The explanation I would venture to offer of this strange
phenomenon will, I fear, appear to many unduly speculative,
if even it do not seem opposed to well-known physical
laws. In an appendix to my treatise on Saturn, I have
maintained the view that the moon has so thoroughly
parted with its original internal heat that even the gases
once subsisting on its surface have Leen transformed into the
solid form. I was aware when I so wrote, that at the time
of full moon the hemisphere we see (or a part of that
hemisphere) is subjected to a heat exceeding that of boiling
water. An enormous amount of heat poured in this way
upon the surface of a planet would be rendered latent in
transmuting but a small portion of the solidified gases into
the aérial form, and produce no effects observable to us on
earth; just as the full heat of a tropical summer’s day
poured for hours on the peaks of the Himalayas, produces
no change which the inhabitant of the valleys can perceive,
on the snowy masses lying there. If this view were just,
we should learn to look upon all the satellites throughout
the solar system as in a somewhat similar state to that of
our own moon; and at first sight the members of the
Saturnian rings would appear, on account of their extreme
minuteness, to be of all others those in which the cold
would be most intense. But then a circumstance comes to
be considered which would have an effect the other way.
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It is a part of the theory of the motions of satellite-rings,
that there would be continual collisions among the mem-
bers. I have shown in full, in Chapter V. of my treatise on
Saturn, how these collisions would arise and how they
would operate upon the figure of the ring-system. There
would be a gradual increase of width, chiefly through the
approach of the inner edge of the rings towards the planet ;
and there would also be a tendency to the formation of new
rings within those already formed. But the true signifi-
cance of these changes is this, that the whole system must
be continually undergoing a loss of vis viva. Every col-
lision involves such a loss, and the increase in the width
of the system is in a sense a measure of the amount of loss.
But this increase of width, though indicating, does not
compensate for, the loss of vis viva. There is only one
way in which the loss can be compensated, and that way
is indicated in a passing manner, in a note at p. 126 of my
treatise on Saturn. There must be a continual generation
of heat corresponding exactly to the loss of vis viva. Now
this heat must tend to render the condition of all the
satellites of the system very different from that of one of
the ordinary attendants upon a planet. For all must
partake in the distribution of this heat; because it is
absolutely impossible that any single satellite can have an
orbit which, even for a few hours, can keep it free from
collision with one or more of its fellows. Thus every
satellite is kept warm, so to speak, by a process of continual
friction, and no such process of refrigeration as I conceive
to have taken place upon the moon, can come into opera-
tion upon the satellites forming Saturn’s rings. Nay, it
may well be that the heat of these bodies is very much
greater than the mean heat of our earth’s surface. For
processes of collision fully equal to the generation of such
heat might be in operation without appreciably affecting
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the apparent width of the ring-system. And certainly the
present appearance of the dark ring is such as to encourage
the view that sufficiently rapid changes are in progress.

It would follow from these views, that the spectrum of the
ring’s light would exhibit variations corresponding to the
various parts of the ring’s breadth. Of course, there are
already well-marked gradations of light in the spectrum,
because the light is different in different parts of the ring’s .
breadth. But the dark lines I have already spoken of as
distinctive of the ring’s spectrum, ought to be more
distinctly seen in certain parts of the ring on another
account. For there can be little doubt that the central
parts of each ring are those at which collisions take place
most frequently between the satellites; and, therefore, if
the cause I have been considering is really in operation, the
dark lines ought to be seen best in those parts of the
spectrum’s width which correspond to the central portions of
the rings. The observation might be worth making, though
it would be one of great difficulty and delicacy.

Some recent researches by Professor Kirkwood, of Illinois,
have supplied an interesting and sound proof of the real
structure of the rings. They are particularly interesting to
myself, as affording an unexpected proof of a view I had
put forward some time since which had seemed to some to
be more imaginative than well-founded. In the preface to
my treatise on Saturn, I had said that possibly we may yet
detect in the Saturnian rings the indications of those
processes by which the solar system had reached its present
state. Now Professor Kirkwood’s researches tend directly
to establish such a relation.

! He had shown that when the asteroids are arranged in
the order of their mean distances, certain well-marked gaps
are observable, and that these gaps correspond to those
mean distances which would give periods commensurable
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with the period of Jupiter. We know that when a planet
has a period very nearly commensurable (according to some
simple relation) with the period of a neighbouring planet,
the two bodies disturb each other much more effectively
than they would if there were no such relation. If one of
the planets be much larger than the other, far the larger
part of the disturbance falls upon the motions of the
smaller planet. Saturn, for example, had long since been
noticed as having his motions affected by a very remarkable
inequality ; and the search for a cause resulted in the
discovery that the peculiarity is due to the relation existing
between the motions of Saturn and Jupiter, by which twe
revolutions of the former planet are accomplished in about
the same time as five of the latter. The disturbance falls
principally on Saturn, as being so much the smaller of the
two bodies. And as the asteroids are exceedingly minute
when compared with Jupiter, it is evident that those
members of the system which had periods commensurable
with his would be very largely disturbed, and so come
to have another period. Thus we can understand the fact
that there should be no asteroids at those particular mean
distances from the sun which correspond to the particular
periods in question.

But it is clear that if there were any possibility of
doubting the fact that the asteroids form a zome of dis-
connected bodies, the circumstance established by Professor
Kirkwood would prove that fact. 1If, then, we can trace in
the Saturnian ring-system any.signs of the action of similar

f processes, we shall have an independent and perfect proof
| that the rings are not continuous, but composed of discrete
{ satellites. Now this is precisely what Professor Kirkwood
has been able to do. He has shown that a small satellite
revolving in the space between the outer and inner rings—
that is, travelling around the black division—would have a
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period commensurable not merely with that of the neigh-
bouring Saturnian satellite, Enceladus, but with those of
all the four inner satellites. It remains absolutely certain,
therefore, that the ring is composed of bodies moving freely
in definite orbits. And, further, those who agree with me
in accepting the nebular hypothesis (or a modification of it)
as truly representing the mode in which the solar system
reached its present condition, will see, in the law established
by Professor Kirkwood, the action of one of the processes
which must have been most effective in the formation of
our system. m

This paper would be incomplete if I did not refer to the
information which Mr. Browning, F.R.A.S., has recently
obtained respecting the variety of colours observable in the
Saturnian system. I had never been able to recognise any
well-marked signs of colour on Saturn with a four-inch
achromatic refractor.* But not only has Mr. Browning
himself been able to detect a variety of tints with his large
reflector, but I have seen a letter from an observer (using
a similar but smaller instrument) who refers to the same
tints. These tints are thus compared by Mr. Browning
with the well-known colours of the paint-box :—

¢‘The rings yellow-ochre, shaded with the same and sepia.
The globe yellow-ochre and brown madder, orange and
purple, shaded with sepia. The crape-ring, purple madder
and sepia. The great division in the rings, sepia. The
pole and the narrow belts, situated near to it on the globe,
pale cobalt blue. These tints are the nearest I could find
to represent those seen on the planet, bnt there is a
muddiness about all terrestrial colours, when compared
with the colour of the objects seen in the skies. These

* It must be remembered that small apertures are more fuvourable, as a rule,
for the exhibition of colour than large ones. In the case of Saturn, perhaps,
the rule should rather be, ‘ large apertures and high powers.’
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colours could not be seen in their brilliancy and purity,
unless we could dip our pencil in a rainbow, and trans-
Jfer the prismatic tints to our paper.

With reference to these interesting and graphic remarks,
it must be pointed out that we might reasonably be dis-
posed to refer phenomena so new and so remarkable to
some peculiarity either of the telescope or of the ob-
server’s vision, were it not that the observed blueness of
the polar regions at once negatives such a supposition. I
cannot but think the evidence thus afforded of the adapta-
bility of reflectors to delicate chromatic studies singularly
striking and convincing.

The shadow of the planet on the ring (see frontispiece)
is an interesting subject of observation. Singular and as
yet little understood peculiarities of form have been ex-
hibited by this shadow. The contrast between the blackness
of the shadow and the colour of the so-called black division
between the rings, is also well worth noticing. If any
doubt could remain respecting the constitution of the rings,
no argument could be more effectually used in favour of
the satellite theory than that drawn from the fact that
the division between the rings is not vacant, but occupied
by some entity or other which supplies a faint but readily
detected light. I cannot conceive what reasonable theory
could be urged in explanation of this peculiarity, save that
some minute bodies are travelling within the dark division.

Popular Science Review for July 1869.
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SATURN'S SQUARE-SHOULDERED ASPECT.

InsTaNcEs have been given of optical illusions affecting
our estimate of the relative size of figures placed in par-
ticular positions with respect to each other. In the figure
accompanying this article a somewhat similar illusion affect~
ing shape is illustrated; the lines AB and B C, whicn
appear to have a decided curvature, being in reality
straight lines.

In figures constructed on a larger scale, and with con-
centric circles closer together (in proportion), the deception
is still greater; and it is remarkable tkat the illusion is
increased by drawing equidistant lines radiating from the
centre of the concentric circles. I notice, also, that a want
of symmetry in the drawing seems to destroy the illusion.

The deception struck me as remarkably perfect in the
case in which I first observed it. I had drawn the meri-
dians and parallels for a polar star-map on the equidistant
projection, to the scale of an 18-inch globe—the parallels
to every degree, and the meridians, from the 20th parallel
of N. P. D. to the bounding parallel (N. P. D. 37° 23") of
the map, also to every degree. Thus the map formed a
circle 11§ inches in radius, with 37 concentric circles
crossed by 360 radiating lines, drawn with as much uni-
formity as possible. Now, before marking in stars, I wished,

¢
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as a matter of curiosity, to determine the exact figure, on
the equidistant projection, of the spherical pentagon which
in my gnomonic maps appears as & true pentagon. I ac-
cordingly drew in, in pencil, first the inscribed pentagon,
and then (through points determined by their known R. A.’s
and N. P. D.’s) the five curved sides of the figure I required.
Thus the sides of the true pentagon formed chords of the
five sides of a curvilinear pentagon outside the true one.
But now I could scarcely persuade myself that I had not by
mistake drawn the convexities of the curves the wrong way;
in other words, that the curvilinear pentagon I had drawn
was not a true pentagon, and its sides the chords of a curvi-
linear pentagon inside the true one. I had, in fact, to take
a tracing of the curvilinear pentagon before I could form a
satisfactory conception of its real shape.

This illusion seems to have a direct bearing on the ques-
tion of the square-shouldered figure sometimes assumed by
Saturn. We see that a series of concentric, similar, and
symmetrically disposed curved lines give to a straight line
crossing them an appearance of curvature in a direction
opposite to that of the curved lines. Hence a line drawn
with a certain slight curvature in the same direction as the
curvature of the concentric lines would appear straight, and
a line with a greater curvature would appear to have its
curvature diminished. Further, if such a line were con-
tinued beyond the concentric lines, the alteration of curva-
ture would disappear at a short distance from the concentric
lines. Hence i’s observation of the flattening of Saturn’s
equator, and his determination of a maximum diameter and
curvature at latitude 43° (not far from the apparent inter-
section of the ring’s outer boundary with the outline of the
disc), seems to be satisfactorily explained. Yet it cannot
be denied that there are grave ohjections to the optical
explanation of the phenomenon. One would expect that
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the illusion would be perceptible in pictures of Saturn ;
that it would be always observable ; or, if it be supposed to
depend on the extent to which the rings are open, that it
would always be noticed when the rings are open to a parti-
cular extent; that it would disappear when the rings are
closed; that it would not affect micrometrical measurement
—or, if it affected measurement in one case, that it would
do so in all cases. A perusal of the evidence contained
in the second edition of my ¢ Other Worlds’ (pp. 161-165)
will suffice to show that not ome of these conditions is ful-
filled.

I venture with great diffidence to offer some considera-
tions which seem to point to a different solution of the
difficulty.

If we assumed, either that the atmospheres bear any
proportion to the masses of planets, or that any provision is
made by increased depth of atmosphere for diminution of
solar heat, we might fairly suppose that the height of
Saturn’s atmosphere is nine or ten times as great as that of
our own atmosphere. Now the earth’s atmosphere has been
supposed to extend to a height of from 100 to 150 miles
(Nichol’s ¢ Cyclopedia of the Physical Sciences,’ Art. ¢ At-
mosphere’); but taking the more moderate estimate of
fifty miles, the height of Saturn’s atmosphere might be
assumed to be from 450 to 500 miles.* Our positive evi-
dence is mnot, perhaps, very strong. The circumstance that
the constitution of an atmosphere so far removed admits of
determination by spectrum-analysis seems to indicate that
the height of the atmosphere must be considerable. Mr.
Grover’s observation of a penumbra surrounding the planet’s
shadow on the ring (¢ Astronomical Register’ for August
1865, p. 212), ¢always noticed’ even with the moderate

# Schrdter estimated the huight of the atmosphere of Ceres at 668 miles (!);
a result which can hardly be considered as established.

o2
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telescopic power applied by this observer, also points to the
existence of a strongly refractive atmosphere. Herschel’s
observation of a remarkable retardation of the occultations
of Mimas and Enceladus has not been confirmed; but,
perhaps, this is hardly to be wondered at. There are not
ten telescopes in the world capable of following these two
satellites up to the moment of their disappearance, and
since the date of Herschel’s observation there have only
been five intervals, each of a few weeks only, during which
the observation has been possible. It is true that where
the farther part of the ring appears to meet the disc at an
acute angle, its outline should be distorted if the planet
has a refractive atmosphere ; but it is easy to see that the
distortion would scarcely be appreciable even with the most
powerful instruments, and Mr. Grover’s observation above
recorded is sufficient to show that details observable with
very moderate powers may for a long time escape observa-
tion. It will be presently seen that I am not here losing
sight of the evidence pointing to a reflective power possessed
at times and in certain latitudes by Saturn’s atmosphere.
Now it has been observed by Professor Challis,* that the
atmospheres of planets must have certain definite limits,
since ‘the density continually decreasing with the height,
a point must at length be reached at which the upward
repulsive force of an atmospheric stratum is just equal to
the force of gravity; in which case there can be no down-
ward repulsive force, and therefore no further extension of
the atmosphere.’ And he considers that the effect of an
atmosphere on our estimate of a planet’s diameter will de-
pend on ¢the relation between the gradation of density of
the atmospheric strata and the curvature of the globe.’

* In an article on the ‘ Indications, by Phenomena, of Atmospheres to the
Sun, Moon, and Planets,’ Notices of the Astronomical Society, vol. xxiii., pp.
230-238, .
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This relation may be such that a ray would ¢ pass through
the atmosphere in a course which grazes, or is a tangent
to, the interior globe;’ or else, that rays could not reach
¢the surface of the globe in a direction making with it an
angle less than’a certain limiting angle. In the first case
the apparent diameter would ¢ most probably not be sen-
sibly increased ;’ in the second, ¢ the increase would be the
angle which the whole height of the atmosphere subtends
at the earth’ Now it is clearly possible that the atmo-
sphere of a planet might in general exhibit one of these
relations, but for a season might present the other, either
over the whole planet or in certain latitudes only. And
we have distinct evidence that Saturn’s atmosphere is of
variable refractive power: for whereas in nearly all pictures
of Saturn, and notably in Mr. De la Rue’s admirable en-
gravings, the disc is darker at the edges than at the centre,
go that this may be supposed to be the general appearance
of the planet, the contrary appearance was presented in one
instance to Bond II., and in another to Chacornac. Now it
is perfectly clear that, if for a season the atmosphere over
certain latitudes assumed the second state described by
Professor Challis, while the remaining part was in the
former—which we may be perhaps justified in calling the
normal state—an apparent irregularity of figure would
result. The outline of the disc would correspond in the
former latitude to the upper limits of the atmosphere, in
the latter to the limit of the interior globe; and we may
suppose that in the intermediate latitudes the outline
would pass from one limit to the other by indefinite gra-
dations. There are reasons also for supposing that the
¢ reflective state’ would be more commonly assumed in
Saturn’s temperate zones than near his equator or poles.
For the causes to which our trade-winds are due are ex-
aggerated in the case of Saturn. Now Sir J. Herschel thus
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describes the circulation of our atmosphere :—* In each hemi-
sphere inferior currents of air run in on both sides towards
the equator, and superior ones set outwards, all around the
globe, from the equator towards the poles.” It is quite clear
that neither near the poles nor near the equator, from or
towards which these opposite currents tend, is it likely
that there will be that tendency to stratification of the
atmosphere into layers of variable density which favours the
¢ reflective state.” On the other hand, this state may be
expected to occur—not commonly, indeed, but occasionally
—in the temperate zones, where these currents attain their
greatest velocity and steadiness of motion.

It need scarcely be remarked that an apparent difference
of level of 500 or 600 miles in latitude 40° or 45° would be
fully sufficient to account for Saturn’s ¢ square-shouldered’
figure ; but there are reasons for supposing that the height
of Saturn’s atmosphere in these latitudes exceeds the mean
height. For it is found that barometric pressure attains its
greatest value in the temperate zones; and although this
phenomenon has never been fully accounted for, it appears
highly probable that it is due to the rotation and figure of-
the earth ; and therefore it seems probable that, in a planet
of the figure, dimensions, and rapid axial rotation of Saturn,
the excess of atmospheric pressure in the temperate zones
would be still more marked.

It would be interesting to examine whether the square-
shouldered figure seems to be connected with the occurrence
of changes in the configuration of the Saturnian belts, or
whether it is only assumed when the belts have remained for
a long time in the same, or nearly the same position.

Intellectual Observer for August 1866.
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THE PLANET SATURN.

THE planet Saturn now (1870) presents his most interesting
aspect. As he sweeps around his widely-extended orbit,
occupying nearly thirty years in circling once around the
sun, that mysterious ring-system which distinguishes him
from all the orbs of heaven twice attains its widest opening.
Fifteen years ago the southern surface of the rings was so
much tilted towards the earth that its farthest part could be
seen above the globe of Saturn. Then gradually as Saturn
swept onwards towards the equinoctial points of his orbit,
the rings became more and more foreshortened, until in 1862
their edge was turned towards us. After that the northern
face became visible; and during all the years which have
elapsed since 1862 this face has become more and more
fully turned towards us, until now, as in 1856, the outline
of the planet’s globe lies wholly within the outline of the
ring-system’s outer boundary.

It was while the southern surface of the ring-system was
turned as fully towards us as now the northern surface is,
that the dusky, slate-tinted inner ring was discovered inde-
pendently by Bond in America and Dawes in England. At
that time, too, the signs of divisions in the ring-system were
clearly recognised by many observers. It may well be that
the present wide opening of the ring-system will be studied
with scarcely less interesting results by those observers who
possess adequate telescopic appliances ; though, on the other
hand, it is far from improbable that the low altitude which
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the planet now attains above the horizon will deter observers
in our northern latitudes from studying Saturn so atten-
tively as they otherwise would. Be this as it may, the
present aspect of the planet is full of interest to the thought-
ful. Much has been learned respecting Saturn during the
last twenty years, and there can be little doubt that, inde-
pendently of fresh discoveries, we may find much to reward
us in the careful consideration of what has been so recently
brought to our knowledge.

And here I may be permitted to remark, in passing, that
it sometimes seems to me as though the astronomers of our
day were apt to let the full significance of observed facts
escape their notice. In the continual search for fresh
knowledge, that which has been already obtained is some-
times neglected. Our observers are so industrious and
skilful that new facts are being accumulated with un-
exampled rapidity. But it is getting a little out of fashion
in the present day to dwell thoughtfully on past observa-
tions, insomuch that I feel it almost necessary to apologise
for inviting attention to observations which were made many
years since.

Yet to anyone who thoroughly grasps what astronomy
teaches us about the ringed planet, how impossible it seems
to exhaust the subject by any amount of study. That
wonderful orb, circled about by the mighty mechanism of
the ring-system, and the centre of a scheme of dependent
globes equalling in number the primary planets of the solar
system, may worthily employ many hours and days, nay,
many months and years, of thoughtful study. The more we
consider the subject, indeed, the more amazing and in-
explicable the economy of Saturn’s system seems to become.
I can, at least for my own part, assert that I have never
directed my thoughts afresh to the relations he presents
without some hitherto unnoticed peculiarity attracting my
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attention. I propose now to touch on one or two points
which have not yet, so far as I know, been dealt with by
astronomers, and which seem to throw light on the physical
constitution of this mighty orb and his fellow giants,
Jupiter, Uranus, and Neptune.

Regarding Saturn either with a powerful microscope, or
as presented in the admirable drawings recently taken by
De la Rue, Browning, and others, it seems natural to inquire
what signs the planet’s disc presents of those peculiarities
which would characterise our own earth, could we see it
from Venus or Mercury with suitable telescopic power.
Setting on one side for the moment the division of the
earth’s surface into large tracts of land and water, there are
two most important relations which could hardly fail to be
distinctly recognisable—I refer to the progress first of the
day, and secondly of the year. To the astronomer, con-
templating our earth from Venus or Mercury, it would be
no difficult task to trace certain changes characterising the
advance of day and the coming on of evening, in certain
parts of the earth at least; while in a yet more distinct
manner, supposing him to watch our earth, day after day,
through the entire circle of the year, he would recognise the
effects of the alternation from summer to winter in either
hemisphere. If Saturn resemble our earth in having the
sun as the chief ruler of his days and seasons, we may look
in his case, also, for some traces of similar relations.

Let us now carefully consider what we might expect to
find, and then inquire what the telescope actually reveals
to us. '

As regards the progress of day upon the earth, a dis-
tinction must be drawn between the temperate regions and
the torrid zome. Undoubtedly even in our own latitudes
we may recognise day after day in summer, often for weeks
together, the formation of clouds during the morning hours,
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their gradual increase up to a certain hour, and their
subsidence (accompanied by a change in their form and
structure) towards evening. Supposing for a moment that
this took place at all stations in our latitude, then our
imagined astronomer in Venus or Mercury would recognise
in that latitude-zone corresponding peculiarities. Close by
the edge of the disc towards the west, he would be able to
see the actual surface of the earth in those latitudes; the
sky being still clear during the early morning hours in
progress there. Casting his eye along the zone towards the
east, he would find the zone grow whiter and whiter up to a
part somewhdt to the east of the middle point. This
whitest part would correspond to the region where clouds
were most numerous. Farther east the zone would still be
whitish, and that to the very edge, since the clouds raised
in the daytime (during such weather as we have been con-
sidering) do not disappear before sunset, but sink down like
a pall upon the earth. ‘

But, as I have said, it is not in temperate regions that
the most marked diurnal changes are recognised. Let us
consider the ordinary peculiarities of the equatorial day, or
rather of the day in those regions of the earth where the
sun passes almost to the zenith (the point vertically over-
head) at noon-day. This is the region of greatest heat, and
north and south of it lies the region of the trade-winds.
Now let us hear what meteorologists have to say respecting
the condition of the atmosphere, as regards the presence or
absence of clouds during the day, in this region. ¢In all
places where the trade-wind blows constantly, Kaemtz
remarks, ¢it does not rain ; the sky is always serene; but it
often rains in the region of calms. The ascending current
(caused by the intense heat here) draws with it a mass of
vapours, which condense as soon as they arrive at the line of .
junction between the upper and the lower trade-winds.
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The sun almost always rises in a clear sky : towards mid-
day isolated clouds appear, which pour out prodigious
quantities of rain. These showers are accompanied by
violent gales. Towards evening the clouds dissipate, and
when the sun sets the sky is perfectly clear’ Buchan, in
his excellent ¢ Handibook of Meteorology,’ similarly describes
the progress of the weather changes during a day in the
calm regions. He adds that the daily rains of the belt of
calms are to some extent analogous in their origin and
causes to the formation of the cumulus cloud of témperate
climates.

Now let us particularly note the position of a place where
one of these diurnal rain-storms is commencing. Up to mid-
day the sky has been relatively clear ; the sun has passed
nearly to the point overhead before the clouds gather,
and he is actually overhead at noon when the whole sky is
covered with black clouds. So that if anyone could take up
a station where the illuminated hemisphere of the earth
at that moment was fully turned towards him, the very
centre of that disc would be the place where this‘state of
things prevails. There, then, he would see the bright light
indicating that the spot was cloud-covered—he would see ‘the
silver lining’ of the black clouds which at the moment are
pouring down their contents upon the portion of the earth
concealed from him. But now let us suppose that he had
watched this region of the earth from the early morning
hours until it thus became concealed by clouds. It would
come into view on the western side of the disc, and then
travel across the disc (either in a straight line or along
a curved path, according to the season) until it reached the
centre. All this time it would grow less and less distinct,
and when actually at the centre would be lost to sight under
heavy clouds. But, still following its course towards the
eastern side of the disc, our imaginary observer would see
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the bright light from the clouds grow fainter and fainter
until, some time before reaching the edge of the disc, the
region of the earth he had watched at first would reappear,
—for we have seen that the skies clear up towards evening.

But what is true of one spot in this latitude is true
of others. Every spot coming into view in the west would
be clear of clouds, every spot crossing the middle of the disc
would be hidden, and, finally, every spot passing off the disc
on the east would be clear again. It is perfectly obvious,
then, that the zone along which the &pots lie would always
present to our observer the same general aspect. This
terrestrial zone of calms, which has been compared with the
equatorial bright belt of Saturn, would appear to the
observer dusky towards the west, where the earth’s duller
hues are seen through it; bright in the middle, where
clouds reflecting white light are gathered over it; and to-
wards the east of the disc the brightness would gradually
diminish, until close by the eastern edge the dusky light
seen in the western half would reappear. These peculiarities
of appearance would be rendered all the more marked by
the circumstance that the central part of the disc is illu-
minated more brightly by the sun than the parts near the
edge.

We turn now to Saturn and inquire whether his equa-
torial bright zone presents these peculiarities. We might
expect that a zone so bright and conspicuous as to be visible
in a telescope of tolerable power—that is a telescope such
as would be found in any well-appointed observatory—would
exhibit some such characteristics as have been described.
Assuming this belt to consist of sun-raised clouds, we might
fairly look for signs of the progress of the Saturnian day,
for the characteristics, in fact, of the morning, noon, and
evening sky of the Saturnians. Nay, remembering how
rapidly Saturn rotates, we might expect to find a more
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marked difference between the morning and the afternoon
portions of his cloud-zone; since a part of the planet’s
surface sweeps through a more considerable portion of its
daily circuit in any given period, than a corresponding part
of the earth’s surface.

We may well be surprised, then, to learn that the great
equatorial bright belt of Saturn is absolutely umiform in
light and texture except in parts so close by the edge of the
disc that a difference of aspect is obviously referable to fore-
shortening alome. Not the slightest trace has ever been
discerned of any peculiarities indicating the aggregation of
clouds over the equatorial zone of the planet as the Saturnian
day progresses!

It would almost seem to follow from this fact alone
that the Saturnian cloud-belts are not raised by the sun’s
action.

Let us inquire, however, whether seasonal changes are
more marked than diurnal ones. Since the Saturnian
year lasts for about twenty-nine of our terrestrial years, it
should follow that seasonal changes would proceed much
more steadily and certainly. We have to consider what
those changes would be in the case of our earth, and then to
inquire whether any corresponding variations are discernible
in the aspect of Saturn.

Again, I prefer to limit the consideration of annual pro-
cesses of change to the tropical regions, where a regularity
of variation prevails which is wanting in the temperate
zones. It is further convenient to consider these regions
because we have already examined one marked peculiarity
of the tropical day, and shall thus be prepared to deal with
a closely related peculiarity of the tropical year.

We have seen that a heavy daily rainfall takes place in
that particular latitude on our earth where the sun is over-
head at noon. Now the position of this latitude obviously
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changes during the course of the year. In spring the
equator is the region of greatest midday heat. After
spring the latitude of greatest heat approaches us, and at
midsummer the sun is vertical at noon in all places lying
23} degrees north of the equator. After midsummer, the
region of greatest midday heat withdraws from us, and at
the autumnal equinox it again coincides with the equator.
After autumn the latitude of greatest heat passes south oft
the equator, reaching its greatest southerly digression at
midwinter. And finally after midwinter the region of
greatest midday heat returns to the equator, which it
reaches at the vernal equinox.

But we must assure ourselves that the weather changes
correspond to these relations; for it might be that the ex-
istence of a calm zone was a peculiarity not wholly depend-
ing on the position of the midday sun. I might quote
numerous authorities to show how the zone of calms in
reality follows the sun, but will limit myself to two. Buchan,
to whom I have already referred (as regards the progress of
the diurnal changes in the calm zone), writes thus respect-
ing the nature of that zone and the annual changes in its
position :—

¢ The region of calms is a belt of about 4° or 5° in breadth,!
stretching across the Atlantic and the Pacific, generally
parallel to the equator. It is marked by a lower atmo-
“spheric pressure than obtains to the north and to the south
of it in the regions traversed by the trade-winds. It is also
characterised by the daily occurrence of heavy rains and
severe thunderstorms. The position of the calms varies
with the sun, reaching its most northern limit (25° north
latitude) in July, and its most southern (25° south latitude)
in January.’

The other passage I propose to quote is from Captain
Maury’s charming work, the ¢ Physical Geography of the Sea.’
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The passage is interesting as indicating the office which the
calm zone seems to fulfil in the economy of the earth.

¢ After having croseed the cloud-ring (says Maury) the
" attentive navigator may perceive how this belt of clouds, by
screening those parallels over which he may have found it
to hang, from the sun’s rays, not only promotes the precipi-
tation which takes place within these parallels at certain
periods, but how also the rains are made to change the
places on which they are to fall; and how by travelling with.
the calm belt of the equator up and down the earth this
cloud-ring shifts the surface from which the heating rays of
the sun are to be excluded ; and how by this operation tone
is given to the atmospherical circulation of the world, and
vigour to its vegetation. Having travelled with the calm
belt to the north or south, the cloud-ring leaves a clear sky
about the equator; the rays of the torrid sun then pour
down upon the solid crust of the earth there, and raise its
temperature to a scorching heat. The atmosphere dances,
and the air is seen trembling in ascending and descending
columns, with busy eagerness to conduct the heat off and
deliver it to the regions aloft, where it is required to give
dynamical force to the air in its general channels of circula-
‘tion. The dry season continues; the sun is vertical; and,
finally, the earth becomes parched and dry; the heat accu-
mulates faster than the air can carry it away; the plants
begin to wither, and the animals to perish. Then comes
the mitigating cloud-ring. The burning rays of the sun are
intercepted by it ; the place for the absorption and reflection
and the delivery to the atmosphere of the solar heat is
changed ; it is transferred from the upper surface of the
earth to the upper surface of the clouds.”

This series of changes is not only most important to the
inhabitants of the earth, but it is of such a character that.
any observer able to watch the earth throughout the whole
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course of a year, as we watch the planet Saturn, could not
fail to become readily cognisant of it. The actual range
over which the central line of the calm zone oscillates
northwards and southwards is forty-seven degrees (Buchan’s
numbers referring to the extreme northerly and southerly
limits of the zone). Now if a globe be placed at some con-
siderable distance from the eye, and an arc of forty-seven
degrees marked on the globe is so placed that its middle -
point seems to occupy the middle of the disc presented by
the globe, then the apparent length of the arc will be as
nearly as possible two-fifths of the globe’s diameter; so that
the actual range of the calm ‘zone viewed as we have ima-
gined would correspond to no inconsiderable portion of the
earth's apparent diameter. Only it is necessary to remember
that if our observer always viewed the earth so as to see the
whole of her illuminated hemisphere, then the calm zone
would always cross the centre of the disc. Near either
equinox, it would appear as a straight line across the centre.
In July it would appear as somewhat more than half an
ellipse, the two ends bowed upwards, and the middle point
of the arc (which would correspond to an extremity of the
shorter axis of the ellipse) coinciding with the centre of the
disc. In January the calm zone would have the same figure
as in July, only the two ends of the elliptic arc would be
turned downwards. The curvature of the arc would be, for
the reasons above alleged, most obvious; in fact the lesser
axis of the complete ellipse would be two-fifths of the
greater.

Applying these considerations to the case of Saturn, on
the supposition that his equatorial bright belt corresponds
to the calm zone of the earth, we may expect to find an even
more marked change of appearance in this belt than we have
inferred in the case of the earth’s calm zone. For the inclina-
tion of the earth’s equator-plane to the path in which she
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travels is but twenty-three and a half degrees ; the cotre-
sponding inclination in the case of Saturn is nearly twenty-
seven degrees. It will obviously be so much the easier to
infer whether the belt exhibits those peculiarities which
corréspond to the theory that it is due to solar influences.
Now the bright belt on Saturn does change-in its apparent
shape (precisely as the Saturnian rings do) in the course of
a Saturnian year. 'At the present time, for instance, the
bright belt, seen in an ordinary astronomical (inverting)
telescope, is bowed very obviously, with its convexity up-
wards. But instead of the central line of the belt passing
across the centre of Saturn’s disc, it has precisely the position
which Saturn’s equator, if marked as a line upon the surface
of the planet, would seem to occupy. In other words, the
central line forms a half ellipse, the middle of whose greater
axis occupies the centre of Saturn’s disc, instead of the
extremity of the lesser axis being at that point. The bright
belt is in fact, as its name implies, equatorial, now, during
the summer of Saturn’s northern hemisphere ; whereas the
calm zone of the earth at the corresponding season is not
equatorial, but coincides with the Tropic of Cancer. .
" Here again, then, we have very clear and positive evidence
against the theory that this Saturnian belt at any rate is due
to solar action.

. It is also worthy of remark that the evidence is not
affected whatever opinion we may form as to the general
uniformity .or diversity of the surface of Saturn. If the
surface of Saturn be diversified, then the constancy and
uniformity of the equatorial belt become so much the more.
‘surptising;' if, on the other hand, the surface of Saturn is
very uniform, then those seasonal changes which we have
considered ought to proceed so much the more regularly.
On the earth they are interrupted, as we know, in certain
places, owing to the configuration of oceans and continents;

H
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and monsoon weather-changes repluce the systematic pro-
gression observed elsewhere. But the very uniformity of
the bright belt on Saturn forbids us to regard such peculi-
arities as available to aid us in interpreting the phenomeua
we have been considering.

It is further noteworthy that an objection which might
have been made to the argument founded on the diurnal
constancy of the Saturnian equatorial belt, is not available
against the argument just dealt with. Saturn is so much
farther from the sun than the earth is, that a certain
sluggishness might be supposed to characterise processes
depending upon the sun’s action ; and therefore it might be
supposed that a cloud-belt, once formed by the sun, would
be carried round by Saturn’s rapid rotation without being
dissipated or in any way modified, whether night or day
prevailed on Saturn. But in the case of the seasonal
changes we have been considering, no such argument can be
admitted ; for whatever view we might form as to the pos-
sible constancy of a cloud-belt during the ten hours of the
Saturnian day, it would clearly be unreasonable to infer
that the seven-yearly seasons (or quarters) of Saturn would
be too short to produce their due effect on the position of
the great cloud-zone. If the sun during his slow passage
northwards and southwards from the celestial equator of
Saturn cannot modify the position of the cloud-zone, it
seems altogether incredible that his action can have been in
any way concerned in the formation of that zone.

Yet further, it is wholly impossible for any thoughtful
student of the Saturnian belts to suppose that the action to
which they are due is of so’inert and sluggish a nature as
would be implied by the supposition just referred to. The
changes which take place in the figure and position of the
dark belts lying on either side of the equatorial bright belt,
are sometimes singularly rapid, especially when account is
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taken of the enormous extent of surface belonging even to
the least of these belts.

For my own part, I confess I cannot but regard these
facts as affording very strong evidence in favour of a theory
to which I had been led by other considerations. If the sun -
is not the agent in producing those cloud-masses which
constitute, we may assume, the bright belts of Saturn, we
must look for the real origin of the belts in some action
exerted by the planet’s own mass. In other words, we seem
led to the consideration that the mass of Saturn is sufficiently
heated to cause currents of vapour to rise continually from
his surface to be condensed into the form of cloud when they
reach the upper regions of his atmosphere. Why such pro-
cesses should take place in certain regions rather than in
others, it would perhaps be difficult to determine. We
know so little at present of the extent, constitution, and
condition of the atmosphere of Saturn, that. it is difficult to
reason as to processes of change, excited by heat whose seat
lies perhaps hundreds of miles beneath the surface visible to
us. It may beremarked, however, that a similar peculiarity
exists in the case of the sun. Indeed, a somewhat surprising
resemblance exists between Saturn and the sun, as regards
many important characteristics. The planet, like the sun,
is of low specific gravity—very far lower than the earth’s ;
as the sun has eight primary attendants, so Saturn has eight
satellites ; and as the sun has his attendant disc of minute
bodies (seen in the zodiacal light), so Saturn has his ring
system, composed, in all probability, of multitudes of minute
satellites travelling in independent orbits around him.* Is

# The theory that Saturn’s rings are thus constituted has been so commonly
attributed to myself of late years that I feel bound to take every opportunity
of disclaiming all eredit whatsoever in the matter. I hold that it has been put
beyond question that the Saturnian rings are neither formed of a continuous
solid nor of a continuous fluid substance, and also that they are not wholly
vaporous. But I have had no part in establishing this result, which is due

B 2
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it not possible that the relation necessary to ‘make the
analogy complete may be actually fulfilled, and that Saturn
is a source when heat is supplied to the orbs which circle
around him? We have seen that reasons exist for regurding
the Saturnian belts as resulting from processes excited by
the planet’s internal heat; and we are thus prepared to
regard less suspiciously than we might otherwise have been
disposed to do, any evidence tending to show that such
processes are of a very remarkable character. The same
forces which can generate belts covering a surface many
times exceeding thé whole surface of our earth in extent,
may also, it is conceivable, produce other effects clearly
recognisable from.our distant station.

It is perhaps ouly after preliminary evidence of this sort
has been adduced, that most astronomers would be ready to
listen even for a moment to such arguments as I have ad-
duced in my treatise on ¢Other Worlds than Ours,’ to show
that the apparent outline of Saturn is liable to change.
Notwithstanding the wonderful caution with - which Sir
William Herschel’s observations were carried on, his unwil-
lingness to accept conclusions even after a long series of
apparently convincing researches, and the clear-sightedness
with which he reasoned out.the interpretation of his obser-
vations, astronomers had agreed to reject (as resulting from
1llusion) the views which he formed respecting the ¢ square-
shouldered aspect’ of Saturn. Bessel’s exquisite measure-
ments of the planet’s disc seemed to show convincingly that

solely to the labours of Bond, Pierce, and Maxwell. I have presented some
of their reasoning in a popular form in my treatise on Saturn, but it is dis-
tinctly presented as their reasoning, not mine. One or two considerations
helping to make the evidence more convincing perhaps to the general reader
are due to me; and in particular the argument founded on the dusky spaces
seen by Bond on the great middle ring. But though this last argament affords
in itself a demonstration that we here see through this apparently continuous
ring, I can take no credit whatever.for demonstrating what had already been

established by the arguments of others. -
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it is not ¢square-shouldered,” but truly elliptical, insomuch
that, as Professor Grant remarks, ¢ no doubt could henceforth
exist that the figure of the planet is that of an oblate sphe-
roid. . . . It isimpossible,’ he adds, ¢ to contemplate Bessel’s
numbers (as compared with what theory required) without a
feeling of admiration of the theory which is capable of re-
sponding so faithfully to the requirements of nature, and of
the exquisite skill displayed by the illustrious astronomer
‘who executed measures so singularly delicate as those above
given, with a success apparently so complete.’

Yet, while fully admitting the justice of these remarks, I
have long felt that Sir William Herschel’s observations of
Saturn’s figure are not to be so summarily dismissed. To
quote words which I wrote five years ago, the astronomer who
¢examined Saturn’s ring for ten years before he would accept
the theory of its being divided, and watched a satellite for
two years before he would pronounce an opinion on its rota-
tion,” was not the man to be misled by illusions, or to make
confident statements without adequate reason. A ¢suspicion’
of either Sir William Herschel’s or Sir John’s would coun-
terbalance with me the most positive assertions of ordinary
astronomers. But in this case it was no suspicion. Let us
hear what Herschel himself says, and we shall be in a posi-
tion to determine whether it is likely that this eminent
observer was deceived by a mere illusion, and that too when
he was in the very zenith of his career as an observer. ¢In
order to have the testimony of all my instruments on the
subject of the structure of the planet Saturn,’ he writes, re-
ferring to the observations made in May 1805, ¢I had pre-
pared the 40-feet reflector for observing it in the meridian.
I used a magnifying power of 360, and saw its form exactly
as I had seen it in the 10- and 20-feet instruments. The
planet is flattened at the poles, but the spheroid which would .
arise from this flattening is modified by some other cause,
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which I suppose to be the flattening of the ring. It ré-
sembles a parallelogram, one side whereof is [parallel to]
the equatorial, the other [to] the polar diameter, with the
four corners rounded off so as to leave both the equatorial
and the polar regions flatter than they would be in a regular
spheroidal figure’ He determined by actual measurement
the position of the protuberant portions which formed the
corners of this ¢square-shouldered’ figure, and placed
them in latitude 434° north and south of the equator. He
measured the amount of the protuberance, making the polar,
equatorial, and maximum diameters as 32, 35-4, and 36.

- He renewed his observations in 1806 with the same result.
But what is most remarkable of all, he observed in 1807
that a change had taken place in the aspect of the planet,
the two polar regions now presenting a different shape, the
northern regions being most flattened, the southern ¢curved
or bulged outwards’ Admiral Smyth remarks that ¢this
singularity was verified by the younger Herschel on June 16
of the year 1807 ; and is, I believe, his first recorded astro-
nomical effort.’

When to the above evidence is added all the evidence re-
corded in my ¢ Other Worlds’; the fact that such observers
as Bond and Airy, using such instruments as the Harvard
refractor (perhaps the finest in the world) and the refractor
of the Greenwich Observatory, huve noticed similar appear-
ances ; and that other practised observersless known to fame
confirm their observations—we can no longer, surely, class
the ¢square-shouldered aspect’ of Saturn among the ¢ myths
of an uncritical period.’ *

Now, assuming that Saturn is liable to occasional changes

* Let me note further that Sir William Herschel's measurement of the com-
pression of Saturn in 1789 ‘has been found,’ Professor Grant tells us, ‘to
accord exactly with that derived from the most recent micrometrical measures
of the axes of the planet.’
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of figure—for undoubtedly his ordinary figure is that of an
oblate spheroid—we have evidence of the existence of forces
of the most amazing character beneath the seemingly quies-
cent zones which we have been accustomed to regard as the
true surface of the ringed planet. We may be doubtful
whether they be forces of upheaval, or whether an intense
heat loads the atmosphere of Saturn from time to time (in
the particular latitudes which seem to bulge outwards so
strangely) with enormous quantities of vapour, to be con-
densed at an exceptionally high level; or whether the
sudden dissipation of cloud-masses existing in other latitudes
causes these peculiarities of appearance. But it is in any
case most certain than an energy—a vitality so to speak—
exists out yonder, which we have hitherto been far from
associating with this distant and dimly lighted world. No
moderate processes of change would suffice to cause the
figure of a planet to vary appreciably when observed from a
distance of some nine hundred millions of miles. As seen
from the satellites, the farthest of which is but a million
and a quarter of miles from Saturn, the planet must appear
the scene of a wondrous turmoil. It is probable, indeed,
that the true substance of the planet, which may be, for
aught we know, absolutely incandescent through the in-
tensity of its heat, is always veiled, even from these relatively

near regions, by the masses of vapour continually thrown off
" to condense into cloud-strata at higher or lower levels. But
the evidences of intemse action can hardly fail to be per-
fectly obvious, even though the actual source of such action
is concealed from view.

Let me remark, in conclusion, that the theory here put
forward is not urged from any desire to exhibit novel or
startling views, but as serving to explain, better than any
other theory I can imagine, a series of observed facts which
cannot judiciously be neglected or forgotten. I have pre-
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ferred to ‘give no consideration whatever to ¢the question
whether the larger planets have or have not as yet cooled
_ down, by radiation, to a sort of normal temperature,’ because
in the present state of our knowledge that question is purely
speculative. - My theory is directed to explain observed
facts: if it happens to throw some light on the question of
the original formation of various members of the solar
system, that is merely by the way; the theory must stand or
fall according as it can be shown to be in agreement or not
with past and future observations.

Fraser's Magazine for September 1870.
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Nore.—The following papers are taken from The Intellectual Observer and
Student for October 1867, November 1868, and October 1869. I believe that
by thus presenting the records of successive years in company with the antici-

. pations formed each year, the interest of the subject is enhanced. Indeed, one
of the most remarkable facts lately learned respecting the November meteors

" is the circumstance, that for so many years.in succession—1866, 1867, 1868,
1869, and 1870—there have bgen important displays. In 1871 none but a few
stragglers of the November system were seen; and it may now be assumed
that no shower of November meteors need be looked for until the year 1899.

THE NOVE’MBER-,SHOOTING STARS.

L

Itis probable that there will be this year [1867] an exhibition
of the November shooting stars, though it is uncertain
whether the phenomenon will be so wel seen in Europe as it
was last year. As a display the shower is not likely to be so
splendid as it was in 1866, since on November 14th of the
present year the moon will be nearly full. However, there
can be no doubt that the November meteors will be looked
for again with great interest, since the discoveries which
have been made respecting the orbit in which they move
have presented them to us in a new aspect. '

When the shower of November last was under discussion,
it was very noteworthy how indistinct were the views of
many persons—I may even say of many astronomers—
respecting the relations of the earth’s globe, as it travelled
onwards rotating in its orbit, to the meteor stream which it
encountered. I do not here refer to the doubt and obscurity
under which the question of the path actually pursued by
the meteors rested at that time. - The investigation of this
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question was one of extreme difficulty, one which taxed—
and not lightly—the powers of the highest modes of mathe-
matical analysis. But many appeared to find considerable
difficulty, or failed altogether, in forming an estimate of the
circumstances under which the meteors became visible to
us. The existence of a ¢radiant point’ from which all the
shooting stars appeared to travel, in whatever part of the
sky they made their appearance, was a phenomenon which
—although in reality it inferred the solution of the problem
of the meteors’ origin—yet presented difficulties to many
observers. The questions thatwere asked and the sugges-
tions that were offered on this and kindred points, were
many and amusing. One observer, noticing the comparative
absence of meteors from the immediate neighbourhood of
the ¢radiant point, suggested in explanation of the pecu-
liarity, that the earth was passing through a sort of tunnel
traversing a bed of meteors; thus in the path along which
the earth travelled there were no meteors or few—previous
passages along the same track having cleared the way—
but many meteors grazed the earth’s atmosphere, the bore
of the tunnel only allowing the solid globe of the earth to
pass freely. And, indeed, the supposition that shooting stars
are only seen when grazing our atmosphere has been com-
monly entertained and expressed even by astronomers of
eminence. Sir John Herschel, for example, speaks of
meteors as ¢ bodies extraneous to our planet, which only
become visible when in the act of grazing our atmosphere.’
The idea, however, is erroneous, as we shall presently see.
Another remarkable question which was asked soon after
the occurrence of the November shower, served still more
clearly to exhibit the indistinctness of the views commonly
held; meteors having been seen at Cape Town at the same
hour (actual time) as in England, it was asked how the same
meteors could be seen in both places, unless they had
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travelled as satellites round the earth? A well-known
chemist, who has lately published a work on meteors, speaks
of the received opinion of the cosmical origin of meteors as,
after all, merely conjectural, and he evidently leans towards
the theory that they are satellites of the earth. Lastly, in
Guillemin’s ¢ Heavens,’ a view is expressed (and illustrated
by an elaborate figure), which is wholly inconsistent with
observed appearances;—the notion, namely, that a single
stream of hodies could give rise to both the November and
August showers.

It is evident, therefore, that there is room for a careful
examination of the actual state of things during the occur-
rence of the November shower. By considering the position
of England on the rotating earth, during the time of the
display, we shall be able to form clear views on this point.

I must first, however, mention briefly the true meaning
of the existence of a ¢radiant point. Once this pheno-
menon is established, all doubt whatever respecting the
cosmical origin of a shooting-star shower disappears. It is
not true that the theory of a cosmical origin is now a con-
jectural one; it is established on a thoroughly firm basis.
The phenomenon of a radiant point proves in fact this, that
the paths in which the meteors intersect our atmosphere
are all parallel in space throughout the time that the
shower is visible. Now the display lasting several hours,
during which the earth moves through a large angle round
her axis of rotation, it is quite clear that the display cannot
have a terrestrial origin, since if it had, the direction of the
shooting stars might be expected to change correspondingly,
and would certainly not change after so artificial a manner
that for several places at once the effects of the earth’s
rotation would be exactly compensated. An equatorial
telescope, for instance, is made by clockwork always to point
to the same star; but we know that no telescope poised
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at random and moved at a random rate would do so.
Just, therefore, as a person seeing the same star for a con-
siderable time through the tube of a telescope, knows cer-
tainly that he is looking through an equatorial rendered
artificially independent of the earth’s rotation—so, seeing
shooting stars moving always from a fizxed point among the
stars, we know for certain that the direction of their motion
is independent of the earth’s rotation, and therefore—there
being no possibility of an artificial arrangement correspond-
ing to that of the equatorial—that the shooting stars come
from external space.” The notion of a lunar origin, and the
satellite theory of meteors, are similarly overthrown, though
indeed, at the present day, no competent person entertains
either of these views, which are, for other reasons, wholly
untenable. When the occurrence of a ¢radiant point’ is
coupled with ¢annual periodicity and independence of geo-
graphical position, referring us at once to the place occupied
by the earth in its annual orbit,’ the most sceptical (or, in
this case, we must say those least able to appreciate the
mathematical demonstration of the meaning of a radiant
point), must be led ¢directly to the conclusion that the
earth is liable to encounters or concurrences with meteor
streams in their progress of circulation round the sun.’

It must be mentioned that the earth’s motions have their
effects upon the apparent motion of bodies moving in space.
The motion of rotation, however, may be neglected in com-
parison with the motion of revolution and the proper motion
of meteoric bodies. Travelling in space, under the sun’s
attraction, it is unlikely that, at the moment of encounter-
ing the earth, they have a less velocity than that due to a
body moving circularly round the sun at the earth’s distance
(a rate very slightly less than the earth’s) and they may have
a velocity nearly half as.great again as this. Between these
values their velocity may be assumed to lie. Further, their
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velocity, relatively to the earth, must lie somewhere in'value
between the sum and difference of their actual velocity
and the earth’s, or between zero and about forty-five miles
per hour; the first value giving the extreme case of meteors
travelling in the same direction, and at the same rate as
the earth ; the second giving the case of meteors travelling
in a parabolic orbit, and encountering the earth darectly,
just when they are in perihelion.

I have mentioned these limits and considered the nature
of meteoric motion relatively to our earth, because it is on
this relative motion that the position of the ¢radiant point’
depends. If we suppose the earth reduced to rest, and her
motion, reversed, added to the motion of the meteoric stream,
we get the same relative motion and the same radiant point
as under the actual circumstances of the case.- ¥or clear-
ness of explanation let us suppose this to happen, and that
on the night of November 13-14 the earth’s motion of revo-
lution is non-existent (her motion of rotation continuing,
however), and that the meteors are sweeping towards her
from their radiant point (i.e. at a rate and in a direction
resulting from the combination of their own actual motion,
and the earth’s motion applied in a reversed direction).

These suppositions being made, we can have no difficulty
in selecting a suitable point of space from which in ima-
gination to view our earth. The ¢radiant point’ is clearly
the proper point to select. If the reader, therefore, will
suppose himself somewhere in space, between & and u
Leonis, and armed with sufficient optical power, he will be
prepared for the examination of the illustrative Figs. 4 and
5. In these the earth is supposed to be viewed from such a
direction ; in Fig. 4, at about a quarter-past twelve, and in
Fig. 5, at about a quarter-past two, Greenwich solar time,
on November 14th, in any year. The shaded half of each
hemisphere is the portion turned from the sun, the apparent
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boundary of this portion being a straight line, because the
‘radiant point (as respects its longitude) is situated very
nearly in the direction towards which the earth is moving
at the time. But since the radiant (as respects latitude)
was raised some 10° to the north of the ecliptic, the north
pole of the earth is brought more into view than it would be
to an observer placed at a point towards which the earth is

’

F10. 4. —The earth as supposed to be seen from the ¢ radiant’ of the November
meteors, at 12h. 15m. (night).

actually moving at the time. In fact, the presentation of
the earth towards the radiant point happens to be almost
exactly the same (as to inclination of the polar axis) as the
presentation of the earth towards the sun at the time of
Rummer solstice. Without entering further into these points,
it will suffice to say that Figs. 4 and 5 are the results of
mathematical calculation and careful construction—not
imaginary figures set down partly at random, as is too often
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the case with illustrations of this sort. I am particular to
mention this, because when it is known that an astronomical
picture represents actual facts, as closely as possible, the
student will undertake the study of the picture with some
hope of information and instruction, whereas the study of
illustrations (so-called) not carefully constructed—and nine

Fie. 5—The earth as supposed to be seen from the ¢ radiant’ of the November
meteors, at 2h. 15m. o.M,
out of ten figures in our works on popular astronomy fall
under this category—is often worse than unprofitable.
Around London and Calcutta, in Fig. 4, and around Lon-
don and Cape Town, in Fig. 5, oval and circular spaces are
indicated. It is necessary to explain the meaning of these.
Assuming the depth of our atmosphere to be about seventy
miles—or, at any rate, that meteors are not commonly visible
at greater heights—it is easily shown that the segment of
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atmosphere cut- off by a plane touching the earth at any
point, has a circular base about 1,500 miles in diameter.
Thus neglecting the effects of refraction which would slightly
increase the dimensions of the segment, we have this result,
that no meteor can be seen from any point of the earth’s
surface further than 750 miles from the point over which
such meteor is vertical. We have very strong evidence,
showing that 70 miles is about the height at which meteors
appear, the evidence of meteors appearing at a greater height
being very doubtful. Hence, when a meteor is seen low
down towards the horizon, it may be confidently assumed
that the point over which this meteor is vertical lies within
750 miles of the place of observation. Now the ovals and
circle in Figs. 4 and 5 mark the limits of the space over
gsome point of which a meteor must be vertical to be seen
from the centre of the space. For instance, a meteor appear-
ing at a point vertical over Madrid, or Turin, or Berlin, or
Stockholm, might just be visible from London, appearing
just above the horizon; but a meteor vertical over Gibraltar,
or Rome, or St. Petersburg, would not be visible in
England.

Now, if we consider Fig. 4, we shall see that about two
hours before the time indicated by that figure (a quarter-past
twelve at night), London is just becoming visible on the
edge of the earth’s disc; but the edge of the oval space
round London comes into view more than an hour earlier—
that is, at about nine o’clock. This is the earliest hour at
which a member of the November system can by any pos-
sibility be seen in London. Meteors seen at this hour would
be momentarily visible in the eastern horizon, moving
upwards. When London comes to the border of the visible
hemisphere, meteors may be looked for over the whole space
between the eastern horizon (that is from south, through
east to north) and the zenith, travelling (more or less)
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upwards unless they appeared nearly towards the north or
south, when their motion would be horizontal. When the
whole of the London oval space is in view, meteors may be
looked for over the whole heavens. A little consideration
will show that at and after this time, conspicuous meteors
will be seen more plentifully over the western half of the
heavens. If the mere number of meteors indeed were alone
considered, the contrary would be the case. But the paths
of meteors being from a point east of London (it is clear
that both in Fig. 4 and in Fig. 5 we are looking at London
from the east), they would have in general an apparently
westward motion, and all those having long visible tracks
would be towards the west.

It is also evident from Figs. 4 and 5, that meteors increase
in number (cateris paribus) as England, through the earth’s
rotation, approaches the centre of the disc visible from the
radiant point, or—which amounts to the same thing—as
the radiant point rises above the horizon. It is clear, for
instance, that the oval space round England in Fig. 5 is
greater than the oval in Fig. 4; and that at an hour later
than that indicated in Fig. 5, the oval is yet greater. The
oval round England is greatest at about a quarter-past six,
when the meridian of London is a diameter of the disc.
The effects due to this cause of variation ought to be con-
sidered in estimating the actual changes in the richness of
the shooting-star stream as the earth traverses different
strata. For instance, the ificrease which actually occurred
after midnight, last November, was partly due to this cause,
while the diminution which took place subsequently to
1h. 30m. or 1h. 45m., was partly checked by this cause.

Let us stay for a moment to compare with the effects just
considered, those occurring in other latitudes. It is clear
from Figs. 4 and 5, that countries in northern latitudes are
more favourably situated than countries in southern lati-

' 1
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tudes, as respects their chance of seeing the November star-
shower. Thus, if we consider the short part of the arc
traversed by Cape Town, which lies within the darkened part
of the disc, it is clear that the a priori probability that
observers there will see the phenomenon is small. The
hour at which Cape Town reaches the diametral meridian
being about 6h. 15m. Cape time, it is clear that the moment
at which C;zpe Town enters on the part of the disc visible
from the radiant point, is about 2h. 15m. The oval round
Cape Town begins to enter this part of the disc rather more
than one hour earlier. Thus, unless the phenomenon occurs
between about one o’clock and daybreak (it will be seen that
Cape Town enters the enlightened half-disc, or, in other
words, the sun rises there, soon after five), it will not be seen
at all at Cape Town ; and that it should be well seen, it is
necessary that the epoch of maximum richness should occur
between 1h. 30m. and 3h. 30m. Cape time. It happened
last November that the shower reached its maximum at
2h. a.M. Cape time, and was therefore well seen there.*

In tropical regions north of the equator, which enter on
the hemisphere turned towards the radiant during the con-
tinuance of the shower, the display is likely to be grander
than elsewhere, since the circular space around any point in
such regions would be seen as an oval of much less eccentri-
city than that around places in high latitudes, during a part

# For the same reason that meteors are more commonly seen in northern
lutitudes from July to December, they are more commonly seen in southern
Iatitudes from January to June. An examination of Figs. 4 and 6 will illus-
trate the cause of this peculiarity, viz.:—the presentation of the northern and
southern poles respectively towards the direction of the earth’s motion. It is
worthy of notice that Mr. Maclear records the observation of several meteors
last November, before the hour at which Cape Town (or the space included
within the cval in Fig. 5) entered on the hemfisphere turned towards the
rudiant ; or, in other words, before the radiant rose above the horizon: but
none of these belonged to the November xystem, as was evinced by the direction

of their moticn.
I}
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at least of their passage across the darkened part of the disc.
At Calcutta, for instance, the boundary of visibility is appre-
ciably circular (as shown in Fig.4) a short time before sunrise.
At this hour, last November, the shower had not reached its
full splendour, and therefore the richer part of the display
was not seen in Calcutta. In Nubia, Egypt, Asia Minor, and
Greece, the shower was more favourably seen. Mr. Schmidt,
for instance, reported a very rich display at Athens, reaching
its maximum at 2h. 15m. local time, or about 12h. 45m.
Greenwich time ; very nearly the hour illustrated in Fig. 4.
.The display in India (at Kishnagur, fifty miles from Calcutta)
began before four o’clock, and continued till daylight. At
4h. A.M., Calcutta mean time, which corresponds to 10 p.m.
Greenwich time, London had not yet reached a position for
a favourable view of the display.

It will be seen from Figs. 4 and 5, that during nearly the
whole time that the display continued, last year, in England,
every visible shooting star was travelling towards the earth’s
surface, not grazing the atmosphere. Thus no shooting star
which fell within the oval line marked round England in Fig.
4, or in Fig. 5, could have failed to reach the earth’s surface,
unless dissipated in the upper regions of air. And, indeed,
independently of the consideration of the November shower
and its radiant, it is quite clear that of meteors which pass
into our atmosphere, by far the larger number travel in a line
which produced meets the earth’s solid surface. For, in
whatever direction a meteor stream is travelling, the earth,
seen from the radiant point of the stream, must present an
appearance corresponding to that illustrated in Kigs. 4 and 5.
The pole may be more or less bowed towards, or from, the
direction in which the meteors are travelling (relatively)
towards the earth, and other countries than those presented
in the figures may be turned towards the meteor-flight ; but
a circular disc, apparently fringed with a comparatively

12
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narrow border of atmosphere, must in every case be presented
towards the meteor-stream. Only those meteors which im-
pinge on this fringe, a circular ring seventy miles wide,*
can possibly free themselves by passing through (or grazing)
the atmospheric envelope. All those meteors which are
making for the apparent disc of the solid earth, a circle
nearly 4,000 miles in radius, must inevitably reach the
earth, either in a solid form or in the form of meteoric dust,
after being dissipated in their passage through the upper
atmospheric layers. Assuming that every meteor making
for the fringe escapes, which is, however, utterly improbable,
it may easily be calculated that for every meteor grazing
our atmosphere (at a height not exceeding seventy miles),
twenty-eight travel directly towards the earth’s surface.
But the proportion must in reality be very much greater,
. since our supposition implies the possibility of a meteor
travelling through the air in a direction actually tangent to
"the earth’s surface, or passing through about 1,450 miles
of air, including the densest strata. Since meteors seldom
penetrate to a vertical depth of more than twenty or thirty
miles, without dissolution, it is.very unlikely that meteors
travelling parallel to the horizon should penetrate to a ver-
tical depth even of ten or fifteen miles—since, to do so,
their actual path through the air would be many times
longer. Assuming that meteors could escape after pene-
trating in this manner to a depth of twenty miles, we should
have, for every meteor so escaping, almost exactly one hun-
dred whose substance, whole or dissolved, would reach the
earth. Even escaping meteors would never again appear as
members of the November shower, since their orbit, after
grazing contact of the kind supposed, would be very different

* Of course, not in reality such a ring, but apparently so, viewed from the
radiant point of the meteor-flight; and intercepting the same proportion of
nieteors as if’ actually so.
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(owing chiefly to their loss of velocity) from that which they
originally pursued.

The fact that such multitudes of meteors have, during
so many and such brilliant displays of November showers
as have been recorded, been stolen by the earth from the:
stream to which they belonged, serves to afford some con-
ception of the immense number of meteors forming the
November stream. Yet clearer views will be formed on this
point if we consider the evidence we have respecting the
length, breadth, and thickness of that cluster, during the
passage through which the display is visible. I have not
space to dwell here on Adams’s investigation of the meteoric
orbit. But it is necessary to point out that we must now
greatly increase our estimate of the length of the cluster
causing the November showers. The recurrence of displays
during two or three consecutive years was simply accounted
for on the theory of a mnearly circular orbit, without assum-
ing for the eluster a length of more than a few millions of
miles. Now that we know that the meteor-flight travels in
an orbit of great eccentricity, and with a period of 33}
years, we know that the portion passed through by the earth
in one year is several hundreds of millions of miles away
when the earth next passes through the meteor orbit. Hence
the recurrence of displays leads us to estimate the length of -
the cluster by hundreds of millions of miles, instead of by
mere millions.

Next, for the breadth of the stream. On this point we
have no exact information. It is sometimes assumed that
the fact that the display may be seen in one hemisphere,
- while in another it is not seen (as last year, for instance, in
America), points to a limit of breadth. But this is not the
case. If we consider Figs. 4 and 5 we shall see that Ame-
rica was on the sheltered side of the earth during the whole
time of the display. When America had come to the side
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turned towards the radiant, the earth’s globe had, in -all
probability, passed through the meteor-stream. So that the
limits of the thickness, and not of the breadth of the stream,
were indicated by the non-visibility of the meteors in Ame-
rica. Before the display had begun in England, the meteors
were seen from Kishnagur, fifty miles north of Calcutta, and
they continued visible until the time of sunrise there.
This would assign a breadth of not less than 4,000 miles to
the stream. But as, throughout the continuance of the
display, the earth was crossing the breadth of the stream at
the rate of about 1,000 miles an hour, we can assert positively
that the breadth of the stream exceeded 6,000 miles. In
reality, however, a very much greater breadth may be
assigned, with great probability, to the meteor-stream. For
if we consider the nature of the stream and the manmner in
which it has been probably generated in:the track of Comet
1., 1866, we shall see the great probability that its breadth
exceeds its thickness. The causes tending to make meteors
leave the mean plane of motion are much less efficient than
those tending to distribute the meteors over that plane.
Now the earth, during the time of the display, was crossing
the thickness of the meteor-stream at the rate of about
18,000 miles an hour. Therefore, since the display lasted at
least six hours (counting from the time of its being observed
in India, when England was, as yet, on the earth’s sheltered
side), we cannot assign to the stream a less thickness than
100,000 miles. The breadth is probably at least ten times
as great., :

It may be assumed as certain that it is the passage of th
earth through the thickness of the meteor-stream which
limits the duration of the display.

I shall conclude by quoting two observations, showing
that the fine powder in which meteors reach the earth may
be detected. Dr. Reichenbach collected dust from the top

.
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of a high mouutain, which had never been touched by spade
or pickaxe; and on analysis he found this dust to consist of
almost identically the same elements as those of which
meteoric-stones are composed—nickel, cobalt, iron, and
phosphorus. Again, Dr. Phipson notes that, ¢ when a glass,
covered with pure glycerine, is exposed to a strong wind,
late in November, it receives a certain number of black
angular particles,; which ¢can be dissolved in strong hydro-
chloric acid, and produce yellow chloride of ¢ron upon the
glass-plate.” I quote these observations on account of the
interest attaching to them ; not as evidence to show that the
majority of shooting stars never pass out of the earth’s
atmosphere. Such evidence is not required—the fact being

mathematically demonstrable.
Intellectual Obscrver for October 1867.

II.

ArtHOUGH there was mno display of the November meteors
last year [1867] in any part of Europe, yet the calculations
of astronomers respecting the hour and character of the star-
fall accorded very closely with .the results actually observed.
In the West Indies and in North America the display was
well seen, and from the hour at which the maximum
occurred, it is readily calculated that had the morning of
November 14, 1867, been clear in England, we should have
seen the commencement of the display, but not its more
brilliant part. The maximum would not have been visible
in our latitudes further east than the middle of the Atlantic.
The mean of the hours which observers in America and the
West Indies assigned to the occurrence of maximum display,
differed less than two hours from the calculated epoch, a
correspondence whi¢ch must be looked upon as highly satis-
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factory, when it is remembered that our new views respecting
the nature of the meteor-zone are such as largely to enhance
the difficulty of predicting the hour at which the display
will occur. _

Further, it is clear from the evidence which reached us
from America that the part of the zone of meteors through
which the earth passed last November was very little inferior
in the density of meteoric aggregation to the portion passed
through in November 1866.

The most satisfactory news which reached us respecting
the shower of 1867 was included in three letters, one from
Commander W. Chimmo, who observed the shower off Mar-
tinique, another from Captain Stuart, who observed the
shower at Nassau, and the third from Professor Daniel Kirk-
wood, who observed the shower at Bloomington, Indiana.

Commander Chimmo, while sitting on the bridge of
H.M.S. ¢ Gannet,’ saw an immense number of bright sparks
falling into the sea, apparently close to the ship. ¢I thought
they came from the ship’s funnel,’ he writes, ¢ because they
resembled the sparks caused by the burning of wood.” But
having seen a brilliant meteor bursting in the east, he
called the attention of the first lieutenant and master to the
phenomenon. These officers were on the bridge at the time,
and they saw that the meteoric shower was falling rapidly
and perpendicularly, a brilliant meteor every now and then
bursting -and illuminating the whole heavens. The spot of
cloud from which the meteors fell was only about one-
sixteenth part of the whole heavens, a heavy nimbus cloud.
covering the rest of the sky. Commander Chimmo was
unable to make distinct observations because the ship was
Jjust entering a strange harbour, and he and his officers were
obliged to withdraw their attention from the progress of the
display. He states that at Trinidad the shower was much
better scen, no less than 2,000 meteors having been observed
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between two A.M. and daylight. The meteors were numerous
in the N.E., as seen from Trinidad, and described arcs of 60
degrees. Some were reddish, others green, and one of a
bright fiery purple.

Now, there are several points in Commander Chimmo’s
observation which are well worthy of comment. First, he
saw the meteors falling perpendicularly. This is very dif-
ferent from what happened when we were watching the
display in England on November 14, 1866. But when the
aspect of the sidereal vault is calculated for Martinique at
the hour of Commander Chimmo’s observation (about half-
past five in the morning), it appears that the radiant-point
was very close to the zenith, so that all the meteors would
seem to be falling perpendicularly towards the horizon.
Again, from the splendour of the display seen by Commander.
Chimmo, it may be concluded that he watched the shower
nearly at the epoch of maximum intensity. This is con-
firmed also by what he states respecting the star-shower seen
at Trinidad, for although 1,600 meteors were seen there
between two a.M. and daylight, only 693 were counted before
half-past five A.M., and very soon after six o’clock the
approach of daylight must have put an end to the display;
so that within less than an hour upwards of 900 meteors
must have been seen.

Captain Stuart, at Nassau, observed the display under
more favourable circumstances. For Nassau lies 16° 11’
further west than Martinique, so that the hour of maximum
display occurred one hour earlier as respects local time.
From Captain Stuart’s statistics we may judge that he saw
the star-shower from its true commencement to its true end.
In other words, the commencement of the shower, as seen by
him, was not due to the circumstance that Nassau was
coming round from the sheltered to the exposed half of the
earth’s globe, but to the fact that the earth had begun its



122 ASTRONOMICAL ESSAYS.

passage through the meteor-zone ; and, in like manner, the
termination of the shower, as seen by Captain Stuart, was
not caused by the coming on of daylight, but by the fact
that the earth had passed through the meteor-zone. This is
an important circumstance. In England, in 1866, we did
not see the true commencement of the display, though the
weather was clear throughout the night of November 13-14.
When the earth really began to pass through the meteor-
band on that night I have not been able satisfactorily to
determine. The news we had from Kishnagur showed that
the display had begun at ten p.M. (Greenwich time) on the
night of November 13, at which hour England was on the
sheltered half of the earth. But the observer who sent us
the account of the display, as seen from Kishnagur, did not
see the commencement of the shower, having only begun
observing when the shower was already in progress.

It follows from the mere fact that Captain Stuart saw both
the true beginning and the true end of the display that the
part of the zone traversed by the earth in November 1867
was considerably thinner than the part traversed in 1866.
The table on the next page exhibits the most important of
his results. It must be noticed that the observer, an intel-
ligent nautical man, ‘was not favourably placed for an
extensive view of the heavens,’ and two other observers
counted no less than 1,100 meteors between 2h. 30m. and
4h. 45m., up to which hour Captain Stuart had counted
only 800.

There is a mistake somewhere in the published table, the
first and third columns not corresponding exactly together.
However the mistake, wherever it may be, is unimportant,
only affecting a five-minute period, and I believe that the
following modification of the table represents what the pub-
lished table was intended to express :—
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OBSERVATIONS OF THE METEORIC SHOWER OF NoveMner 14, 1867, taken at
Nassau, N. P. Bahamas (lat. 25° & N., long. 77° 22’ W.), by Captain
Stuart, Deputy Inspector of Lighthouses.

1
Proportion of | Length of each | ,, umberof iqn, .
Local Time 8ky Clear glt’eﬂod N;t::ﬂl’min lTomenmm
AN,
Before 3 0 b — —_ 45
3 15 —_ 15 H2 97 -
3 30 — 15 32 129
3 40 —_— 10 34 163 °
3 o0 .6 10 49 212
4 0 -— 10 118 330
4 10 — 10 125 455
4 15 —_ ) 102 557
4 20 _ b 73 630
4 25 - b 69 699
4 30 -— 6 68 765
4 35 —_ 5 21 786
4 40 —_— 10 62 838
4 50 — 10 64 902
5 0 .8 10 -85 267
5 10 —_ 10 22 989

It will be seen that the epoch of maximum display
occurred somewhere between 4h. 15m. and 4h. 20m. a.m.
Nassau time, say at 4h. 18m. This corresponds to about
half-past nine Greenwich time, and it will be remembered
that astronomers in England assigned half-past seven as the
hour of maximum display.

Captain Stuart’s account is confirmed by the statements of
Professor Kirkwood. Assisted by Professor Wylie and
several students, he kept watch for meteors from 9h. 15m.
P.M. to 5h. 15m. A.M., at the Indiana University, Blooming-
ton. The night was very unfavourable for observation, the
sky being obscured by so dense a haze that scarcely any
fixed stars, except those of the first magnitude, were visible.
It is remarkable that under such circumstances any shooting-
stars should have been seen at all, and we may fairly conclude
that, had the night been favourable, a display equalling, if
not excelling, that which we saw on November 15-14, 1866,



124 ASTRONOMICAL ESSAYS.

would have been observed by the Professor and his fellow-
watchers. The results actually observed were as follow :—
November 13, from 9h. 16m. to 12h. Om., 1 meteor.
” 14, ,, Oh. Om. to 3h. 16m., 75 meteors.
3h. 16m. to 4h. 16m., 351 meteors.
4h. 156m, to 5h. 16m., 98 meteors.
The time is Cincinnati time, differing from Greenwich time
by about 5h. 38m. €¢It will be noticed,’ says Professor
Kirkwood, ¢that 351, or two-thirds of the whole number
seen in eight hours, were observed between 3h. 15m. and
4h. 15m. The maximum occurred about 3h. 45m., when the
rate was twelve per minute. All the meteors, with one or
two exceptions, were conformable ’ (that is, belonged to the
November shooting-star system). ¢Two or three were some-
times seen simultaneously, and a tendency to appear in
clusters was distinctly noticed. A very remarkable meteor
was observed in Leo, a little above the Sickle, at about
3h. 40m. It was stationary, and continued visible between
two or three seconds. It was at first small, but increased
rapidly in magnitude, until, just before extinction, it sur-
passed Regulus, the only star in the Sickle then visible
through the haze. This meteor was undoubtedly near the
radiant.’

The epoch of maximum display assigned by Professor
Kirkwood corresponds to 9h. 23m. Greenwich time, and,
therefore, agrees very closely with the result we have
already deduced from Captain Stuart’s observations. This
agreement- is the more remarkable, because Nassau is
upwards of 1,200 miles from Bloomington, so that the
meteors seen in the two places belonged to different parts of
the meteor-band. The agreement in.- the position of the
region of densest meteoric aggregation, indicates a stratifica-
tion of the meteor-system, and corresponds, therefore, with
the views respecting its structure which I put forward in
the preceding paper.
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‘Buf now we have to consider some very temarkable con-
clusions which flow from a comparison of the observations
made upon the November meteors in the years 1866 and 1867.
So long as it was supposed that the band of meteors held a
‘position in space nearly identical (save as respects the incli-
nation of the meteoric orbits) with that of the earth’s orbit,
it was easy to explain the occurrence of showers in two, or
even in  three, succegsive years, without assuming a very
remarkable extension of the meteoric cluster to which the
more striking displays were supposed to be due. This cluster
was supposed to circle around the sun in a period either
slightly exceeding or slightly falling short of a year, so that
after one nearly central passage, the next encounter ‘between
the earth and the meteor-system would take place not very
far on either side of the region of densest aggregation. We
say not very far, and it will be seen presently that the
expression is justified when the real dimensions of the
meteor cluster come to be. compared with those we are con-
sidering. But, in fact, the distance between the points at
which the earth was supposed to cross the meteor-system in
successive years was very little less than the thirty-third
part of the circumference of the earth’s orbit, so that the
space we have spoken of as small, really amounted to about
fifteen millions of miles.

But now let us consider the true figure of the meteor-
orbit. We suppose that most of our readers are familiar
with the evidence which  has led astronomers to recognise
the fact that the meteors travel in a period of 33} years.
We have not space even to summarise the process of inquiry
pursued by Adams—for to Adams alone is due the discovery
in question—but we may remark that the result he obtained
is not a dubious one. Those who understand the nature of
the problem he dealt with, and the exact manner in which
mathematical analysis enables us to deal with such a pro-
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blem, know that the agreement between the nodal shifting
of the meteor-band with that due to an orbit having a 33}
years period, is sufficient to prove beyond a doubt that this
period is the true period of the system.

So soon as the period is known, it becomes at once possible
to estimate from the assigned position of the radiant-point
the true direction in which the meteors cross the earth’s orbit,
and thence the exact position of the orbit. In this part of
the work, a part which is within the powers of very inferior
mathematicians, Professor Adams was anticipated, we believe,
by Leverrier, his co-labourer of old, and by others. A
slight difference exists between the results obtained by
different mathematicians—a difference wholly due to the
different radiant-points they adopted. Teking Adams’s
results, founded on the supposition that the radiant-point
was situated in R.A. 149° 12/, and N. Dec. 23° 1/, we have
the following elements for the meteor-system :—

Period . . . . . . 33:25 yeurs (assumed).
Mean distance . . . . 10-3402
Eccentricity . . . .. 0-9047
Perihelion distance . . . . 0-9855
Inclination . o e . . 16° 46’
Longitude of node . . . 51° 28’
Distance of perihelion from node . 6° 51’
Mation retrograde.

Schiaparelli’s results differ very little from these, save as
respects the two following elements :—

Inclination . . e e . 17°44
Distance of penhelwn from node e A 1

It is important to notice that a very trifling difference in
the assumptions made with respect to the position of the
radiant-point, affects these two elements appreciably.

Fig. 6 represents the orbit of the November meteors,
according to the estimate of Professor Adams. EE'is the
earth’s orbit, crossed by the meteor-system, at the point



THE NOVEMBER SHOOTING STARS. 127

marked ¢, which indicates the descending node of the
meteoric orbit upon the ecliptic. The perihelion of the

Fi0. 6.—The orbit of the November meteors.
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meteor-system is at P, the aphelion at a. The orbits of
Mars, Jupiter, Saturn, and Uranus are indicated by the
letters MM/, 55/, 84, and uwu’ respectively. The arrows
indicate the direction of the orbital motions. It must be
observed that the portions of the orbits of Jupiter, Saturn,
and Uranus are laid down with their proper eccentricity.
For instance, the centre of the arc w %’ is at u*, not at S.
The eccentricity of the orbit of Mars will be obvious at
once. The line ¢ @ is that in which the plane of the
meteoric-zone intersects the plane of the ecliptic. It will
be noticed that the ascending node lies close to the orbit
of Uranus. This approach to coincidence came out exactly
as represented, by the mere process of careful construction.
As there is every reason to believe that the introduction
of the meteors to their present position was due to their
having approached Uranus very closely (the epoch assigned
by astronomers to the appulse is A.n. 126), it follows, of
course, that their orbit ought to indicate an agreement of
this sort—for, having once assumed an orbit through the
attraction of Uranus, they were compelled from that time
forth always to pass, once in each revolution, through the
point at which the encounter took place.

The part of the meteor-orbit on the right of the line ¢ 8,
in the figure, is supposed to lie above the plane of the paper,
the remaining part below that plane. The lines tipped with
arrow-heads indicate the amount by which the orbit is
depressed below or raised above the ecliptic-plane on the
scale of our figure. In this indication only the part of each
line between the two cross-lines is to be comsidered. It
will be noticed that when these effects of the inclination of
the meteoric orbit are attended to, the orbits of Jupiter and
Saturn are found to pass at a considerable distance from the
meteoric orbit; in fact, neither Jupiter nor Saturn can
ever approach the meteors at a less distance than about
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cighty-five millions of miles, even at those points where, in
the figure, the orbits of these planets appear to intersect
the meteoric orbit. Mars, in like manner, cannot approach
the meteors by a less distance than tweive or thirteen
millions of miles.

The division-marks round the orbit of the meteors indi-
cate the arcs over which they pass in successive years, start-
ing from p. Thus, in one year a meteor will have reached
the point 1, in two the point 2, and so on; and it will pass
the aphelion-point, a, after sixteen years and five-eighths
have elapsed from the epoch of perihelion-passage. It will
be observed that the rate of motion in aphelion is very much
less than the rate in perihelion; in fact, in one year after
perihelion passage a meteor traverses upwards of five hun-
dred millions of miles, whereas, in one year near the aphe-
lion-passage a meteor travels over about forty-five millions of
miles only.*

I believe that the figure which accompanies this article is
the first in which the true relation of the meteoric orbit to
the orbits of the planets (properly eccentric) has been
exhibited with any approach to exactness.

If Schiaparelli’s elements be adopted, the line p a would
have to be shifted around S, through an angle of about two
degrees, the end a moving towards the right.

* In connection with the points marked 1, 2, 3, 4, etc., I may venture to
relate a somewhat amusing anecdote. A very eminent astronomer was desirous
of drawing a figure corresponding to that presented in my illustrative plate.
But he was so accustomed to abstruse mathematical investigations that the
simple process of construction which a far inferior mathematician would make
use of—those, for example, which I used in constructing the figure of the orbit
—did not occur to him. Instead, therefore, of laying down the ellipse from its
known axis major and eccentricity, he adopted a very novel and somewhat
laborious process, corresponding to the process of breaking a butterfly on the
wheel. He actually calculated every one of the points marked 1, 2, 3, ete.,
deducing the radius-vector and eccentric anomaly, in each case, by a compli-
cated process of approximative calculation; and then, when he had marked i

all these points, he took his ellipse through them. It is as though a sum in
addition were worked by the differential calculus. ”

K
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One of the most interesting facts revealed during recent
years, is the circumstance that the orbit of the November
meteors exhibits a very close accordance with that of a tele-
scopic comet discovered by Tempel, early in 1866. The
extent of the agreement will be perceived by comparing the
following elements of the comet with those assigned above
to the meteoric orbit :—

Period . . . .« e . .. . 38318 years.
Mean distance . . . . . . . . 10-3248
Eccentricity . e e e o e e . 09054
Perihelion distance . . . . . . . 09765
Inclination e e e e . . 17°18
Longitude of node . . . o« e . 51° 26
Distance of perihelion from nod « e . . 92

Direction of motion . . . . . « « Retrograde.

These are the elements assigned by Dr. Oppolzer. It will
be noticed that the inclination lies between the values
assigned by Adams and Schiaparelli to this element. The
distance of the perihelion from the node differs 2° 11’ from
Adams's estimate, and 4° 5 from Schiaparelli’s. A very
slight difference in the assumed position of the radiant
points of the November meteors would have brought these
elements into perfect agreement. The period of 33-25
years assigned to the November meteors accounts for a large
proportion of the remaining discrepancies, which, however,
are exceedingly minute as it is; in fact, the figure of the
orbit assigned to the comet would correspond so closely with
that assigned to the November meteors in the plate, that it
would not be possible to distinguish one from the other on
the scale of that figure. The difference of position would
correspond to a shifting of the line p a around S, the end
« moving towards the left, through an angle of 2° 11'. The
latter difference is one which could be wholly accounted for,
Aot only by assuming a very minute error in the determination
of the radiant-point of the November shooting-stars, but by
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assuming very slight errors in the observations made upon
comet I., 1866, during the time that it continued visible in
our skies. No reasonable doubt can exist that the meteors
and the comet form a single system. And, by the way, it is
worth noticing that, as the comet passed its perihelion early
in January 1866, it had travelled the best part of the way
towards the point 1 in November 1866 ; so that we passed
through a point (8 ) removed some four hundred millions
of miles from the nucleus of the comet. In 1865, on the
contrary, the earth passed through a point much nearer to
the head of the comet, but in advance of it.

And now let us consider for a moment the actual volume
of the space which is occupied by cosmical bodies, aggregated
with greater or less density, and forming what we now know
as the November meteor-system. In the first place, we
must, I think, dismiss the notion that there are gaps or
breaks in the system. A consideration of the well-authenti-
catéd observations which have been made upon the meteors
suffices to show that, although there are variations in the
density of meteoric aggregation, and also in the thickness
of the ring of meteors in different parts of its circumference,
yet these variations take place in a continuous manner; in
other words, there are neither sudden increments nor sudden
decrements in the density of meteoric aggregation.

We have, then, a ring of meteors, forming an ellipse of
the figure presented in our illustrative plate. The major
axis of this ellipse is about eighteen hundred and eighty-five
millions of miles long; its circumference little less than
forty-four hundred millions of miles long. The ring is
probably flattish, but is certainly variable in thickness.
What its width may be we cannot tell. Our supposi-
tion that the ring is flat involves, of course, the conclusion
that the width of the ring is greater than the thickness, and
we think there can be very little doubt on this point. The

X2
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disturbing forces to which the ring is subjected are such as
must tend far more to an increase of width than to an
increase of thickness. In the preceding paper I pointed out
that the consideration of the phenomena presented during
the display of November'13-14, 1866, sufficed to show that
the portion of the meteor-system through which the earth
then passed was certainly not less than 100,000 miles thick,
and 6,000 miles broad. We may fairly assume that the
breadth of that part of the ring is some million or so of
miles. Now, we have seen that the part of the ring traversed
in 1867, although quite as densely crowded with meteoric
bodies, was not so thick as the part traversed in 1866.
Applying the same method to the determination of the
thickness that I used in the latter case, we obtain a thick-
ness of about 60,000 miles. We may fairly assume a breadth
ten times as great. Further, the part of the ring we passed
through in 1866 had moved off upwards of 530,000,000
miles in November, 1866. The whole of this long arc was
occupied by a portion of the ring, which we may suppose to
have thinned off gradually from a thickness of 100,000
miles, at one extremity, to a thickness of 60,000 at the
other. Assigning to it a mean thickness of 80,000 miles,
and a mean width ten times as great, we obtain for the
volume of the portion of space thus shown to be occupied
by meteors, the following imposing dimensions :—

80,000 x 800,000 x 530,000,000 cubic miles ;

that is, no less than thirty-four millions nine hundred
and twenty thousand millions of millions of cubic miles !
We have spoken of densely aggregated meteors in dealing
with that portion of the system which supplies brilliant
star-falls. But this term must be understood relatively, not
positively. Even the appearance of ten or twelve meteors
in a second, which would correspond to a very brilliant
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shower, would not indicate a very close aggregation of
the members of the meteoric system; for, in a second, the
earth passes over eighteen miles, and the meteors traverse
about twenty-five miles in the same period.* Hence,
making due allowance for the inclination of the meteoric
orbit, we find that an interval of one second corresponds to
the passage of the earth through about forty miles of the
meteor-system ; and twelve minute bodies along a line of
forty miles could hardly be said to be very closely aggre-
gated. But this would correspond to the case of all the
twelve meteors appearing in exactly the same part of the
heavens. As, in fact, they appear in different parts, we
must further take into consideration the circumstance, that
meteors may be visible simultaneously at places removed
some 1,500 miles from each other; in fact, the considera-
tion of Figs. 4 and 5 illustrating the preceding paper will
show that our twelve meteors must be supposed to be
contained within an elliptical tubular space, the length of
the tube being forty miles, the major axis of the ellipse 1,500
miles, and the minor axis varying according to the hour of
display. As the weight of twelve November meteors would
in general hardly exceed a few pounds, we can see that the
mean density of the meteoric ring is indefinitely small even
in the richest parts of the system.

Space will not permit me to dwell, as I should wish to do,
upon the startling considerations suggested by the examina-
tion of the November meteor-system. . Wonderful as is the
scale of the system itself, it is rather what the system sug-
gests respecting the interplanetary spaces which most strik-
ingly attracts our attention. Look at the orhit of the ring,

* The following simple formula is convenient for determiming the relation
between the velocities (v and v') of two bodies at the same distance 7 from the
sun, and travelling in orbits having mean distances a and a’ respectively.

v @ v :: 2aa—d'r : 2ad—ar
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as pictured in our illustrative figure, and consider how
minute the & priori probability that the earth should en-
counter such a ring of meteors, if there were but one. The
chances may be reckoned at millions on millions to one
against encounter. And therefore the chances are millions
on millions to one that there is more than one such ring,
and the balance of probability is in favour of there being
millions of such rings. We know that this ring presents
no sign of its existence (save at the epoch of encounter),
even in the most powerful telescope. We know, also, that
the comet which is associated with it has escaped detection
for hundreds of years, and might very well have escaped
detection for many more hundreds. Therefore we may
safely assert that, in the mere non-detection of any signs of
the existence of other meteor-rings, there is absolutely no
argument whatever against the theory (in itself a highly
reasonable one) that there are millions of rings similar to the
November meteor-system. But I must refrain from pushing
further the speculations suggested by theories of this sort.

Many of my readers will, doubtless, be anxious to know
what prospect there is of a display of meteors being visible
on the 14th of November 1868. I fear there is but little.
Calculating from the display of 1866, we should assign half-
past one or a quarter to two (in the afternoon) as about the
hour at which the earth will pass through the richest stratum
of the ring-system. Calculating from the display of 1867,
we should assign half-past three or a quarter to four as the
hour of passage. At either epoch England will be upon the
sheltered hemisphere of the earth.

In fact, it is not likely that the display will be well seen
by practised observers anywhere. In New Zealand it may
be seen, though the position of New Zealand on the earth’s
southern hemisphere is unfavourable (for reasons suggested
in the preceding paper). It is possible that a few tra-
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vellers who may happen to see the phenomenon from various
parts of the Pacific in which (if the views above expressed
be correct) the display will be visible, may think it worth
their while to report their observations. On the whole,
however, it is more probable that we shall hear nothing of
the November shooting-stars of the year 1868.

It is just possible that the form of the ring-system may
not be so regular as we have been supposing. In this case
the hour of display would not correspund to the above cal-
culation, and we might even see the shower in England.
The chance of its occurring on the morning of the 14th is
about equal to that of its occurring on the morning of the
15th of the present month, and observers should therefore
watch for meteors on both nights.

The Student for November 1868.
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GUAGING THE NOVEMBER METEOR-STREAM.

Last year [1868] I discussed the figure of the November
meteor-orbit, showing how we learn from the researches of
Professor Adams that the meteoric-system extends far outin
space beyond the orbit of Uranus. This year I wish to deal
with another and equally interesting feature of the November
meteor-system, namely, the varying depth of the stream of
cosmical bodies of which it consists. We have been for-
tunate emough to obtain accounts of the display during
three years in succession, and these accounts are of such a
nature that we can determine the hours at which the dis-
play has commenced and terminated for the whole earth, as
distinguished from the apparent commencement or termina-
tion at particular places. And the information thus secured
serves to add comsiderably, not only to the interest with
which we regard the whole subject of the November meteors,
but to that with which we look forward to the display of the
present year [1869]. It is important that observers should
be aware of the fact that this year’s display, if it should be
well observed, will serve to confirm or to disprove certain
remarkable conclusions which have been drawn from the
observations made last year.

Let us briefly consider what we have hitherto learned
respecting the depth of the meteoric system at those par-
ticular parts of its length at which the earth has traversed
it during the last few years; and, then, by combining toge-
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gether the information thus obtained, let us endeavour to
form a conception of the shape of the meteor-stream.

In November 1867 (see ¢Intellectual Observer’ for that
month), I examined, at considerable length, the evidence
we had obtained respecting the part of the system traversed
by the earth in 1866. Since that paper was written I have
obtained evidence on a point then referred to as doubtful.
I have learned that in India the display began some hours
before four a.M., local time. Therefore the thickness of
about 100,000 miles, which I then assigned to the meteor-
system at that part of its course, may be increased to some
110,000 or 115,000 miles.

In November 1868, I dealt with the earth’s passage of
the meteor-system in 1867. The evidence from America
served to prove that a very fine display had been observed ;
but that the display did not last so long as in 1866. And
the conclusion to which we were led was that the thickness
of the meteor-stream, where the earth then traversed it, was
little more than 60,000 miles.

Thus we seemed to have evidence of a thinning off of the
meteor-system. And remembering that the comet, with
which the system seems in some inexplicable way to be asso-
ciated, had crossed the earth’s orbit shortly before the dis-
play of November 1866, we might unreasonably have been
led to the conclusion that the thickness of the meteor-system
diminished in proportion to increased distance from the
cometic nucleus. This inference would have led us to expect
in 1868 a display of a very unimportant character, and
visible over a very limited area. The particular region over
which the display was to be looked for was not a promising
one. ‘In fact,’ I wrote at the time (and, in a letter sent
soon after to ¢ The Times,” Mr. Hind, the superintendent of
the ¢ Nautical Almanac,’ expressed a very similar view), ¢it
is not likely that the display will be well seen by practised
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observers anywhere. InNew Zealand it may be seen, though
the position of New Zealand on the earth’s southern hemi-
sphere is unfavourable. It is possible that a few travellers,
who may happen to see the phenomenon from various parts
of the Pacific in which the display may be visible, will think
it worth their while to report their observations. On the
whole, however, it is more probable that we shall hear
nothing of the November shooting-stars of the year 1868.’

Therefore, when news was received from various parts of
England that the display had been well seen, the explanation
to which astronomers somewhat hastily jumped was on this
wise :—The November meteors, traversing their wide orbit
around the sun, are liable to be attracted from their normal
paths by the influence of Jupiter, Saturn, and Uranus—all
three being giant members of the planetary system—and as
all the meteors travelling in a given part of the system must
be subject to the same influence, it is clear that the meteor-
stream will be liable to changes of figure, resembling the
vibrations which pass round an elastic hoop that has been
sharply struck. And though these vibrations, considered
with 1eference to the whole orbit of the meteors, might
appear as insignificant as the scarcely perceptible vibratious
of our illustrative hoop, yet they must shift the meteor-
stream through spaces of enormous real extent. So that if
the earth reached in November a part of the system where
the range of vibration from the true orbit was a maximum,
the epoch of the display might be hastened or delayed by
several hours. And thus the unexpected occurrence of a .
display in November 1868 might fairly be accounted for.

Although this reasoning is undoubtedly plausible—nay
more, though it is undoubtedly true that the meteor-system
must be subject to vibrations of the kind considered, yet it very
soon appeared that the occurrence of a display in November
1868 was due to a cause of quite a different character.
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Remembering the evidence obtained in 1867, of a thin-
ning off in the meteor-stream, it will be evident that,
supposing the part passed through in 1868 to be cor-
respondingly diminished in thickness, the display could not
have lasted more than two or three hours; and, therefore,
being, as I have said, well seen in England, it would ne-
cessarily have been invisible (occurring in the daytime) in
America.

But news was received that the display had been well seen
in the United States.

It was at once evident, therefore, that the process of
thinning off had been followed by a contrary process, and
that in fact the thickness of the stream where the earth
crossed it in 1868 was not only greater than at the part
traversed in 1867, but even than at the part traversed during
the great display of 1866.

This result is so interesting, and serves so largely to en-
hance the interest with which we look forward to the display
of the present year [1869], that it may be well to consider
somewhat closely the evidence on which it rests.

So far as the display in England is concerned, we have
very satisfactory evidence. Let us take Professor Grant’s
description of the shower as observed at Glasgow.

Until about half-past two on the mourning of November
14th, the sky was somewhat overcast, but it was evident
even then that a shower was in progress, as a meteor would
be seen every now and then to flash across an opening between
the clouds. At half-past four it was clear in all directions,
and it became easy for the observers to convince themselves
that the meteors which appeared in every part of the heavens
belonged to the November system. In every instance the
course of the meteors was found to emanate from the
radiant of the November system. The meteors were com-
monly white, but in some instances a trace of red could be



140 ASTRONOMICAL ESSAYS.

recognised. It was noteworthy, however, that no trace was
visible ¢of the beautiful green which formed so interesting
a feature of many of the meteors of -November 1866.’
This peculiarity is well worth dwelling on for a moment.
It would be an interesting circumstance if we could trace a
systematic law of change in the character of the meteors,
according to their distance from the cometic nucleus of
the meteor-system.

Many of the meteors were large, ¢ three or four exceeding
Jupiter in brightness, but not equalling the planet Venus,
which was shining with intense brillancy in the east, and
formed an excellent standard of comparison for estimating
the brightness of the larger meteors.’ Size again—that is
(1) the average size of the meteors, and (2) the size of the
largest which make their appearance—is a feature which
should be carefully attended to in observing the coming
display. We want all the evidence we can get to guide us
towards a solution of the difficult questions suggested by the
meteors; and we must not be deterred, by considerations of
the apparent insignificance of this or that feature, from re-
cording every phenomenon which may by any possibility
afford a useful hint.

But our chief concern at present is with the thickness and
density of the meteor-stream.

Professor Grant and his assistant noticed that the shower
sensibly increased, from 4h. 30m. to 4h. 56m., and ‘as it
appeared very desirable to endeavour to ascertain the time
of its maximum,’ he ¢ proceeded, in conjunction with Mr.
Jobhn McKinnel, the junior assistant, to count the number of
meteors which might become subsequently visible.” It would
appear from the resulting numbers that the shower attained
its maximum at about a quarter past five. But there was
no such sharp accession of richness as had been observed in
1866 or 1867. The following table, which indicates the
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number of meteors seen in successive intervals of five
minutes, commencing at four minutes before seven, serves
to prove this :—

h. m. h. m. Meteors h. m. h. m. Meteors
From 4 66to5 1 . . 22 From 6 31to5 36 . . 16
”» 5 1 5 6 . . 28 w 0 36 5 41 . . 12
” 5 6 5 11 . . 27 ” 5 41 5 46 . . 14
” 5 11 H 16 . . 27 - 5 46 5 61 . . 11
” 5 16 5 21 . . 16 ” 5 51 5 66 . . 13
- 5 21 5 26 . . 20 »” 6 6. 6 1 . 8
5 26 5 31 . . 21 ” 6 1 6 6 .19

We shall presently see that Professor Grant observed
neither the real beginning nor the real end of the display.

We turn next to the observations made in the United
States. Professor Kirkwood records them, but was unfortu-
nately unable to take part in them as on former occasions.
On the morning of the 13th, Professor Wylie observed 165
meteors, of which the greater number belonged to the
November system. After sunrise, Professor Kirkwood be-
thought him of an observation made by Humboldt in 1799,
and ¢standing in the shade, on the western side of a building,
watched the vicinity of the radiant, hoping to see some of
the largest of the meteors.” He saw five or six, and Mr.
Mazxwell, a tutor in the State University, who watched with
him afterwards, ‘saw one, beyond doubt, and three others
less certainly’ This fact is interesting, as confirming
Humboldt’s assertion that the meteors can be seen in the
daytime.

On the night of the 13th the display was well seen. A
committee of the senior class in the University kept watch
from 11 o’clock p.m. till 4h. 15m. A.M. (Cincinnati time),
during which they counted no less than two thousand five
hundred meteors. The maximum was at about half-past
three, ‘nine hundred meteors having been counted during
the forty-five minutes immediately preceding.” This is at



142 ASTRONOMICAL ESSAYS.

the rate of one hundred in five minutes, and enormously
exceeds the numbers counted in corresponding intervals by
Professor Grant and his assistants. Many of the meteors
were very brilliant, and left long trains which continued
visible for several minutes. Three or four were observed to
explode, or at least to separate into several parts,—a pheno-
menon which had not before, so far as I know, been observed,
in connection with the November meteors.

At five minutes to five the watch was renewed by Professor
Wylie, who continued to observe the meteors until 6h. 11m.,
counting seven hundred and eighty in one hour and sixteen
minutes.

There are several remarkable points to be noticed in this
narrative :—

In the first place, the display began on the night of the
12th, and was still in progress at daybreak on the 14th, or
more than thirty hours later. In 1866 the display did not
last more than five or six hours, and in 1867 its duration
was even less.

Again, the epoch of maximum display observed in the
United States does not by any means correspond with the
hour named by Professor Grant. The difference of time
between Cincinnati and Greenwich is about 5h. 38m., so that

_the hour of Professor Grant’s maximum (5h. 15m., on the
morning of November 14th) corresponds to twenty-three
minutes before midnight, November 13-14, at Cincinnati.
Hence, nearly four hours after Professor Grant’s maximum,
the earth passed through another and a much denser part of
the meteor-system.

Again, a fact was noticed in America which serves to con-
firm the evidence afforded by the circumstance just noticed,
of a stratification of the meteoric system in that region
which the earth traversed in 1868. At frequent intervals
throughout the night, says Professor Kirkwood, ‘a lull



GUAGING THE NOVEMBER METEOR-STREAM. 143

occurred in the display; while at other times, for a few
seconds, the meteors were so numerous that they could
scarcely be counted.’

But the meteors were to be seen at yet a third station, far
removed both from England and from the United States;
and it will be well, before summing up the evidence which
last year supplied respecting the constitution of the meteor-
system, to examine the facts observed at this third station,
the Cape Town Observatory. '

Mr. Maclear noticed the first meteor from the radiant in
Leo, at 1h. 18m. Cape time. Such an observation, if made
in England, would signify that the true commencement of
the display bad then taken place, and so would be discordant
with the evidence from America. But a reference to Figs.
4 and 5, pp. 110 and 111, will at once show that the Cape
only began at about that hour to be within the range of
the hail of meteoric projectiles. To represent the matter
in another light, the radiant in Leo rises several hours later
at Cape Town than in our latitudes.

The display was not very remarkable at first, nor indeed
did it at any time attain such proportions as in the United
States. Still at about a quarter to three, a shower of some
importance seems to have been in progress, a dense haze
concealing many of the smaller ones from view. The exact
time which Mr. Maclear assigns as the epoch of maximum
display is 2h. 42m. Cape time. This corresponds to about
1h. 31m. Greenwich time. Here then is another maximum,
occurring before Professor Grant’'s—in fact before the sky
had cleared at Glasgow.

But it is quite clear from Mr. Maclear’s account that the
true maximum did not occur at the hour he names. There
were, in fact, several maxima. Certainly in the minute be-
tween 2b. 42m. and 2h. 43m. more meteors were seen than
in any other single minute. But if we take the interval of
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ten minutes beginning at 2h. 37m., we find that only thirteen
meteors made their appearance; whereas in the interval of
ten minutes beginning at 3h. 37m. eighteen meteors were
seen.

The fact is, Mr. Maclear’s observations confirm those
already recorded with respect to the evidence they dfford
of a very decided stratification in the meteor-stream. At
least that is the view which seems forced on us when we
interpret what was observed in 1868, by means of what
took place in the two former years. For in 1866 and 1867
there was so close an accordance hetween the epochs of
maximum display observed in places very far apart, as to
prove that the demser regions of the system were of con-
siderable width—or, in other words, that there were real
strata of meteoric aggregation. In 1868 we had no evidence
of this sort, though we have none disproving the notion that
the part of the system then traversed was also stratified. It
is still possible, however, that the earth passed in 1868
through a succession of clustering aggregations rather than
through strata of aggregation. It is to be hoped that the
observations which may be made this year will serve to
clear up this difficulty.

Let us now sum up the evidence we have respecting the
portion of the system traversed in 1868; and then, com-
paring that evidence with what we know of the regions tra-
versed in 1866 and 1867, let us endeavour to picture to
ourselves the solid figure of the arc of the meteor-system
extending from the place of Comet I, 1866, to the region
traversed in 1868. We may add the observations made in
1865, though these applied to a part of the meteor-system
which is travelling in front of the comet.

The earth occupied at least thirty hours in traversing the
meteor-stream. As the passage was oblique we must not
take the earth’s orbital velocity of some sixty-five thousand
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miles per hour ; but we mnust reduce our estimate to about
eighteen thousand miles per hour, that being about the
value of that portion of the Earth’s velocity which is carry-
ing her directly through the meteor-stream. This gives to
the stream a depth of no less than five hundred and forty
thousand miles. So that the part traversed by the Earth in
1868 was more than five times as deep as the part traversed
in 1866, and nearly ten times as deep as the part traversed
in 1867.

These results, combined with what is already known of
the figure of the meteoric orbit, enable us to form some
conception of the real figure of the meteor-system in space.
It must of course be remembered that as the meteors circle
round dn their orbit, the condensation occupying successively
different parts of the long oval pictured in Fig. 6, the con-
figuration of the system must vary very strikingly. For
example, when the condensed part of the system is near
aphelion the whole of the richer part of the system around
the condensation must be compressed along a much shorter
arc. We may measure this richer portion (in arc-length) by
estimating the time which the last straggler belonging to it
would take in reaching the position occupied by the leading
member of the vanguard ; and this time we may assume to
be very nearly constant. This being so, it will be obvious
from a moment’s study of the orbit, that when in aphelion
the whole of the richer portion of the system may scarcely
occupy one-tenth part of the space which the same portion
comes to occupy when its condensation is travelling past
perihelion.

It is only, therefore,at a special time that the accompanying
drawing® can be taken as illustrating the configuration of

* Fig. 7 is not the drawing which originally illustrated the article. It
hag been extended so as to exhibit the parts actually traversed (since the
article was written) in 1869, 1870, and 1871. See next paper and note at

its close.
L
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the part of the meteoric-system which has during the last
few years passed the descending node near the Earth’s orbit :

I16. 7.—Ideal view of Tempel's comet and the November meteor-system.
greatly exaggerated in cross-section.

at the present time, in fact, the meteor-system may be sup-
posed to occupy such a position as is here depicted. It will
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be noticed that the cross section has been made to vary
according to the guagings obtained above. But it will be
understood that it is absolutely impossible to indicate in a
satisfactory manner the true relations of the system ; because
the cross section, if laid down according to the real dimen-
sions of the system, would be almost evanescent unless the
orbit were represented on a very large scale indeed. The
figure, therefore, must be accepted as rather intended to in-
dicate that the depth of the system varies according to such
and such a law, than to present a true picture of the meteoric
system.

The comet (whose dimensions are enormously exaggerated)
occupies the position indicated by the observations of
1866. No stress is to be laid on the connection indicated
between the comet and the meteor-system ; because we are
altogether ignorant what the real connection may be. At
present, indeed, there are few circumstances more perplexing
than the observed association between comets and meteor-
systems. That in several instances a meteoric ring should
occupy the exact position of a cometic orbit can hardly be
supposed to be merely an accidental coincidence. Therefore,
some sort of association is indicated; but what the nature
of the association may be, by which flights of solid bodies
are connected with gaseous comets, is a riddle whose solu-
tion no information we at present possess enables us even to
guess at.

One circumstance which has not hitherto, so far as I
know, been considered (though it is so intimately associated
with the inquiries of Schiaparelli, Hoek, and others, that I
am prepared to find I have been anticipated in dealing with
it) seems to bear importantly on the relation in question.

It is well known that nearly all the comets which travel
in periodic orbits around the Sun, have been brought into
their present subordination to the solar attraction by the

L2
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influence of the giant planets which travel outside the orbit
of the asteroids. Each of these planets probably has its
own family of comets, though hitherto we have only been
able to satisfy ourselves respecting the existence of such a
family in the case of the planet Jupiter. We know that a
large number of comets have their aphelia close to the orbit
of Jupiter, and we recognise the meaning of this when we
remember that a comet travelling from outer space along a
course which would bring it near to the giant mass of
Jupiter, would be forced by his attraction (under ordinary
circumstances) into an orbit having its aphelion not very
far from the scene of the encounter.

Now it has been shown that Comet I, 1866, and the
meteor-system associated with that comet, travel close past
the orbit of the planet Uranus. The ascending node of the
comet’s orbit, in fact, is quite close to the orbit of Uranus,
so that it is probable that the comet approaches that orbit
more nearly even than the known members of Jupiter’s
comet-family approach the orbit of their ruling planet.

We must look then on Uranus as the planet by whose
attraction the comet was forced to take up its present orbit,
and astronomers having traced back the history of the comet,
and that of distant Uranus, have found that in the year 126
A.D., Uranus and the comet were so close that for a brief
time the comet was more under the influence of the planet’s
attraction than under that of the Sun’s. At this time it
was, then, that the comet was forced to travel on its present
orbit. And it was by the merest accident that this orbit
passed so near as it actually does to the Earth’s orbit. Now
where were the meteors when that encounter took place?
If they had been straggling far behind the comet like the
major part of the system at the present time, they would
not have been brought under the influence of Uranus as the
comet was, and their paths would not afterwards have shown
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any approach to identity with the comet’s orbit. The fact,
then, that there is that singular identity in the track of the
comet and of the meteors, shows conclusively that every
particle of matter constituting the meteors must originally
have been in the immediate neighbourhood of the comet.

It is then since the introduction of the comet into our
system that the meteoric ring has been formed. Up to its
encounter with Uranus, the comet and the meteoric matter
had been collected within a space of very small dimensions
indeed, compared with the present dimensions even of what
we term the condensed part of the meteor-system. About
this we may feel absolutely certain. When we inquire,
however, how the dispersion came about, we find ourselves
surrounded with difficulties. Passing over the physical dis-
tinctions which seem to dissociate the meteors from their
cometic companion, it is by no means easy to explain, in
accordance with the laws of motion, the enormous extension
at present attained by the meteoric system. If we suppose
such a diversity of distance between Uranus and the various
parts of the meteor-system at the epoch of enmcounter as
would result in differences of velocity sufficing to account
for the present dispersion of the system, it becomes difficult,
as already shown, to explain how it was that the whole of
the system was forced into the same (general) orbit. If, on
the other hand, we assume a very close condensation of the
meteoric particles, it becomes by no means easy to under-
stand the dispersion of the system along an orbit whose
circumference is upwards of 4,000 millions of miles in length,
in the comparatively short interval (1,743 years) which has
elapsed since the system was first forced to follow its present
course.

We seem almost driven to the conclusion that some other
force than gravitation has been at work in causing the

dispersal of the meteoric particles.
The Student for October 1869.

B <3 =



150 ASTRONOMICAL ESSAYS.

METEORS AND SHOOTING-STARS.

AMoNGsT the many surprising discoveries which have of late
years rewarded the labours of astronomers, none perhaps are
more remarkable than those which relate to the phenomena
—once thought so insignificant—presented by ¢falling
stars.” Ten years ago, though the thoughtful astronomer
had become convinced that these objects really belong to
the domain of astronomy, doubt still rested on that theory
of their nature. Men could scarcely believe that the vast
depths amidst which the planets pursue their career around
the Sun are the home of countless bodies which rush with
even more than planetary velocity upon wide orbits round
the solar orb. It seemed incredible that each of those
faintly gleaming lights, passing with silent swoop across a
star-group—leaving no trace of their existence and seem-
ingly as little important in the economy of nature as a rain-
drop or a snow-flake—indicates the close of a career during
which the mighty orbits of Jupiter and Saturn have been
encircled, nay, often the utmost limits of the known plane-
tary scheme overpassed by uncounted millions of miles.
Even now, when the nature of these objects has been
revealed to us, and some insight afforded us into the part
which they perform in the economy of nature, it seems diffi-
cult to realise the full significance of ascertained facts. The
very aspect of the planetary scheme seems changed as we
contemplate the results of recent labours in meteoric astro-
nomy. Kepler and Copernicus, could they revisit this
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world, and, mixing as of old among astronomers, inform
themselves respecting the theories now upheld, would
scarcely recognise the scheme of the universe so unfolded to
their view. Truly the harmony of the planetary system
recognised by Kepler seems strangely marred, ‘as sweet
bells jangled out of tune and harsh,” by these eccentric
meteor orbits. These crowds of independent orbs rushing
disorderly around the Sun, in no sort resemble the ¢ obedient
family’ which Copernicus recognised in the solar system.

Many times during the last few years the history of those
discoveries and researches by which meteoric astronomy has
reached its present position has been recounted. It is not
my purpose to describe these matters anew. But it has
seemed to me that the approach of the Earth towards that
great stream of meteors to which the November shower is
due, will render a brief discussion of some of the most
striking facts latcly discovered not unacceptable even to
many who look on astronomy from afar off, and regard
astronomers somewhat as Indians regard their medicine-
men.

We may take the November shooting-stars as typical of a
class of meteor-systems, which must undoubtedly  be very
numerous. It is true that as the Earth sweeps on her wide
orbit round the Sun she encounters few such streams as that
to whieh the November meteors Belong. As she reaches
certain critical parts of that orbit she is exposed, indeed,
year after year, to a species of cannonade of greater or less
intensity ; and occasionally the weight of metal with which
she is thus assaulted is far heavier than any which she has
to encounter during the second week in November. But
for a systematic and continuous downpour of missiles the
November stream is unsurpassed by any, except perhaps the
August meteor-system. If we could count the total number
of meteors which have been rained upon the Earth during

L imew:

ol
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the past five or six centuries, and assign each individual
meteor to its proper system, I have very little doubt that
the November stream would be found to have supplied a
full tenth part, though the total number of systems which
our Earth encounters is known to exceed one hundred.

This being the case, it may be worth inquiring whether
the November system is in reality richer than the others °
—whether there is anything in what we know about this
stream to lead us to suppose that it is more important than
the rest.

It seems to me abundantly clear that the contrary is the
case. We have only two means of judging of the richness
and importance of a meteor-system. One is the observation
of its apparent richness, and the individual magnitude of
the meteors belonging to it. But the apparent richness
alone can be but a deceptive indication of the real richness
of a stream of meteors. If we were sure that the Earth
plunged through the heart of each meteor-stream, we could
indeed learn something in this way, precisely as we might
compare the relative thicknesses of different cords by the
resistance experienced in piercing them through the middle
with 4 needle. But we have no assurance whatever that
the Earth passes through the heart of a single meteor-
system. It may be that if she did the results would not be
altogether pleasing or %atisfactory to her inhabitants, and
certainly the chances are emormously against her doing so.
The minuteness of the space actually passed through by the
Earth on her course round the Sun—at least the minuteness
of this space by comparison with the dimensions of the solar
system—is not commonly appreciated. If we represent the
Sun as a globe about as large as a billiard-ball, the space
along which the Earth pursues her course would be repre-
sented by a thread or twine forming a circle nearly eight
yards in diameter. Now, conceiving such a circle, and
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regarding the meteor-systems as oval hoops round the
central ball, which happen to cross this fine circular thread,
it is scarcely conceivable that in one case out of a thousand
the thread would pass centrally through the substance of one
of the hoops.

We can therefore infer little or nothing from the appa-
rent richness of meteor-streams as to their real importance,
because we do not know whether our Earth passes through
the core of any particular stream or merely grazes its
surface. '

We may learn something from the average dimensions of
the meteors belonging to a system, though our inferences
may not be altogether reliable. So far as this point is con-
cerned, the November meteors would seem relatively in-
ferior to many others. They are too small to penetrate
through the atmosphere, so as to reach the surface of the
Earth, not one instance being on record of a November
meteor affording any tangible evidence of its existence ; and
from the researches of Professor Alexander Herschel, it
would seem that on the average the November meteors
weigh but a few grains each. When we compare this with
the fact that bodies belonging to other systems have been
found to weigh many pounds, some even being several tons
in weight, the relative insignificance of the November
system in this respect will be clearly recognised.

But there is a second method by which in comparatively
recent times it has become possible to guess at the im-
portance of different meteor-systems.

The surprising discovery that many meteor-systems are
associated with comets has not hitherto been fully inter-
preted. We know quite certainly that along the orbits of
certain comets there travel myriads of tiny bodies—meteors
—which we assume to be solid. But what connection there
may be between the gaseous comet and its solid attendants,

’
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whether the comet gave birth to the meteors, or whether
the meteors in some way or other combined along one part
of the system to form the comet, has not hitherto been
explained. It may be regarded indeed as one of the most
mysterious facts ever discovered by astronomers that any
association whatever should exist between bodies seemingly
so different in their nature as comets and meteors. But
there the wrelation is, let us make of it what we will. No
doubt rests on the reality of the discovery; no one who
understands the nature of the evidence can believe for a
moment that the relationship is merely apparent, and the
coincidence of orbits merely accidental. So that, in fact, it
has come to be gravely questioned whether any meteor-
system exists without a cometic nucleus, and whether any
comet exists without a meteoric train.

Be this, however, as it may, we are at least justified in
comparing together such meteor-systems as are known
to be associated with comets, and inferring the probable
importance of such meteor-systems from the observed
brilliancy of their comet-chief.

Now, judging in this way, we should be led to conclude
that the November stream, notwithstanding the wonderful
magnificence of the star-showers observed when the Earth
passes through the system, is in reality one of the least im-
portant of the meteor-systems. The comet with which it
has been (beyond all question) associated, is so faint and
small that it has never yet been discerned by the unaided
eye. In a powerful telescope it appears but as a faint nebu-
lous light, nor is it even adorned with the ordinary append-
age of respectable comets—a tail. Taken apart from the
significance of what we know respecting it, this comet is
certainly one of the least striking objects which the tele-
scope bhas ever revealed to astronomers,

On the other hand, the August meteors are associated
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with a comet of distinction—with a comet which has been
watched by many millions of human beings as the harbinger
of some uncanny event, and has been recognised even by
men of science as worthy of respectful attention. Indeed, if
its approach had been anticipated and its course known, but
the hour of its arrival uncertain, it is far from unlikely that
men of science would have looked forward with some dread
to the possible effects of its arrival. For it was one of those
comets—few, indeed, among the larger sort—whose track
crosses the Earth’s; and had it come but a few months
earlier or later, we should by this time have had the means
of answering that long-vexed question whether the Earth
would suffer injury were she to come into direct collision
with a large comet. So that if we judged of the relative
importance of the August and November meteor-systems by
a reference to the relative importance of their comet com-
panions, we should undoubtedly conclude that the August
meteors are far the most important. It would follow from
this that, since the November meteor-system produces showers
quite as striking as any seen in August, we do not in reality
see the full splendour of the August meteors, but, passing
only through its edge, recognise but the scattered outliers of
the system.

But this being so, those who remember the magnificent
display of November meteors in 1866, will consider with
amazement how grand the August system must be if it is
really capable of supplying a far more splendid shower. We
remember how the stars seemed to fall continuously, so that
at every instant (at least during a certain interval) shooting
stars could be seen in some part or other of the heavens.
And we know, also, from the accounts of Humboldt and
Bonpland that, sixty years before, there had been a yet
grander display. If a meteor-system associated with so
insignificant a comet as that of 1866 can produce these
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wonderful showers, how inconceivably magnificent would be
the scene if the Earth passed through the heart of the
August meteor-system, associated as that system is with a
comet of considerable splendour!

But similar considerations may fairly be extended to all
the meteor-systems which the Earth encounters. These are
counted by the hundred, and though most of them seem
insignificant compared with the August and November sys-
tems, yet we have seen that no opinion can hence be formed
of their real importance. Some of them may as far exceed
the August system in importance as that system probably
exceeds the November system. Nay, we have two excellent
reasons for feeling some degree of assurance in this respect ;
for one of these less noted systems has been associated with
the comet of 1861—an object not inferior in splendour to
Donati’s comet—and some of the recognised systems occa-
sionally send us visitors in the form of massive aérolites,
compared with which the tiny bodies forming the August
and November meteors are as small shot to the Whitworth
bolts. Startling, however, as are the considerations thus
suggested, it is when we pass in imagination beyond the
confines of the Earth’s orbit that the true significance of
what we know respecting meteors and meteor-systems be-
comes apparent.

We have seen that our Earth really visits but a minute
proportion of the solar domain. The space actually tra-
versed by our globe as it circuits round the Sun, though
enormous compared with any of our ordinary estimates of
size—nay, though exceeding fiftyfold the volume of the Sun
—is yet but the minutest fraction of that vast sphere over
which the Sun exerts supreme sway.

Now, since the meteors are not individually discernible
save when they enter the Earth’s atmosphere, all our direct
information respecting the condition of the interplanetary
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spaces is derived from the actual contact of the Earth with
bodies belonging to those spaces. We obtain our informa-
tion respecting the planets through their visibility, but as
respects the meteors our Earth may be compared to a blind
man in a shower. It is ohly when the meteors or meteor-
systems come into actual contact with her that her inhabit-
ants can have direct cognisance of the existence of such
bodies. Let us follow out this illustration. Suppose a
blind man walked a distance of ten miles, and during the
whole continuance of his walk felt rain falling upon him.
Would it be a reasonable conclusion on his part that the rain
had fallen precisely along the track he had followed, and
nowhere else? Would he not conclude, on the contrary,
that the extent of country on which the shower had fallen
extended probably, at least, as far from right to left as he
had found it to extend in the direction of his walk ? Most
assuredly he would not conclude that a narrow strip, ten
miles long and perhaps a yard wide, had been rained upon,
but rather an area several miles wide. In other words, he
would conclude that, instead of an area of a mere fraction
of a mile in extent, a range of forty or fifty square miles, at
least, had been visited by the shower.

It is equally reasonable to conclude that the track of the
Earth is not the only part of the Sun’s domain which is
crossed by meteor-systems. There is no conceivable reason
why that particular hoop of space should be visited rather
than regions lying around it. And precisely as our illus-
trative blind man, had he stepped to the right or to the left
of his actual path, would have been visited by other rain-
drops than those which actually fell upon him, so we may
reasonably conclude that if our Earth’s orbit were changed
so that she travelled a few millions of miles further from or
nearer to the Sun than she actually does, then she would
encounter meteor-systems altogether different from those
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which now assail her with a shower of ¢ pocket planets.’ To
come to the point for which I have been making all along,
—the whole of the solar domain s alive with meteors. This
is the legitimate conclusion from the evidence acquired
during the last few years. So long as it was thought that
the meteor-systems are nearly circular, there was an escape
from this startling conclusion. It was conceivable that the
meteor-systems might affect the neighbourhood of the
Earth’s orbit, much as the asteroidal family affects the space
lying between the orbits of Mars and Jupiter. But so soon
as Adams and Leverrier, Schiaparelli, Tempel, and the rest,
had made it abundantly evident that the meteors travel in
very eccentric orbits, there ‘remained no escape from the .
conclusion that the intersection of these orbits with the
Earth’s path is to be regarded as a merely accidental circum-
stance. The Earth has absolutely no power adequate to
force these meteor-systems to cross her orbit. We could
understand the orbit of Jupiter or Saturn being crossed by
many meteor-systems, because we know, that if a family of
meteors were passing close by Jupiter on a course which
would carry the family far away again into space, the
mighty attractive force of Jupiter or Saturn would (ordi-
narily) suffice to force the members of that meteor family to
come close to the planet before they could speed again on
their course towards the Sun’s neighbourhood. Whenever
such an encounter as this took place, the meteor family
would, for the future (and until again disturbed by the
planet), travel on a path crossing or very closely approach-
ing the planet’s. But the Earth is far too small to influence
in this way the motions of meteoric families. Those which
approach her speed onwards with a velocity altogether
beyond her control, so that, unless already travelling on a
re-entering orbit passing close by the Earth’s, they could
never be forced by her attraction o enter on such a track.
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A body coming from the stellar depths towards the Sun
could no more be forced by the Earth’s disturbing attraction
to follow a closed curve round the Sun, than a swiftly-
rushing railway train could be caused to leave the rails by
the attraction of a toy magnet.

Since, then, those meteor-systems which cross the Earth’s
orbit are chance visitors, as it were, not drawn to their pre-
sent paths by any attraction the Earth can exert, but coming
of their own accord past her track, it follows that there
must be for each recognised meteor-system uncounted thou-
sands which are unknown to us because they do not approach
the Earth’s track. There is no escape from this conclusion.
The laws of probability will not permit us to believe that,
out of a moderately large number of meteor-systems in no
way attracted to the Earth’s orbit, a large proportion would
traverse that particular track in space. To judge the
number of meteor-systems as no greater than the number
encountered by the Earth, would be like counting the rain-
drops which fall upon a window-pane in London, and con-
cluding that just that number and no more had fallen on
the whole city. .

It is this conclusion which gives so great an interest to
the researches of Adams, Leverrier, and others on the
November meteor-system. If we were sure that that
meteor-system was the only one of its kind, or had but few
fellows, we could attach no great importance to its pecu-
liarities. They would have a certain interest, doubtless, pre-
cisely as the discovery of an asteroid has a certain interest ;
but they would involve no results of cosmical significance.
Under the actual circumstances, what has been proved
respecting the November meteors opens a field of conjecture
of almost boundless extent. Whence come these uncounted
millions of bodies, rushing through space with inconceivable
velocity? What purpose do they fulfil in the economy of
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the solar system? Do any of them pour upon the Sun, as
has been supposed, a hail of cosmical material, replenishing
his fires and recruiting his energies? Has the mighty
attractive influence of the Sun, which guides the planets on
their wide circuits, this further work to perform, of gather-
ing from out of space the material by which his own fires
are fed? Or do these myriads on myriads of cosmical
bodies, with all the vital forces represented by their velo-
city, subserve no purpose whatever in the economy of our
system? Are they the chips in the great workshop of
Nature, the sparks which have flown from the mighty grind-
stone, the shreds of clay which the giant potters Attraction
and Repulsion have cast aside as useless ?

This paper was accompanied by the following note :—

Our readers may be desirous of learning what are the
chances that the display of November meteors will this year
be worth observing. In 1866, it will be remembered, the
great display lasted but a few hours. Had it occurred
either a few hours sooner or a few hours later, we, in
England, should not have witnessed it. In the former case
we should have been on the sheltered part of the Earth—-
to leeward, so to speak, of the meteor storm ; in the latter,
though the meteors would have fallen upon portions of the
atmosphere above our horizon, it would have been full day-
light, and we should have seen no trace of them. In 1867
the display also lasted but a very short time, and was not
visible in England. Had the shower in succeeding years
lasted an equally short time, it would have been possible to
tell, at least approximately, where the display would be
seen this year. But since 1867 the November meteors have
supplied a shower lasting many hours, though not so rich as
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in the former years. Last year, indeed, the shower would
seem to have lasted several days, since observers noticed
that on the 11th, 12th, 13th, 14th, and 15th of November,
the stray shooting-stars travelled from that part of the con-
stellation Leo which is called the radiant of the November
meteors. At intervals the stars fell pretty thickly, and all
the observed facts seem to indicate the justice of the view
put forward by Professor Alexander Herschel (at the
November meeting of the Royal Astronomical Society), that
the system has separated since 1866 into three distinct
strata. I had myself put forward in October a somewhat
similar theory. Referring to the observations made on the
meteors in 1868, I said (in the Student for the above date),
¢ There were several maxima,’ ¢the epoch of maximum
display observed in the United States did not correspond
with the hour named by Professor Grant,’ of Glasgow, as
the hour at which the shower reached its maximum; and
further on, referring to observations made at the Obser-
vatory of Capetown,—¢ here then was a third maximum
occurring before Professor Grant’s” In the same paper I
drew an ideal picture of the system indicating the probable
nature of the part to be traversed in 1869, and the great
width I assigned to this part corresponded exactly with the
observed event. I feel, therefore, some confidence i
announcing my opinion respecting the shower this year. I
believe that on the nights of November 11-15, after twelve,
many meteors belonging to this system will be visible, and
that at intervals on the nights of November 12 and 13 (that
is, the nights between November 12-13, and November
13-14) there will be from midnight to dawn showers of
stars, not comparable in splendour, perhaps, with the dis-
plays which took place in 1866 and 1867, nor lasting many
minutes, but still well worth observing.
M
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[This anticipation was confirmed by the event. But the
display of 1870 was the last of the series inaugurated by the
magnificent shower of 1866. In 1871, as already men-
tioned, only a few stragglers were seen. ]

English Mechanic for November 4, 1870.

e
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THE ZODIACAL LIGHT.

IT cannot but be regarded as a remarkable circumstance
that the nature of the Zodiacal Light should in the present
state of astronomy continue to be a questio vexata. I do
not here refer to the physical constitution of this object,
respecting which we may possibly be unable for many years
to form a satisfactory theory, but to the determination of
the actual position of the Zodiacal Light in space. As-
tronomers have been able to determine from geometrical
considerations the paths of such objects as comets and
meteors ; it would therefore seem that the position of such
an object as the Zodiacal Light ought ere this to have been
determined. .

Yet it must be admitted that there are peculiar difficulties
in this problem. We can reason respecting the distance and
motion of a comet, because we know that our observations
are made on one and the same body, whose motions are in
accordance with the laws of gravity. It is otherwise with
respect to the Zodiacal Light. We see a certain glow or
radiance occupying a definite position with respect to the
horizon and to the celestial circles ; but we have no means
of ascertaining whether the objects from which that radiance
proceeds are the same at any one time as at any other, or
indeed (as will presently appear) whether a single one of
the constituents forming the zodiacal gleam at one season
is present within the same region of the solar system at
another.

The geometrical considerations applicable to the Zodiacal

u2
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Light are, however, too definite to admit of question—in
other words, the path to be followed in seeking for a theory
of this object is unmistakable. Hitherto, so far as I am
aware, that path has not been traced out far enough for the
attainment of definite views—the perplexities which pre-
sently surround us as we follow it having seemed perhaps to
render further research hopeless.

It happens, however, not unfrequently, that the very
difficulties surrounding a subject of this sort assist us—in
this way—that they enable us to reject theories which
otherwise might engage our attention and so cause per-
plexity. Precisely as the very complexity of a lock makes
us all the more certain that a key which opens the lock is
the key really appertaining to it; so, where a subject of
astronomical research presents many perplexing phenomena,
these become so many reasons the more for accepting a
theory which is not contradicted by any one of them.

This is, I think, the case with the Zodiacal Light. By
considering the peculiarities of this object, we are able—
as I hope now to show—to get rid, one after another, of
various theories which might otherwise distract our atten-
tion. And though by this process of elimination we may
not be enabled to determine quite the true theory of this
object, we can yet considerably narrow the field within
which selection has to be made.

The first considerations to be dealt with are those which
depend on the normal features of the Zodiacal Light. It
is well known that the light exhibits usually the figure of
an oblique conoid whose axis lies close by the ecliptic, and
whose vertex lies at a varying distance from the position of
the Sun. Near the axis the light grows brighter, except
close by the vertex, where it is even fainter than at the
other parts of the border. The following table, prepared by
Herr Klein, from modern observations, indicates the varying
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range of the vertex from the place of the Sun—though it
must be remembered (and will be recognised at once by
everyone familiar with the varying position of the ecliptic
during the year, and other like circumstances) that these
measures indicate variation in the extent of visibility rather
than (of necessity) any real variation in the extent of the
light.

Distance of Vertex

Day of the Year from 8un. Part Observed.
January 2 830 Western half.

26 91-8 "
February 11 810 .
March 14 740 .
April 14 750 "
May 4 850 "
August 1 770 ”
September 15 580 Eastern do.
October 17 745 »
November 12 713 .

29 665 “
December 13 610 .

28 805 ,.

The setting of the Zodiacal Light when the western half is
visible, and the rising of the light when the eastern half is
visible, take place quite regularly, and in a manner precisely
corresponding with what would be observed if the Zodiacal
Light were a distant object like a planet, a star, or a portion
of the Milky Way.

Now these circumstances at once enable us to reject the
theory that the Zodiacal Light is a terrestrial appendage—by
which I understand for the moment an object lying within
the Earth’s atmosphere. For there can be no question
whatever that if any definite portion of our atmosphere
were rendered luminous in any way, that portion would
either occupy an unchanged position, or would shift ac-
cording to the laws regulating the process of illumination,
or according to the winds, or other like terrestrial causes.
Now that on any given occasion such causes might so
operate as to give the illuminated air the appearance of

b
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rising or setting as celestial objects do (that is, not merely
rising or setting, but rising or setting along declination
parallels) is quite possible, however unlikely. To take an
illustrative instance: a balloon, seen at any ome instant
between an observer and the Sun, might be carried by the
winds so as to continue between him and the Sun, even
until the hour of sunset. But to suppose that night after
night at any station a relation so peculiar wouid characterise
the illuminated air, is like supposing that a balloon, started
day after day from a given place, would day after day fulfil
the condition considered above. This is obviously in-
credible. But even if it were credible, it would be insuffi-
cient, since the region of our atmosphere which would
have to be illuminated in order to account for the Zodiacal
Light as seen in one place, would, as seen from other stations,
present an appearance wholly different from that of the Zodia-
cal Light. In fact, if the former place were in England, the
Zodiacal Light would actually be overhead at places 900
miles or so west or east of England.

Next we have the normal aspect of the Zodiacal Light in
different latitudes to comsider. Now we have the most
positive assurances from astronomers of eminence that the
Zodiacal Light, wherever seen, occupies ordinarily precisely
those regions of the heavens corresponding to the theory
that it is too far from the Earth to have an appreciable
parallactic displacement. We have the evidence of practised
astronomers like the Astronomer Royal for Scotland, Captain
Jacob, and others ; and all the evidence we have points to
the conclusion that the Zodiacal Light, as seen in the tropics,
extends at any moment over those same parts of the stellar
heavens which it illuminates as seen from our northern
stand-point. The limits of the light may seem greater in
those latitudes than in ours, but the axis of the conoidal
gleam is situated precisely as with us.
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Now it seems wholly unquestionable that this quality of
the light should dispose at once and for ever of the theory
that the Zodiacal Light is due to the existence of a ring of
matter around the Earth.

Let it be remembered that there is only one way in which
the ordinary aspect of the Zodiacal Light can at all be in-
terpreted on such an hypothesis. If there were a ring of
meteorites as far from us as the Moon is, then undoubtedly
there would be a gleam in the west after sunset, and in the
east before sunrise, in the position where we see the Zodiacal
Light. And further, the individual meteorites producing
any portion of that gleam would undoubtedly rise and set
much as the Zodiacal Light is observed to do. But there
would also be a gleam, and a much brighter gleam, in the
south. The meteorites rising and setting would turn only a
small portion of their illuminated faces towards us, those in
the south (on or close by the ecliptic) would be ¢full,’ so to
speak, and their combined lustre would be proportionately
more considerable. Now supposing the ring exactly co-
incident with the ecliptic, the Earth’s shadow would fall on
the part due south. But the width of this shadow would
(on the supposition we are considering) be relatively small.
At midnight, in our latitudes, we should undoubtedly, on
this supposition, see two arms of light extending from the
eastern and western horizon along the eeliptic, each growing
brighter and brighter towards the south; and a relatively
narrow black rift would lie between the bright extremities
of these arms. It is no theory that this would be the case,
but a simple deduction from the most obvious geometrical
laws.

If then we are to have a ring round the Earth, it must
lie far within the Moon’s orbit, so that the Earth’s shadow
may be wide enough to cover the meteorites along the whole
of that long arc which under ordinary circumstances is
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undoubtedly unilluminated. The Earth’s shadow cannot be
more than 8,000 miles across anywhere, and we must have our
ring at such a distance that this width of 8,000 miles may
correspond to (or subtend) that wide arc of darkness actually
observed under ordinary circumstances. (It is absolutely
essential that ordinary circumstances should be accounted
for ; only when this has been done need we begin to inquire
into extraordinary circumstances.)

Now we need not leave our own latitudes to decide how far
off the ring should be to account for the apparent dimensions
of the Zodiacal Light ; because on the theory that the Earth's
shadow, falling on a ring of some sort, defines the limits of
visibility of the light, it would follow, precisely as in the case
just considered, that the light would grow brighter and
brighter up to the very edge of the shadow. (Supposing
that edge to correspond to the extent of the Earth’s shadow,
there would be a somewhat ruddy bordering ; but up to the
commencement of that fringe there would be a regular
increase of brilliancy.) But passing over this consideration
(and also the consideration that the observed aspect of the
Zodiacal Light in our latitudes is wholly inconsistent with
the aspect thus shown to be due to the hypothesis we are
dealing with), we may take as most favourable to the
hypothesis of a meteoric ring near the Earth those observa-
tions of the Zodiacal Light in tropical regions which give to
the ordinary apparitions of the light the greatest observed
extension from the Sun.

" We have it on the authority of Professor Piazzi Smyth
that, even when he observed the Zodiacal Light under ex-
ceptionally favourable conditions—from an elevation, namely,
of no less than 11,000 feet above the sea-level—the western
tongue had completely set fully four hours before the eastern
tongue began to rise. Now even if the eastern tongue were
just beginning to rise when the western tongue had fully set,
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there would still be an arc of 180° between the two vertices.*
But the shadow of the earth would not account for such an
arc as this between the vertices, unless the outer part of the
ring had a radius not exceeding +/2 x radius of the Earth
(even in the most favourable case of a station near to the
equator), and with such a radius as this the outer part (even)
of the ring would be always invisible from places having a
higher northerly or southerly latitude than 45°.

And even if we set this demonstration on one side for a
moment, it is yet obvious that a ring lying relatively near
the Earth, whether it coincided in plane with the equator,
or with the ecliptic, or with any intermediate plane, could
not. possibly exhibit any approach to coincidence with the
celestial ecliptic, when viewed from high latitudes. Further,
as seen from high northern latitudes, such a ring would
always have a parallactic displacement causing it to lie to
the south of its geocentric position, and vice versd : whereas
no such association between the latitude of the observer and
the apparent position of the Zodiacal Light has ever been
observed ; far less such a systematic association as the case
requires.

It is geometrically impossible, then, that the ordinmary
aspect of the Zodiacal Light can be accounted for by any
theory which represents it as due to a ring of light-reflecting
bodies around the Earth, whether that ring be close by the
Earth or at a distance comparable with the Moon’s.}

* It must be remembered that each vertex, as the Zodiacal Light was seen by
Professor Smyth, lay close by the ecliptic.

+ While dealing with the relations presented by the Saturnian ring-system,
in 1864, I was led to aprly the formula, with suitable changes of elements, to
the case of a ring circling the Earth; being invited to the inquiry by the
perusal of the observations made by Lieut. Jones, and comments made thereon
by Baron Humboldt. I found that there is not a single hypothesis as to the
dimensions of such a ring which would lead to results according with or even in
the slightest degree approaching the results of observations made upon the
Zodiacal Light. This conclusion is embodied in a note at p. 117 of that treatise;
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We need not consider the theory that the light may be due
to a self-luminous ring around the Earth, for obvious reasons.

Now, passing from the normal features of the ring to more
or less exceptional peculiarities, we find ourselves compelled
to reject yet one other theory of the light—I mean the
theory that it is due to a dise of minute bodies travelling in
orbits of small eccentricity around the Sun.

The peculiarities which oppose themselves most strikingly
to this theory are those which relate to the position and ex-
tent of the Zodiacal Light, though it will be obvious that the -
observed variations in the apparent brightness of the light
are not readily explicable on this hypothesis.

Admitting the existence of a disc of bodies, travelling as
supposed, it will be evident that the changes affecting the
motions of any member of the system would correspond
exactly to those which would affect the motions of any con-
siderable orb travelling at a similar distance from the Sun.
In other words, the changes would resemble those slow
periodic changes which affect the orbits of the Earth, Venus,
and Mercury. Nor is it conceivable that the members of
the system would so interfere with each other’s motions as
to affect appreciably at any time the appearance of the
disc. Now changes such as these, affecting the individuals
of a set of bodies which at any one time were spread with a
certain uniformity (as the ordinary appearance of the
Zodiacal Light would imply to be the case with its con-
stituents) could not account for the observed changes in the
position and extent of the light. The axis of the gleam has
in which note I remark that such investigations ¢ prove that the Zodiacal Light
cannot be due to a ring of minute satellites surrounding the Earth, the appear-
ance of the ring in high latitudes being altogether different from that which
would be presented by a ring surrounding the Earth.’ I am careful to refer to
these researches and their results, because remarks have been published imply-
ing that I have somewhat hastily come to a decision on the points here dealt

with. A complete mathematical investigation of the subject, made fully eight
Years since, may be regarded as fairly meeting those remarks.



THE ZODIACAL LIGHT. 171

been seen at times by practised observers, inclined at a con-
siderable angle to the plane of the ecliptic. The extent ot
the Zodiacal Light has varied at times in the most remark-
able manner, while its luminosity has been so variable that
sometimes for months together it has been scarcely percep-
tible (in our northern latitudes) ; while at others it has been
singularly conspicuous. I set on one side for the moment
those observations by Lieut. Jones which would imply that
at times the Zodiacal Light increases so greatly in extent as
to become visible at once both on the eastern and western
" horizon. I also set on one side those observations by
M. Liais according to which the Zodiacal Light can be seen
at times extending as a complete arch from the eastern to
the western horizon. Assuming these observations to be
reliable (and those by M. Liais do not seem open to ques-
tion), a true theory of the Zodiacal Light may be expected
to account for them. But without insisting on this, it is
evident, I think, that the admitted variations of the Zodiacal
Light, in position, extent, and splendour, do not admit of
being interpreted by the theory that the light is due to a
disc including always the same materials moving in orbits
of small eccentricity.

Nor do our difficulties seem removed if we assume that
the constituents of the disc travel in orbits of considerable
eccentricity, so long as we suppose that the actual constitu-
tion of the disc is constant, or nearly so, amidst whatever
variations in the distribution of individual constituents.

Yet the general aspect of the Zodiacal Light, and the con-
siderations already applied to other theories, suffice to prove
that there is always present around the Sun, as centre, a
disc either composed of discrete meteorites, of vaporous
masses, or of some combination of these and other forms of
matter. The materials of this disc must be in motion
around the Sun in accordance with the laws of gravity; at
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least we have no evidence whatever inviting us to the sup-
position that they differ in this respect from all the other
constituents of the solar system.

We are thus led to the conclusion that the bodies com-
posing the Zodiacal Light travel on orbits of considerable
eccentricity, carrying them far beyond the limits of what we
may now term the zodiacal disc. The constitution of the
disc thus becomes variable, and that within limits which
may be exceedingly wide. They must be so in fact, if all
the recorded variations of the Zodiacal Light are to be
accounted for. In other words, it is requisite (if our evi-
dence is to be explained) that the paths of the materials
comprising the Zodiacal Light shall be not only for the most
part very eccentric, but that along those paths the materials
should not be strewn in such a way that a given portion of
any path is at all times occupied by a constant or nearly
constant quantity of matter.

According to this view the constituents of the Zodiacal
Light would—at least as respects distribution along their
several paths and the general figure of those paths—resemble
very closely the meteoric systems which, as we know, the
Earth traverses in the course of her annual motion around
the Sun.

By considering the Zodiacal Light we have thus been led
to a theory involving, and associated with, the theory of
meteor-systems as now established by the labours of Adams,
Leverrier, Schiaparelli, and others. But it is worth noticing
that by reversing the process, and considering first the
theory of meteor-systems so established, we are led quite as
readily to the theory that there must at all times exist in
the Sun’s neighbourhood a disc of discrete constituents
which would present precisely such an appearance as the
Zodiacal Light. I have shown elsewhere that this result is a
simple mathematical deduction from the evidence.
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But setting this consideration wholly on one side, the fact
remains that all other theories of the Zodiacal Light—that is,
of the motions of its constituent parts, without reference to
its physical constitution—have been eliminated. It remains
only to be shown that this theory is controverted by no
peculiarities in the observed appearance of the Zodiacal
Light, and also that we should inquire what further general
laws, if any, may be predicated of the motions of the bodies
composing this object.

The fact that the axis of the Zodiacal Light is ordinarily
close to the ecliptic, is accounted for on the assumption that
the various paths along which the constituents of the zodia-
cal disc travel, tend to aggregate towards the neighbourhood
of the ecliptic. There is nothing, however, to prevent
individual systems from having a considerable inclination to
that plane.

The observed variation of the Zodiacal Light in brilliancy,
position, and extent, is obviously to be expected according to
the view of its structure now under consideration.

The simultaneous appearance of an eastern and western
light and Liais’s observation of a complete arch of light,
have to be accounted for as highly exceptional, but at the
same time recognised phenomena. It is easy to see that
both these phenomena may be regarded as indicating the
occasional but very exceptional extension of the zodiacal
disc to a considerable distance beyond the orbit of the
Earth. But it must not be concealed that there are grave
difficulties to be removed before this interpretation can be
regarded as satisfactory.

Let us suppose, for instance, the case of a thin luminous
disc occupying the whole orbit of Mars, and that the Earth
is in the part of her orbit where her distance north or south
of this plane is greatest. Then it will be evident that the
outline of the disc as seen from any part of the Earth would
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correspond very nearly to a great circle of the heavens, and
that the whole of the visible heavens south or north of
that great circle would be hidden by the luminous disc. In
other words, a region of the heavens far larger than that
occupied by the arch of Liais, or by the eastern and western
lights of Jones, should be occupied by the Zodiacal Light if
it had some such extension as we have assumed in the case
of this luminous disc.

It is to be remembered, however, that, assuming (as we
are bound to do) a considerable degree of flatness in the
actual figure of the zodiacal disc, and more especially of its
more distant portions, then much more light would be re-
ceived from those parts towards which the line of sight is
directed at a considerably acute angle, than from those parts
which the line of sight crosses nearly at right angles. And
it is easy to see that on any reasonable assumption as to the
range of zodiacal substance which it is necessary that the line
of sight should traverse in order that any appreciable light
should be received, the occasional visibility of the light where
the superior planets alone can be seen becomes as readily
explicable as the ordinary visibility of the light in those
parts of the sky where the inferior planets become visible.

It will be seen that all that can be strictly said to have
been demonstrated in this paper is the fact that the Zodiacal
Light is associated with the Sun, and not with the Earth ;
that it is not due to solar light reflected from bodies travel-
ling within the Earth’s orbit, whether in circular or elliptic
orbits ; and that if the major part of the Zodiacal Light is
reflected solar light, then the paths of the bodies reflecting
that light must resemble those of the meteors encountered
by the Earth. As the spectroscope seems to show that at
least a portion of the light* of the zodiacal gleam is not

* I use this mode of speaking not by any means as doubting the accuracy of
Angstrom’s observation ; but because even if the greater part of the light gave
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reflected solar light, we cannot, in the present state of our
knowledge, definitely decide on a theory as to the motions
of the bodies to which the light is due. For the solution of
the problem is obviously bound up with the interpretation
of the physical nature of the Zodiacal Light. If some solar
actiod, for example, rouses luminosity in certain definite
directions—as, for instance, near the plane of the Sun’s
equator—in some such way as light is caused to appear along
radial lines through and beyond the heads of comets, our
power of theorising from such considerations as have been
dealt with in this paper would be limited. It would still
remain certain that the Zodiacal Light is not a terrestrial
appendage (either near or far off), but what sort of solar
appendage it might be would be a problem as difficult to
solve as that presented by comets.

If the radiated structure of the Sun’s corona as seen under
favourable atmospheric conditions should be confirmed as
more than an optical phenomenon, it is not impossible that we
might be put in the way of interpreting the Zodiacal Light.

Monthly Notices of the Royal Astronomical Society for Nov. 1870.

a continuous spectrum, yet this spectrum might remain undiscernible even when
bright lines corresponding to & very minute proportion of the total light were
seen with ease. Nay, such bright lines as Angstrém found in the spectrum of
the phosphorescent light from the sky might be detected when a continuous
spectrum from the much brighter light of the zodiacal radiance remained
unseen,
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THE SOLAR CORONA AND THE ZODIACAL LIGHT

WITH SUGGESTIONS RESPECTING OBSERVATIONS TO BE
MADE DURING TOTAL SOLAR ECLIPSES.

(A PAPER WRITTEN WITH SPECIAL REFERENCE TO THE ECLIPSE OF
DECEMBER 1870.)

ToraL eclipses of the Sun last so short a time that, if
possible, no part of that time should be wasted through
a misapprehension of the nature of the phenomena to be
observed. On this account I cannot but think it would
be a matter to be much regretted if mistaken views were
promulgated respecting the corona, supposing it to be pos-
sible—which I take to be the case—to form just views from
the evidence already in our hands.

The principal object of the observations to be made during
future solar eclipses will be to ascertain the characteristics of
the solar corona. Observers will certainly be able to work
much more effectually if they know beforehand the general
nature of the phenomenon, for they will thus be guided not
only in the selection of modes of observation, but also by know-
ing what points it is most important they should attend to.

I think it so essential to avoid raising unnecessary doubts,
that I would not venture to express the opinion that the
corona is wholly a solar appendage if I had not given the
matter very careful consideration, and found the evidence
overwhelmingly strong in favour of this view.

It is hardly necessary to discuss the theory that the corona
is due to the diffraction of solar rays which pass near the
Moon’s edge, because that theory has been thoroughly dis-
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posed of by Brewster's arguments. Nor need we consider
La Hire’s theory that the phenomenon is due to the reflection
of the solar rays from the irregularities of the Moon’s sur-
face, as it is obviously inconsistent with the observed pecu-
liarities of the corona.

But a theory has recently been put forward that the corona
is simply due to the glare of the terrestrial atmosphere, and
this theory has been adopted by astronomers of standing. I
hold it to be important, therefore, that this theory should be
subjected to careful scrutiny, as undoubtedly, if it be er-
roneous, much mischief may be done to the cause of scientific
progress by its promulgation.

The first and most obvious evidence against this theory is
the fact that the Moon is projected as a dark disc on the
bright background (so to speak) of the corona. The theory
requires that the corona should, in fact, not be a background,
but a foreground ; and one might naturally inquire how the
Moon, which is beyond the Earth’s atmosphere, should come
to be apparently projected upon the supposed glare of that

_atmosphere.

But though this circumstance is in itself decisive of the
matter at issue, let us turn to less obvious considerations.
As a matter of fact, we know that light reaches the eye along
lines tending from the neighbourhood of the eclipsed Sun.
Let us inquire whether in those directions there is illuminated
air; if not, optical considerations will force us to regard the
source of light as beyond the air.

The eclipse of December [1870] is not a favourable one for
my argument ; but it will be more interesting, and perhaps
more useful, to consider it than any other.

In Fig. 8, let A represent the position of an observer on
the line of central eclipse, somewhere in the south of Spain.
At such a station the eclipsed Sun will be almost 30
degrees above the horizon; and I find from a valuable paper

N



178 ASTRONOMICAL ESSAYS.

which Mr. Hind has been good enough to forward to me,
that the shadow-cone will be about 50 miles across, where it
reaches the Earth. Obviously, then, the shadow on the

Earth will be an ellipse whose major axis will be about 100
miles, its minor about 50 miles in length. I.et AS then be
drawn inclined at an angle of about 30° to H A H’, the
horizon line at A in a vertical plane through the Sun; and,
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having Ac¢, Ac each to represent a space of 50 miles; let
c¢m and ¢ m’ be drawn, each inclined about 16" to A S, so
that while A S is directed towards the Sun, ¢ m’ and ¢cm
would be directed towards the highest and lowest points of
the Moon’s limb. Then m’ ¢ m ¢ is a vertical section of the
Moon’s shadow. :

Now we do not know the height of the terrestrial atmo-
sphere, but we may confidently believe that no air above the
height of 100 miles can reflect any appreciable amount of solar
light to us.* Let us therefore take A Z to represent 100
miles; then HZ H’ will represent the limits of the light-
reflecting air, where H H’ is about eighteen times as great
as AZ. The portion of the atmosphere above the horizon-
plane of the observer will therefore -be of the figure produced
by the revolution of H Z H’, about the vertical axis A Z.
It will be, in fact, a plano-convex lens.

Let ¢cm and ¢ m’ meet HZH’ in b and ’; then the por-
tion bcc b’ will be in the Moon’s shadow. (The effects of
refraction are obviously insignificant.) The only light which
can reach this part of the atmosphere is that from the
chromatosphere (to use a convenient but unsatisfactory name)
and the coloured prominences, or from the earth and sur-
rounding illuminated air. Towards b and 4’ the observer
will recognise the first faint traces of directly illuminated
atmosphere, and the light will gradually increase above %’

* Bravais, from a discussion of Lambert’s observations of the crepuscular
curve, deduced a height of nearly 100 miles. His own observations, made from
the summit of the Faulhorn, gave a height of about 66 miles. Neither estimate
refers to the actual limits of the atmosphere however. Dr. Balfour Stewart

considers that perhaps the best means of judging on this point would be by -

observations made on the aurora. From such observations made in 1819,
Dalton estimated the extreme height of the auroral light at 102 miles ; Sir
John Herschel estimated the height of an auroral arch seen on March 9, 1861,
at 83 miles (undoubtedly the aurora is often seen much lower). The limits of
air capable of reflecting light must certainly lie much below the actual limits
of the terrestrial atmosphere.

x 2
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and below b (more rapidly in the latter case than in the
former). By a careful construction (a method quite exact
enough for such an inquiry as the present), I make the angle
S A « about 6° and the angle S A o about 9°.

This, however, refers to only one section of the shadow-
cone. To determine (roughly) the extent of illuminated
atmosphere in a horizontal direction, we have only to con-
sider the air-lens HZ H’ as supposed to be viewed from
above. In Fig. 9, ¢ ¢ represents the actual shadow on the
earth; b b the intersection of the shadow-cone with the
Jimits of our hypothetical envelope 100 miles high. Thus
bb cc, Fig. 9, represents simply a vertical view of the por-
" tion bed b’ of the shadow-cone in Fig. 8. Lines ba,b o,
drawn from the centre of the ellipse ¢ ¢, touching the ellipse
bly, give approximately the angular width of that part
of the heavens within which no atmosphere directly illu-
minated by the Sun can be visible. I find from a careful
construction that a b and «’ b would include an angle of
about 144°.

Thus we obtain a nearly circular region (in which the Sun
is eccentrically situated), having a horizontal diameter of
about 143° and a vertical one of about 15°, within which
there is not any light whatever from directly illuminated
air. The Sun would be about 6° from the lowest point of
this dark region.

With regard to the light from the prominences and the ‘
chromatosphere, upon the air within this region, we know that
it cannot suffice to light up the air with any strong, if even
with any appreciable glow; because we know how small
a relation ordinary atmospheric glare bears to direct solar
light, and the glare due to the chromatosphere and pro-
minences would bear a similar relation to the direct light
from those sources. But further, whatever light came in this
way would obviously illumine the outer parts of the shadow-
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frustum b b’ ¢ ¢ more strongly than the parts near the axial-
line AS. Hence a faint diffused light diminishing towards
the neighbourhood of the Moon should result.*

As regards the illumination of the shadow-frustum by
‘light derived from the neighbouring illuminated atmosphere

* This was confirmed during the eclipse of December 1870. Indeed, the
light received from the direction of the Moon guve the ¢ prominence spectrum,’
very faint, of course. It is noteworthy, however, that during the late eclipse
the Moon’s disc appeared green. It was ecompared by one observer to dark
green velvet. At first sight it might appear as though a full explanation of
this was supplied by the fact that the air towards the Moon's body was illumi-
nated by the coroma, the principal line in whose spectrum is green. But as
the corona itself did not appear green, we must suppose that the chief portion
of the corona’s light was in reality that whieh gave the faint continuous spec-
trum; and this must needs be the case with the coronal light reflected by our
own atmosphere. It may be assumed, therefore, that the coronal (reflected)
hight received from the direction of the Moon's body could not have been
appreciably green; and the observed greenness of the Moon's disc must be
otherwise explained.

It seems to me that a sufficient explanation is to be found in the nature of
the light received by the Moon from the Earth during the eclipse. This light
as respects quantity must have been considerable—in fact (for equal surfaces)
some thirteen times that with which the full Moon illuminates the Earth.
The Moon’s shadow on the Earth would have the effect of diminishing this
light by the same amount as if, instead of umbra and penumbra, there were
a black shadow whore foreshortened aspect seen from the Moon equalled the
Mooun’s disc a8 seen by ourselves. Its colour must have been green, I think ;
because the proportion of land and sea surface in the terrestrial disc, as seen
from the Moon, was such that, calling the ocean blue-green and the land
brownish (on the average), the resulting mixed celour would be a dclicate olive
green. (In the Quartcrly Journal of Science for Oetober 1870, I have shown
the exact orthographic presentation of the Earth’s disc towards the Moon near
the epoch of totality.)

Now during the eclipse of 1860 land and sea were turned towards the Moon
in different proportions. The cclipse oceurred in summer, so that the northern
or land portion of the Eurth was less foreshortened, and furthermore the
eclipse occurred at about three in the afterncon, by which hour the two
Americas were well advanced upon the Earth’s disc as seen from the Moon.
One would therefore expect that the Moon’s disc on that occasion should
have presented a brown hue. And accordingly we find Mr. De La Rue so
describing it.

It would appear probable, therefore, that our Earth, as seen from distant
stations, as Yenus or Mercury, is usually a green planet, but sometimes dun or
fawn-coloured. Also her rotation may probably be recognised from Venus
without telescopic aid, simply by her colour-changes.
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and from the Earth, it is only necessary to remark that even
when there is no eclipse the light thus falling on such a
region as b’ ¢’ ¢ would be small; but that while a total
eclipse is in progress all the parts near the shadow-cone are
in nearly total eclipse, and not any part of the whole region
H Z H’ is illuminated by so much as half the solar dise.
Further, the light derived from this source, like that derived
from the prominences and chromatosphere, should diminish
towards the neighbourhood of the Moon’s disc, instead of
increasing as the coronal light does. Also, the light from
all these sources should extend over the Moon’s disc, since
it would illuminate the air between the observer and the
Moon’s body.*

It follows then that, so far from giving an account of the
corona, atmospheric glare gives us a dark region round the
eclipsed Sumn, and a gradual increase of light with distance
from him.

Within this dark space the disc of the Moon, illuminated
by the Earth with about thirteen times as much light as the
new Moon sends to us, ought to be conspicuous by its relative
brightness.

Now, though the reasoning here deals with relations so
simple that a mistake can hardly arise, yet there are certain
tests to which these conclusions may be submitted before we
proceed.

It is clear from Fig. 8, that before the limits of the total
shadow reached A there should be atmospheric glare towards
the Sun, and further that this glare should at first wholly
cover the Moon, and rapidly sweeping across her disc, just
before totality, should pass away from her neighbourhood

* It will be perfectly obvious that the line of reasoning here adopted involves
the conclusion that if the corona be a solar appendage, there will be an atmo-
spheric glow due to the ccroma, as well as that due to the prominences and

chromatosphere. But as my object was to prove that the corona is a solar
appendage, I could not Aere speak of the effects due to this solar corona,
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with undiminished velocity. It would be difficult to detect
such a phenomenon by ordirary observation; though, as I
shall presently show, not impracticable. But supposing a
photograph could be taken an instant before totality, we
might catch the glare while in the act of crossing the Moon’s
dise. Now this could only be managed by a miracle of
dexterity ; but, by a miracle of good fortune, it has been
managed already. The first photograph of Lieut.-Col.
Tennant’s admirable series was taken an instant before totality
commenced ; and there we have the glare just about to leave
the Moon’sdisc, but still trenching
most vhviously uponit. Fig. 10
represents the feature here dealt
with, The light here is true
atmospheric glare, and we see
that, as might have been thought
obvious, it is not limited by the
Moon’s disc which lies so far be-
yond the limits of the air. Then
also we notice another important
point. The edge of the glare is obviously travelling much
faster than the Moon ; for while the Moon proceeds to ob-
literate the last remaining point of the Sun’s disc, the glare
traverses the much wider distance separating its inner edge
from the Moon’s limb. Clearly this velocity would carry the
glare clean away from the Moon, as the above reasoning
shows should be the case.

Again, it will be obvious, from a study of Figs. 8 and 9,
that during an annular eclipse, at the moment when the
shadow-cone is pointing directly, or almost directly, towards
the observer, the centre of the Moon’s disc ought to be much
darker than the edge. Now in the tenth volume of our
¢ Memoirs,’ Mr. Baily states that, while observing the eclipse
of 1836, he noticed, on looking at the Moon through a tele-

Fie. 10.
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scope during the annularity, that ¢the circumference was
tinged with a reddish purple colour which extended over the
whole disc, but increased in density of colour according to
the proximity to the centre, so as to be in that part nearly
black.” It is obvious that this appearance could last but a
few seconds, since the moment the axis of the shadow-cone
was turned appreciably away from the observer (and the
vertex of the cone travels fully twenty miles per minute), he
would be looking through the cone’s sides. The following
passage from Klein’s Somnensystem describes the whole
phenomenon precisely in accordance with this view: ¢ Bei
der ringformigen Finsterniss, am 30. October, 1864, sah
Mouchez zu San Catharina in Brasilien, im Augenblicke als
die Scheiben von Sonne und Mond concentrisch waren, das
Centrum des Mondes vollig dunkel, aber von hieraus gegen
dem Rand nahm die Helligkeit regelmissig zu und letzterer
erschien heller, oder dochb wenigstens eben so hell, als das
aschgraue Licht der Mondsichel, kurze Zeit vor oder nach
dem Neumonde. Die ganze Erscheinung verschwand und
die Mondscheibe war gleichférmig dunkel, als der leuch-
tende Ring gerissen und die Mitte der Finsterniss voriiber
war.’ )

Taking the corona to be a solar appendage, it is clear that
even in total eclipses a somewhat similar appearance might
be looked for, the outer parts of the Moon’s disc during
central totality seeming brighter than the centre, because
the atmosphere between us and those parts would be more
fully lighted up by the corona. I find, accordingly, that M.
Tissel, observing the total eclipse of 1733 at Skepshat, in
Sweden, saw the Moon’s surface brighter at the margin, and
black towards the middle. We see from this most clearly
that the atmospheric glare in this region is very much fainter
than the corona ; for, except on a very close examination, the
Moon’s disc, though the glare appears over a part of it during
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the totality, seems absolutely black, and is so rendered in
photographs.

But further, if the views expressed above are correct, it
ought to be possible, under favourable circumstances, to see
the Moon’s face by reflected earth-light. I find that Bigerus
Vassenius, during the remarkable total eclipse of 1733, using
a telescope of 21 feet focal length, perceived the principal
spots on the Moon during the total obscuration (Phil. Trans.
1733, p. 135). Ferrer also saw the spots on the Moon’s sur-
face very plainly during the total solar eclipse of 1806.

Yet again, if the apparent blackness of the Moon’s disc
results from the fact that the coronal light is beyond the
Moon, and so forms the background on which she is projected,*
two phenomena might be expected to be visible under
favourable circumstances. First, the entire outline of the
Moon’s disc ought to be visible in partial eclipses, or before
and after totality; and secondly, the corona ought to be
visible at such times, and also during annular eclipses. I
find that the former phenomenon, which corresponds in reality
to the visibility of the corona (since were there no corona
the Moon’s limb could not appear dark where it crossed the
Sun), has been frequently noticed ; it has, in fact, been as
often recognised as looked for. The visibility of the corona,
when the Sun is not totally eclipsed, has also been so fre-
quently recognised that it is hardly worth while to mention
instances in point.t But I may quote, as very remarkable,:

* The fact that the disc of Venus appears blacker than the surrounding sky
when she is in superior conjunction, can only be explained by suppusing there
is some light beyond Venus. What can that light be but a solar appendage ?

+ Arago has founded on the visibility of the corona while a portion of the
Sun is yet uneclipsed, a calculation of the ratio in which the coronal light exceeds
that of the atmospheric glare then undoubtedly present. That the corona is
brighter than the atmospheric glare caused by a portion of the direct solar
light undoubtedly follows from the visibility of the corona under such cir-
cumstances; but Arago’s mode of treating the problem is not exact. He
makes the atmospheric glare proportional to the portion of the solar di&l:
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the fact that in 1860 Father Secchi saw the corona for forty
seconds after totality was past. Another remarkable in-
stance is that recorded by M. Edstrom, in the case of the
eclipse of 1733, when the unequal radiations of the corona
were observed to remain unchanged in position, as they gra-
dually faded out of view with the increasing solar light.

It is further obvious that if the corona be a solar append-
age, one would expect it to appear concentric with the Moon
only at the moment of central eclipse. Now I find numerous
instances in which it has been stated that, quite obviously,
the widest part of the corona was first on the side the
Moon had just covered before totality, and lastly on the side
she was just about to leave uncovered. I also find several
statements (ome or two very positive) that the corona was
centrally disposed round the Moon throughout the totality.
1 would remark on this, that observations of the former kind,
besides being more numerous, are severally more effective
than observations of the latter kind. For the former refer
to the recognition of a phenomenon and afford positive
evidence; the latter merely assert the non-recognition of the
phenomenon, and supply therefore only negative evidence.
The former describe a peculiarity which attracted the notice
of observers; the latter may be taken quite as well to in-
dicate a want of skill in observation as the non-appearance
of the particular phenomenon in question. All the positive
evidence is therefore here also in favour of the view that the
corona is a solar appendage.*

It remains that I should touch on other evidence we have

visible at the moment., In reality, this proportion does not hold, for the upper
regions of the air are illuminated by much more of the Sun’s disc at such a
time. In fact, the problem is one of much greater complexity than Arago
seems to have imagined.

* The centricity of the corona concerns, however, the question whether the
corona is a solar or a lunar appendage; since the atmospheric glare should shift
¢ven much more obviously with respect to the Moon than a solar appendage
would seem to do. :
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of the existence of a solar appendage adequate to produce
the observed appearances.

And first let us consider the zodiacal light. We know that
even in our latitudes this phenomenon often exhibits a re-
markable degree of luminosity towards the horizon and near
the core of the gleam (so to speak). But in tropical
countries the brightness of the zodiacal light is much more
striking, and is seen to grow visibly greater in the Sun’s
neighbourhood. At heights of from 8,000 to 12,000 feet in
tropical climates, says Humboldt, the zodiacal light is seen
of a brightness exceeding that of the Milky Way between
Aquila and Cygnus. And obviously if we could trace the
zodiacal light up to the solar limb, we should see it shining
with a glory far exceeding that which it shows even in tropical
countries. For we know that the brightest part there seen
belongs still but to the outskirts of the object.*

* I ought, perhaps, to show reason for regarding the zodiacal light as a
solar appendage, notwithstanding Dr. Balfour Stewart’s recent suggestion that
it may be a terrestrial phenomenon. But in reality there can be no doubt
whatever that the zodiacal light cannot be a phenomenon associated in any way
with our atmosphere. Doubtless Dr. Stewart, whose mathematical attainments
are well known, must have directed his attention too exclusively to the physical
requirements of his theory, or he would not have overlooked obvious mathema-
tical objections agninst it. The portion of the return-trade region above the .
horizon of any place is clearly a lamina shaped like a watch glass (slightly
convex, see fig. 8), and the whole of this should be illuminated by electrical
discharges excited in the way he suggests. We may, in fact, see in this an
explanation of the familiar phosplorescence seen sometimes to cover the whole
heavens (which gives the same spectrum as the aurora and zodiacal light) ; and
even though at times, or even commonly, only a portion of this lamina should
be so illuminated, no reason can be shown why that portion should always be
an inclined tongue-shaped slip, as it should be, to account for the zodiacal light
in our Jatitudes. It is hardly necessary, howerer, to point out to the nstrono-
mical reader that a light which exhibits no parallactic displacement, which
varies in position for different latitudes according to the laws affecting the
celestial bodies, which rises and sets according to the same laws, and which
lastly uffects the neighbourhood of the ecliptic, cannot by any possibility belong
to the Earth’'s atmosphere. The zodiacal light might be explained as due to a
ring of matter surrounding the Earth, at a distance nearly equalling the Moon's,
and travelling (as such a ring would) nearly in the plane of the ecliptic.
Such an explanation was indeed put forward in 1856 by Prof. Heis. But the
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Hence we should expect to find precisely such a glow of
light round the Sun in total solar eclipses as we actually
do see.

Again, from what we now know respecting meteors, we may
derive abundant evidence in favour of the view that count~
less myriads of these bodies must always lie in the Sun’s
neighbourhood. For though, while the meteoric orbits were
supposed circular, there was nothing very surprising in the
fact that the Earth encountered more than 4 hundred meteor
systems (because the zone of such systems seemed to lie close
by the Earth’s orbit), yet now we know how eccentric the
meteoric orbits really are, we recognise the fact that ante-
cedent prohabilities would be wholly against the Earth’s
encountering even one such system, were there not many
millions of them. And since she encounters more than a hun-
dred, we conclude that there must be millions on millions of
such systems having their perihelia within the Earth’s orbit.
These uncounted systems ought to become visible during a

.total eclipse, since their dispersed members would lie in all
directions round the Sun. Those meteoric flights alse which
were near him (and many must pass very near to him) would
shine with a light whose brilliancy would go far to make up

* for the extreme relative minuteness of the individual meteors.
Since near the Sun’s disc the line of sight would be directed
through a range of many millions of miles over which such
meteors must be freely distributed, while along some 200
millions of miles in this direction meteors must be scattered

phenomensa of the zodiacal light are much better explained Ly the theory that
it is due to a solar appendage, even if we admit that the light sometimes ex-
tends from the eastern to the western horizon. But while Heis' theory, with
overwhelming probabilities againet it, has some points in its favour, the theory
that the zodiacal light is an atmospheric phenomenon, is abeolutely untenable.
It anything could render the theory more strikingly opposed to observation
than it is, it would be those occasional peculiarities of the zodiacal light which
have been thonght by some to favour the theory. These peculiarities simply
add new difficulties to others already overwhelming.
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more or less richly, one can recognise the reason of the bright-
ness of the corona near the chromatosphere.

fl Further, we know from the researches of Leverrier that
there must exist continually in the Sun’s neighbourhood a
quantity of matter sufficiently important to affect the motion
of the perihelion of Mercury. )| A few relatively considerable
planets (as large, say, as the asteroids) might effect the ob-
served changes; but far more probably a multitude of minute
bodies may be held to be in question. Now the constant
presence of meteors in the Sun’s neighbourhood would pro-
duce the observed results, even though the individual meteors
might remain but a brief time in the Sun’s neighbourhood,
to pass away presently on orbits whose aphelia might lie far
beyond the orbits of the major planets.

) Further, Mr. Baxendell has shown that certain peculiarities
of magnetic and thermal change seem to point very deci-
sively to the existence of a solar appendage holding the
position which the corona, regarded as solar, seems to occupy.
I have had the pleasure of discussing with him many of
the relations considered above, and I find that there is
nothing in his valuable meteorological researches which
opposes itself to that particular view of the corona which I
have advocated above, while his main result (which I hold
to be of extreme importance) supplies an obvious argument
in favour of that view.

Lastly, there are certain peculiarities in the aspect of the
corona which seem only explicable on the theory above
enunciated. Such are those radiations which are not at
right angles to the Sun’s limb; the phenomenon of loops of
light in the corona with their concavity directed towards
the Sun ; the strange appearance resembling a hank of thread
in disorder, seen by Arago in 1842 ; and other peculiarities
too numerous to specify.

I know not of any phenomena which oppose themselves
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to the view here put forward, though I have carefully sought
for such.

The spectroscopic analysis of the corona has not hitherto
been altogether satisfactory, so that it may hardly be well
to lay much stress upon it. It accords very satisfactorily,
however, with the above theory. There would be a large
quantity of reflected solar light in the corona, but there
would also be much light from incandescent meteors, since
those which came within a million miles, or so, of the Sun
would undoubtedly be raised to a white heat. Some of the
meteors would, in all probability, be vapourised, and so a
portion of the light they supply would give a bright line spec-
trum, though probably of extreme faintness. The observed
association between  meteors and comets- suggests obvious
considerations in explanation of the peculiarities which
characterise the spectrum of the corona. If the great comet
of 1843, which passed within 65,000 miles of the Sun, has
like Tempel’s comet,a train of meteoric bodies following in its
track, these must be vapourised in the Sun’s neighbourhood.

The contradictory evidence afforded by the polariscope is
also obviously accounted for by the theory I have here advo-
cated, even if it may not be said of itself to force upon us
the belief that the light of the corona i§ of that mixed
kind which could scarcely result but in the way specified in
that theory.

-Tt would be desirable that measures should be adopted to
insure the application of effective modes of observation
during the very brief interval of total obscuration. I think
the Astronomical Society might with advantage appoint a
committee to consider whether novel appliances and methods
might not be employed to good purpose. The points I now
proceed to touch on are so simple that some apology may,
perhaps, be needed for bringing them under the notice of the
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Society ; but if they should lead practised observers to make
really important suggestions, my purpose will have been
fulfilled. . .

In the first place, I would remark that observations
specially directed to prove that the corona is a solar append-
age would, in my opinion, be a complete waste of time and
gkill. It would be a misfortune—nay, it would even be in
a sense discreditable—to astronomy, if the attention of ob-
servers should be directed to the solution of a question which
has been practically solved during former eclipses, Unless
the most obvious considerations of mathematics and optics
are to be entirely neglected, the position of the corona as a
solar appendage must be regarded as established, and all
observations made with the object of confirming or disprov-
ing the matter, as simply futile.

But if we must travel over old paths, in order to make
plain that which is already demonstrated, there are a few
modes of observation which may be suggested as likely to
give significant, however unnecessary, evidence.

If an observer were to confine his whole attention to the-
lunar disc during the eclipse, having a telescope with well-
adjusted clock movement, and a field somewhat less than
that of the full Moon, he would be able to recognise the
following striking proofs of the real way in which the glare
of the atmosphere varies during an eclipse. He would see,
as the total phase approached, the atmospheric glare over
the Moon'’s face gradually diminished, and then what re-
mained of actual glare from direct solar rays sweeping rapidly
across the face of the Moon and leaving her disc relatively
dark. But in a few moments the observer would be able (in
favourable atmospheric circumstances) to recognise the spots
on the lunar surface.

If an observer were to limit his attention to the Moon’s
disc during totality, keeping his eyes in darkness until the
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commencement. of totality was announced by those around
him, he would be certainly able to see the lunar spots, unless
atmospheric conditions were very unfavourable indeed.

Attention might be directed to the shape and motions of

the dark region -of the sky surrounding the corona; and
such observations would not be so complete a waste of time
as those last considered, since it is evident that important
information might be gathered from them respecting the
“height of the atmosphere. Such information would be in
many respects more trustworthy than that which has been
derived from the "position, shape, and motions of the cre-
puscular curve.

But a mode of observation which I would advocate with
great earnestness, is the simple application of telescopic
power to determine, if possible, the structure of the corona.
I have no doubt that this structure is continually changing ;
but most valuable information might be gained from a care-
ful study of the position of the coronal beams at the time,
and of those singularly complex hanks and streamers which
have been already noticed by astronomers. The use of a
telescope of low magnifying power, but of first-rate definition,
a comet eye-piece being employed, would be desirable in
thus studying the corona. The telescope should be accu-
rately driven by clockwork, and a dark iris-dise, if I may
8o describe an arrangement which would be the converse of
an iris diaphragm, might be employed with advantage to
hide the light of the prominences and chromatosphere. If
the field of view were several degrees in diameter, and the
dark disc at the beginning of totality concealed a circular
space extending a degree or so beyond the eclipsed sun, the
observer might first examine with great advantage the outer
parts of the corona, and gradually extend his scrutiny to the
very neighbourhood of the prominences. Supposing his eyes
had been kept in darkness before totality began, he would
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be able to gain such an insight into the real structure of the
corona a8 has never yet been obtained by astronomers.

As regards the spectroscopic and polariscopic analysis of the
corona I shall say little. It would obviously be most desir-
able that Dr. Huggins, Mr. Lockyer, and those astronomers
whose attention has been practically directed to researches
of this sort, should give careful consideration to the question
how the short interval of totality may best be employed,

.and that they should make their views public as early as
possible. To one point, however, I shall venture to direct
the attention of observers. It seems to me most important
that every observer proposing to take part in applying such
delicate light-tests to the corona, should prepare for the
observations he is to make by keeping his eyes in darkness
as nearly complete as possible for some time before totality
commences ; and, further, where different parts of the corona
are to be examined, the fainter parts should be first dealt
with.

If the search for an intra-Mercurial planet is to be renewed”
with any chance of success, there can be little doubt that
the telescopist must keep the corona, or at least its brightest
portions, out of the field of view. A telescope specially con-
structed for the purpose, having a motion carrying the tube
conically round a mean position might easily be devised ;
and with such an instrument one might conveniently sweep
the Sun’s neighbourhood all round the limits of the corona,
for Vulcan and perhaps a train of attendant Cyclopes. But
a telescope of low power, with a comet eye-piece, and a
diaphragm concealing the brighter part of the corona, would
probably be quite as effective.

For this class of observation also it would be very advan-
tageous that the eyes should be kept in darkness for some
time before totality commenced.

Are observers to be found who would be ready to forego

o
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the opportunity of witnessing one of the grandest of all
natural phenomena, of watching the gathering shadows, of
beholding the wonderful transformation of the face of nature,
the weird and unearthly aspect of all things round them,
and the strange beauty of the solar corona of glory, in order
that they may devote all their observing energies during two
short minutes to important, but severally uninteresting, phe-
nomena? We know that, so far as the period of totality is
concerned, such a sacrifice has already been made by De La
Rue and Tennant, by Secchi, Janssen, Captain Herschel,
Young, and a number of other lovers of science; but no
observer has yet foregone the whole spectacle of a total
eclipse for the sake of the dull, dry details of scientific
observation.

Monthly Notices of the Royal Astronomical Society for March 1870.
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FURTHER REMARKS ON THE CORONA.

AT the meeting of the Astronomical Society in April 1870,
Dr. Gould, of America, indicated his belief that the
trapezoidal corona seen by himself and other observers during
the progress of the American eclipse was in fact but the
chromatosphere seen under unusually favourable circum-
stances. He added, that the light outside that four-cornered
corona appeared to shift in position, and hence he concluded
that it was terrestrial.

It seems to me that, if this view be admitted, the difficulty
pointed out by Mr. Lockyer in the case of the corona con-
sidered generally, exists in scarcely diminished extent in the
case of this trapezoidal appendage also. Estimated by most
of the observers as extending fully 12’ from the disc of the
eclipsed Sun, its real depth would be far more than 320,000 *
miles, and the pressure even at the summits of the highest
prominences would be enormous.

We gain nothing, then, by Dr. Gould’s supposition ;
though of course that does not prove it to be erroneous. But

r. Curtis (whose successful photographs appear in Com-
modore Sands’s reports of the total eclipse) remarks that he
has read Dr. Gould’s statements respecting the eclipse with
considerable surprise. After referring to the photographic

* Even in Mr. Whipple's photograph it has an extent of fully 6', which would
correspond to more than 160,000 miles, or 80,000 miles above the hlghest.
prominences yet seen.

o2
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evidence, he adds, ¢ Dr. Gould adduces as an additional argu-
ment in favour of his assumption the observation that the
long coronal beams appeared to him to be ¢ variable,” while
the ¢aureole’ photographed was evidently ¢ constant’ during
the time of totality. This argument, however, loses some of
its force when it is remembered that to other observers the
corona appeared to the eye absolutely unchangeable, both in
form and position, during the whole period ef the total ob-
scuration.’ He goes on to indicate the probability that Dr.
Gould has mistaken a photographic effect for a real pheno-
menon, in this case, precisely as whem he interpreted the
apparent encroachment of the bases of the prominences on
the Moon {a dark-room phenomenon, as Curtis shows) to
< specular reflection’ at the Moon’s surface.

I must confess that, after a very careful study of the whole
series of American observations, Dr. Gould’s view appears to
me to be altogether disposed of by the concurrent testimony
of so many and such skilful observers.

One striking, and as yet unnoticed, piece of evidence
exists in General Myers' report of the appearance of the
corona as seen from the summit of White Top Mountain,
5,530 feet above the sea-level. Here the same quadrangular
aspect was observed as at lower levels (and im Whipple's
photograph), but the rays were much longer. ¢The silvery
rays, he says, ¢were longest and most promiment at four
points of the circumference—two upon the upper, and two
upon the lower portion—apparently equidistant from each
other, and at about the junctions of the quadrants designated
a8 “limbs,” giving the spectacle a quadrilateral shape.” He
remarks that these silvery rays were ¢straight and massive,
and extended ¢ to a distance of two or three diameters of the
lunar disc.” He adds, ¢ There was no motion of the rays.’

It seems impossible to mistake the significance of these
observations.
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In the preceding paper on the corona and zodiacal light,
I dealt specially with the theory that the corona is due to the
illumination of the earth’s atmosphere by light not affected
‘by any action at the Moon.” Many of the arguments, how-
ever, apply equally well on the supposition that there is such
action. The striking fact that at the time of central eclipse
the cone within our atmwosphere bounded by lines from the
observer’s eye to the Moon’s limb, contains no light, while
the cylinder within our atmosphere bounded by lines from
the Sun’s limb to (and produced beyond) the Moon’s, contains
much light, affords, I take it, absolutely convincing evidence
that this light is derived from an object far beyond the Moon.
For if we suppose the solar rays to get by any process within
the cylinder, they should clearly traverse the cone also. For
example, assuming that a solar ray passing by the Moon’s
edge is deflected (by whatever cause) so as to fall within that
cylinder, into which (from its very nature) undeflected
rays cannot pass, the deflection, in order to account for
observed appearances, must carry the illumination of our
atmosphere up to the above-mentioned cone, and there sud-
denly the illumination must cease. But the cone has no
existence in nature; it is but a mathematical conception:
why then should these deflected rays respect it ? *

Even La Hire’s theory, which De Lisle is supposed to have
overthrown, seems more easily supported than ome which
requires a moving shadow-cylinder of air to be illuminated,
while a fixed cone (not a shadow cone) within it remains in
darkness.

It seems much more natural to regard the darkness of the
lunar disc, and the relative brightness of the corona, as due

* Mr. Lockyer tells me that M. Fn;ye expreasly suggests that there is some
action at the Moon, and that, according to his and M. Faye's theory, it is thus
the atmosphere gets illuminated. What the nature of the action may be I

have not yet heard, nor can I conceive of any which would account, however
rounghly, for observed fucts,
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simply to the fact that the Moon is an opaque body very
much nearer to us than the corona.

Let me renew my statement that it is the importance of
the approaching eclipse which forces me to urge now views
which I have long entertained. It appears to me that if, as
I hold to be the case, the evidence respecting the corona is
amply sufficient to prove it to be a solar appendage, then it
would be a serious misfortune if any observers were to devote
their time to establishing this fact. Instead of this, I should
be glad to see every moment of the short duration of totality
devoted both by general observers and spectroscopists to the
inquiry what sort of a solar appendage the corona may be.
On this inquiry depend issues of the utmost interest and
importance to science ; the other would be a waste of time:
on one question we have abundant evidence; on the other
(to quote the just words of Professor Pritchard), ¢wise
astronomers profess their profound ignorance.’

Monthly Notices of the Royal Astronomical Society, October 1870.
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NOTE ON OUDEMANNS THEORY OF THE
CORONAL RADIATIONS.

THE papers read at the meeting of the Astronomical Society,
in March 1871, on the subject of the recent eclipse were so
full of interest that it seemed desirable not to prolong a dis-
cussion which was raised respecting Oudemann’s theory of
the coronal beams. But as some of the results which the
eclipse observers obtained would sppear to be invalidated if
certain points of Oudemann’s theory were admitted, I venture
briefly to note two objections of which the second at least
seems decisive against those points.

Admitting, with Oudemann, the probability that the
inter-planetary spaces are occupied, to distances from the
Sun far exceeding the radius of the Earth’s orbit, by matter
capable of reflecting a certain proportion of light, it yet
appears improbable that the whole quantity of such matter
within a distance from the Earth equal to the radius of the
Moon’s orbit could reflect an appreciable quantity of light.
It seems exceedingly.unlikely that under such circumstances
the sky towards the meridian at night would remain to all
_ appearance dark, while yet, according to Oudemann’s view,

the sky towards the Moon’s place during total eclipse would
be appreciably illuminated. It is undoubtedly true, as was
pointed out by Professor Adams, that some substances (black
cloth or velvet for instance) are rendered visible by rays
falling obliquely, whereas rays falling square to their surface
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are absorbed. But certainly all the forms of non-luminous
matter which we know of as tenanting the interplanetary
spaces, would be better seen when placed as planets are
when in opposition than as planets are when near inferior
conjunction. I need not point out why this is, or that it is
not so much a question of the reflective capacity of the
particles themselves as of the proportion of their illuminated
surface which is turned towards the Earth. Certainly a
group of minute meteors near the Moon’s place when she is
full would send us much more light than the same group
near the Moon’s place when she is new.

But quite apart from this, there is an argument which
appears to me to remder Qudemann’s reasoning altogether
inadmissible. Assuming that the quantity of illuminated
matter lying on this side of the Moon during total eclipse
‘would by itself be appreciable, yet the much greater depth of
the same matter lying beyond the Moon (and as well placed
for the oblique illumination required) would be enormously
greater, and would also be illuminated far more brightly. If
a depth of 250,000 miles, full of such matter as Oudemann’s
theory requires, could give a certain quantity C of light, the
ten millions of mile¢ next beyond and towards the same direc-
tion would undoubtedly give more than the quantity 40 C
of light, and the remaining eighty millions of miles lying
yet further beyond, towards the neighbourhood of the Sun
himself, -would give a quantity of light which would even
render this last-named quantity wholly inappreciable.

This is further illustrated by fig. 11, in which em repre-
sents the minute portion of faintly illuminated matter between
the Earth and Moon, ms’ the large portion of more highly
illuminated matter lying beyond the Moon, towards, up to,
and beyond the Sun’s place.

It is to be remembered that Oudemann’s theory, or rather
that special part of it which relates to the coronal beams,
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was urged to explain the supposed mobility of the beams, as
seen by Dr. Gould; and that all the other American
observers in 1869 considered that the beams were stationary.

Fie. 11.—Illustrating Oudemann’s Theory of the Corona.

And further, it should be noticed that a single observation
of the fixity of coronal rays (as, for instance, Bruhn’s
observation in 1860) is more convincing than any number of
observations of apparent motion. For, seen as the beams
must needs be (if beyond our atmosphere) through a medium
whose condition is probably very variable during a total
eclipse, we can readily understand that their aspect should
sometimes seem to vary, or even that they should appear and
disappear under the observer’s eyes. But the fixity of a
coronal beam cannot so be explained away; and those who
are familiar with the history of eclipse observations are
aware that many of the positive observations of this sort are
unexceptionable.

Now the great V-shaped gap in the corona of December
1870 (fig. 12 ; see also figs. 13 and 14, p. 211) was visible at
widely separated stations; it is clearly recognisable in a
photograph taken by the American observers in Spain; and
it remained unchanged during the whole of totality.* A
positive observation like this, relating to an object extending

* Since this was written I have had the opportunity of examining the best
of Mr. Brothers's photographs (taken at Syracuse). This view, No. 5 of his series,
far surpassing all other pictures of the corona in intetest and value, shows the
V-shaped gap opposite the south-eastern quadrant in an unmistakable manner.

Indeed the gap is the most striking feature in the photograph. This disposes
of the question,
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to a great distance (nearly half a degree) from the Moon’s
limb, seems altogether unmistakable in its import. When
it is added that the bright inner corona was perceptibly
depressed where this V-shaped gap existed, results of very
' great interest are suggested.

Do not the observations made in December 1870 strongly
support the view urged a year ago by many (myself among
the number) that the corona is a solar aurora? If the action
of the radial solar forces which generate this aurora be

Fie. 12.—Lieut. Brown's drawing of the inner and outer Coronas (11’ and = &')
during the Eclipse of December 1870.

supposed only to be more energetic over the spot-zone, and
specially over the regions where spots actually exist, we
should mot only have an explanation of the so often noticed
trapezoidal form of the corona, but also a suggested
explanation of the observed association between the Sun~-
8pot period and terrestrial auroras.

Monthly Notices of the Royal Astronomical Society for January 1871.
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NOTE ON THE CORONA.

. A YEAR since, I had occasion to address the Astronomical
Society on the subject of the corona. I then pointed out that
‘no direct sunlight can illuminate the part of our atmosphere
which lies towards and around the Moon’s place ; and the pur-
‘pose with which I wrote was simply that the views I dealt with
might be withdrawn from public attention. At that time it
seemed to me, on the one hand, very unsafe to theorize about
the actual constitution of the corona; but, on the other
‘hand, it seemed demonstrable that the corona is a solar
appendage. At present we are, I think, more favourably
circumstanced ; more especially on account of those photo-
graphic successes with which astronomers—as well workers
-as thinkers—have such good reason to be satisfied.

I propose to place before the April meeting of the Society
certain views to which, as I think, the recent observations
seem to point. At present, however, my object is merely to
note what I take to be by far the most important contribu-
tion to our knowledge respecting the corona. I cannot
regard the differentiation of the corona into two portions *

* I would submit that the word ‘defined’ applied in the Report of the
Council to the outline of the inner part of the corona, requires to be modified
or explained ; for undoubtedly the inner corona was not bounded by what is
usually understood as a defined outline. The border of this part of the corona
showed a rapid but not sudden degradation of brilliancy, having a perfectly soft
outline, nowhere sharply defined. I venture, while there is yet time, to urge
the adoption of convenient and expressive names for the phenomena presented
during solar eclipses.

The word photosphere serves a very useful purpose, and I do not know that
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as an acquisition, simply because for more than a century
and a half the distinction had been recognised by astro-
nomers. Nor can I attach any signal importance to the
proof afforded by recent observations that the corona has a
great extension from the sun ; nor to the confirmation of the
long-disputed American observations; because both these
points were in effect established before the eclipse took
Pplace.

The great result of the recent eclipse observations will be
found, unless I mistake, to lie in the association now shown
to exist between the configuration of the inner and brighter

any other could be devised which would be nearly so suitable. But to the
names chromosphers and leucosphere there are grave objections.

In the first place, the relation between the prominences and the layer of
eoloured matter at a lower level is such as to render the term Sierra employed
by those who discovered the layer altogether more appropriate than such a
word as Chromosphere. Secondly, the name Chromosphere implies that the
coloured layer forme a spherical envelope, which the irregularity of its suffi-
ciently well-defined outline shows not to be the case. Thirdly, the word is
not properly formed, Chromatosphere being, I apprehend, the correct form.

The objections to the word Leucosphere are even greater. Such a word could
not poesibly be employed in descriptive astronomy without explanatory notes.
And further it can scarcely be considered appropriate. For Aevxds means
white, and e¢alpa means sphere; but the inner eorona, when seen under
favourable conditions, has not appeared white, and certainly it is not spherical.
Furthermore, grave doubts exist whether the implied distinction between the
inner and outer parts of the corona is more than apparent. It may be added
that in all other combinations of the kind —as almeephere, photosphere, and so
on—(hemisphere belongs to another class) the first word of the compound is a
substantive. There seems a valid objection to a change of plan in this
respect.

But the great objection against both Leucosphere and Chromosphere consists
in the utter unfitness of either for the purposes of descriptive writing. In
this respeet they differ wholly from the word Phetosphere, which refers to a
relation not likely to enter into descriptive passages; but objects such as those
for which the names Chromosphere and Leucosphere have been suggested
require expressive names. I can see no reason why the fine word Sierra
should not be restored to its place in our books of astronomy; nor why, if it
shall appear that a real distinction exists between the brighter and fainter
parts of the corona, the former should not be called (as already by Schellen
and Secchi) the corona and the latter the glory. Or else Professor Airy's
mode of describing them might well be adopted, and one called the ring-
Sformed corona, the other the radiated corona.
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portion of the corona and its outer and more strikingly
radiated portion. This is shown unmistakably by a com-
parison of the drawing of Lieut. Brown, fig. 12, p. 202,
with the photographs of Mr. Willard and Mr. Brothers,
figs. 13 and 14, p. 211. It was indeed strikingly evi-
denced during the eclipse of 1869, but not absolutely de-
monstrated. It seems to me a fact of the utmost import-
ance and significance ; more especially when combined with
the seemingly established relations between the regions of
greatest prominence-disturbance and the expansions of the
inner part of the corona, and with that other relation which
associates the spot-zones with the larger and more active
prominences.

It might seem at first sight that the long radiations oppo-
site the bright parts of the inner corona could be explained
as due to the illumination of our own atmosphere in corre-
sponding directions. But the simple consideration of the
way in which our atmosphere is illuminated by the corona
will show that no radiations extending outwards could make
their appearance without corresponding expansion on either
side, and a yet more marked extension inwards over the
Moon’s disk.* The uniformity of the light over the Moon’s
disk, its faintness, and especially its observed inferiority to
that received 15’ from the Moon’s limb, would suffice to dis-
prove the imagined explanation, which is also, however,
opposed to the simplest optical considerations.

* It was with much pleasure that I heard Mr. Brothers read at the last
meeting a letter from Dr. Balfour Stewart, in which views were expressed pre-
cisely similar to those above enunciated. In the same letter Dr. Stewart pointed
out (a8 I had shown in the Monthly Notices for March 1870), that though our
atmosphere towards the Moon’s place is undoubtedly illuminated by light
from the prominences, sierra, and inner corona, yet that the quantity of light
received in this way can bear no higher proportion to the actual light of the
corona and prominences than the atmospheric glare in full sunlight bears to
such sunlight. It has been this argament—absolutely demonstrative, despite

its extreme simplicity—which has caused me for many months past to feel
complete certainty respecting the general nature of the corona.
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I conceive we have now clear evidence of a form of action
—but whether eruptive, electrical, or simply repulsive, is not
as yet obvious—exerted outwards to enormous distances by
the sun, and with maximum energy over the spot-zones, but
local, variable, and probably intermittent.

Monthly Notices of the Royal Astronomical Society for March 1871.



SHALLOWNESS OF THE REAL SOLAR ATMOSPHERE. 207

ON THE SHALLOWNESS OF THE REAL SOLAR
ATMOSPHERE.

IN my treatise on the Sun I have pointed out at page 192
that the comspicuous nature of the darkening of the disc
near the edge is a proof of the shallowness of the superin-
cumbent atmosphere, and not, as is commonly stated, of that
atmosphere’s being enormously deep. And at p. 295 I in-
dicate reasons for believing that the method by which the
prominences and sierra have been studied when the Sun is
not eclipsed, is not capable (save under highly exceptional
conditions) of exhibiting the existence of the true solar
atmosphere—that atmosphere, to wit, which causes the dark
lines in the solar spectrum.

It will be known to all who read this communication that
Professor Young of America, and Mr. Pye, independently
recognised the existence of a highly complex atmosphere
close by the solar photosphere. The slit of a spectroscope
being placed tangentially to the limb, at the place where
second contact was to occur, the spectroscopic field at the
moment of totality and for several seconds after, was seen to
be full of bright lines, ¢every non-atmospheric line of the
solar spectrum showing bright.’

The accuracy of this observation has been called in ques-
tion. It is urged that the method of observing the un-
eclipsed Sun should be competent to show these bright lines
if the supposed atmosphere have a real existence.
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Now the competence of the last-mentioned method, so far
as its power of obviating the effects of atmospheric illumina-
tion is concerned, cannot be questioned. For, indeed, as we
know, Mr. Lockyer has, on one occasion, seen multitudes of
the Fraunhofer lines reversed in this way. But because he
has on all other occasions failed, while neither Zollner,
Respighi, nor Young has been favoured even with a single
view of this sort, it is urged that no such atmosphere can
exist, or that, at any rate, eclipse observers could have no
better opportunity of recognising it with the spectroscope
than those who have studied the uneclipsed sun. I would
submit that this inference is erroneous, and that in one
important respect observations made during eclipses have a
great advantage over observations made when the sun is not
eclipsed. It has been overlooked, as I opine, by those who
urge the objection I am considering, that the image of the
solar limb, whether as viewed in the telescope, or spectro-
scopically, is formed by the combination of diffraction-images
of the several points of the real limb; and therefore (inde-
pendently of irradiation, which, however, should also be
taken into account) must needs extend beyond the true
outline. We can tell, in fact, how great the extension is,
since we know (experimentally) the dimensions of the diffrac-
tion-images of luminous points, for given apertures. A
telescope which would not separate 4* Andromede, for in-
stance, would certainly not be capable of showing (when
armed with a suitable spectroscope) the bright lines of a
solar atmosphere whose height subtended but about the fifth
of asecond—that is, of an atmosphere 80 or 90 miles in
height ; nor probably would it show these bright lines, even
though the atmosphere were three or four times as high.

I think, therefore, that we are not justified in rejecting,
or even in regarding as inconclusive, the observation made
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by Professor Young * and Mr. Pye. The inference would
clearly be that the sierra cannot in any sense be regarded as
the true solar atmosphere. Be it noted, also, that the
evidence here considered is altogether independent of that
on the strength of which I have been led to assert that in
all probability the sierra is not of the nature of a solar
envelope at all, but is made up of multitudes of relatively
small prominences and of the remains of larger ones. So far
as I know, the only circumstance on which the theory that
the sierra is an atmospheric envelope was founded, was the
supposed smoothness of its outline. This relates to the
observations which led to the re-discovery of the sierra in
1868. But telescopic observations by Airy, Leverrier, Secchi,
and many others in 1847, 1851, 1860, &c., had abundantly
established the fact that-its outline is commonly irregular.
Resphigi, in 1868, confirmed this with the spectroscope, and
the fact is now generally admitted.

We have, I conceive, no escape from the conclusion that
the prominences and sierra consist of glowing vapour which
has been flung through the real solar atmosphere,—that
atmosphere being highly complex and probably existing,
especially near the photosphere, at an enormous pressure.
What that medium is in which the prominences and sierra
are seen remains to be shown.

Monthly Notices of the Royal Astronomical Society for March 1871.

# This observation was completely confirmed during the eclipse of December
1871. It should be noticed that the credit of the observation must be assigned
almost wholly to Prof. Young, since he alone used an analysing spectroscope.
The integrating spectroscope used by Mr. Pye was adjusted by Prof. Young,
who also instructed Mr. Pye in its use.
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j‘THEORE'TICAL CONSIDERATIONS RESPECTING
' THE CORONA.

IT may be questioned whether we are yet in a position to
theorise safely respecting the corona ; yet I feel that I need
offer no' apology for entering here upon the analysis of the
evidence now available on the subject, with the object of
determining towards what hypotheses that evidence appears
to tend. Having lately had occasion, while preparing my
treatise upon the Sun, to go through the principal records
of former eclipses, I shall be able to avoid the mistake of
giving undue weight to observations lately made ;—that is,
of giving them a value founded rather on their recentness
than on their specific importance. It has always seemed to
me specially necessary, if one would theorise safely, to attach
proper weight to all the known facts; and I have sometimes
been led to believe that the want of success with which, as
a rule (save in a few highly exceptional cases) observers
theorise on their special subjects, is to be looked for in the
fact that their own observations acquire an exaggerated im-
portance in their minds, the labours of others being unduly,
though quite honestly, underrated. Precisely as the workers
in some great edifice are not well placed to recognise its
proportions as a whole, so it must commonly happen that
the most skilful workers in science are precisely those who
are least fitted to judge of the position to which—by others
labours and their own—their special subject has attained.
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Fi1a. 13,

FiG. 14,

F16. 13.—Mr. Willard's photograph, taken near Xerez.
Fia. 14.—Mr. Brothers's photograph, taken at Syracuse.

.
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Certainly, there has been much to suggest such considera-
tions in some recent enunciations of opinion respecting the
corona. Many of the able spectroscopic workers who have
dealt with the subject seem to regard spectroscopy as almost
the only means of attacking the problem ; experts in pola-
1iscopic analysis have at least not undervalued their special
department of research; Mr. Brothers is convinced of ¢the
pre-eminent use of photography for determining points in
dispute ;' and some general observers appear to consider the
two minutes’ view they have had of coronal phenomena
more likely to supply a correct answer to all our questions
than either spectroscopy, polariscopy, or photography—to
say nothing of the general observations made by others, or
of the voluminous records of former eclipses. -

If we consider what mew information the recent eclipse
has brought us, and combine that information with what
had previously been ascertained, we shall probably have a
better chance of arriving at satisfactory results than by
limiting our attention to a few disjointed facts. Fortu-
nately the attention of those, even, who are least familiar
with the history of coronal research, need now no longer be
distracted by any theories tending to explain the corona as a
phenomenon of our own atmosphere. \Men of science are
now in (practically) unanimous agreement as to the solar;
nature of the corona ;‘ so that we can give our whole atten-
tion to the much more difficult, and much nobler problem,
¢ What is the real nature of this great solar appendage
which total eclipses reveal to our view ?’

I have long entertained the belief that the solar corona
is due, in great part, to the existence of millions of me-
teoric systems having their perihelia for the most part
much closer to the Sun than our Earth’s orbit. The evi-
dence recently obtained induces me to think that I have
somewhat exaggerated the part which must be assigned to
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meteoric systems in accounting for coronal phenomena. Of
course there can be no question about the existence of enor-
‘mous numbers of meteoric systems in the position specified.
It would be utterly unreasonable to suppose that the fifty-
six meteoric systems recognised by Prof. Alexander Herschel,
and those others (making up the number to more than a
hundred) which Heis has recognised, bear any but a most
minute proportion to the total number having perihelia
within the Earth’s orbit. The laws of probability will not
permit such an assumption for a moment. Nor can it well
be doubted that the density of perihelion-distribution
increases towards the Sun’s neighbourhood, in the case of
meteors, precisely as in the case of comets; insomuch that
portions of many meteoric systems would be much more
intensely illuminated (surface for surface) than our Earth, or
Venus, or Mercury ; while in many cases myriads of meteors
near the perihelia of their orbits must be rendered incan-
descent, if not absolutely vaporised, by the intensity of heat
to which they are exposed. Even setting this probability
out of the question, it remains—not a theoretical—but a
demonstrated fact, that no inconsiderable quantity of light
must come to us during total eclipse, from meteors lying
towards the Sun’s place and illuminated by his light.

But although we have thus undoubtedly found a wvera
causa for a portion of the coronal light, yet there are
phenomena which seem to prove that another and larger
portion remains unaccounted for. In a former paper I
have pointed out the most marked peculiarity of the
sort—the observed association, namely, between the ex-
pansions and depressions of the inmer part of the corona,
and those far-reaching radiations which form the principal
feature of the outer corona. This is most strikingly shown
in the negative of Mr. Brothers’s best photograph, and is
confirmed Ly Lieutenant Brown’s drawing. But it is
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worthy of notice that during- the eclipse of 1869, evidence
was obtained which tended almost as strongly to establish
the same association; and I am disippointed with myself,
that, though T long and carefully examined the records
(photographic and otherwise) of that eclipse, this important
fact escaped my scrutiny. Now there is another relation,
scarcely less significant when considered alone, but assuming
a yet greater importance when combined with the last.
Wherever the inner portion of the corona is depressed, there
the coloured prominences are wanting and the sierra itself is
shallow. Professor Roscoe, speaking of Mr. Seabroke’s maps
of the prominences (made before the eclipse), and Professor-
Watson’s drawing of the inner corona, says:—¢On com-.
paring the two drawings thus independently made, a most
interesting series of coincidences, presented themselves.:
Wherever on the solar disc a large group of prominences
was seen in Mr. Seabroke’s map, there a corresponding
bulging out of the corona was chronicled on. Professor
Watson’s drawing ; and at the positions where no promi-
nences presented themselves, there the bright portions of
the corona extended to the smallest distances from the Sun’s
limb. It of course follows, by combining the two relations,
that the prominences are most numerous where the corona
extends farthest, a fact noticed by Mr. Brothers, who tells
us that throughout totality (as evidenced by his- photo-
graphs), there was more coronal light on the west side of
the Sun than elsewhere, and further, that ¢the prominences
were more numerous on the side where the corona wasg
brightest.’* Indeed, on this side there was seen towards

* The photograph of Lord Lindsay’s series which was exhibited at the
January meeting seemed to show the reverse. It appears, however, on &
careful comparison of that photograph with Mr. Brothery’s and the American
one, that in some as yet unexplained way Lord Lindsay’s has been inverted and
reversed. 'The perfect agreement of the promimences when this correction
is;attended to leaves no doubt that such a mistake has been mﬁe.
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the close of the totality a perfect sickle of prominences,—
according to the account given by Father Secchi.

Now, the point to be specially "attended to here is the’
evidence of vertical disturbance (vertical with reference to
the Sun’s globe) extending to enormous distances from the
photosphere. The notion that we have to do with objects of
the nature of concentric atmospheric shells—advanced (as it
seems to me) in the first place on very insufficient evidence
—appears completely negatived. If the inner corona had
presented no signs of association with the outer corona, we
might have overlooked the very marked departure of the
former’s outline from concentricity with the Sun’s, precisely
as for several months the irregularity of the sierra’s outline
was overlooked or forgotten, and the atmospheric-shell
character ascribed to it (by implication) in the adoption of
the title chrom(at)osphere. But the observed association
between the inner corona, and so obviously unshell-like an
appendage as the outer radiated corona, leaves the shell
theory, implied by the title leucosphere, altogether un-
tenable. We might fairly claim from an atmospheric shell
a respectable smoothness of outline, but we can authori-
tatively claim' that it shall not associate itself, even’ in
appearance, with a strikingly radiated and gapped ap-'
pendage.

But equally the meteoric theory of the corona must be
abandoned, at least so far as its claims to account for the
special features of the corona (and therefore for the greater
part of the coronal light) are concerned.

/ We seem to have unmistakable evidence of the action of
vertical solar forces, or at any rate of forces directed out- :
wards from the Sun’s globe—though not necessarily exactly f
radial. 4 '

At the outset, the air of improbability which unquestion-

.
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ably surrounds this theory,* is to a certain extent removed
by what we have learned respecting the formation of promi-.
nences. The evidence supplied by Zollner and Respighi, to
whose labours in this special department astronomy owes so
much, suffices to show that prominences, as respects their
first formation, are phenomena of eruption. For although
Zollner has divided the prominences into two classes—the
cloud-prominences and the eruption prominences—yet he
in no sense negatives the statement of Respighi, that the
appearance of prominences is preceded by the formation of a
rectilinear jet, either vertical or oblique, and very bright and
well-defined. Respighi adds, that a jet of this sort, ¢rising
to a great height, is seen to bend back again, falling towards
the Sun like the jets of our fountains, and presently the

- sinking matter is seen to assume the shape of gigantic trees
more or less rich in branches and foliage.’ '

The velocity with which the gaseous matter of these pro-
minences must pass the photosphere, in order to reach so
great a height above it as Respighi has noticed in the case
of some promiunences, is as nearly as possible 200 miles per
second, even if we neglect all the effects of resistance as the
erupted gas rushes onward to the highest point of its excur-
gion. Let this be specially noted. If the highest pro-
minence yet seen by Respighi was the highest possible, and
was wholly unforeshortened, we yet have proof of an erup-
tive action capable of sending out gaseous matter with the
enormous velocity mentioned above; and this, be it remem-
bered, is only the velocity with which the erupted matter
crosses the level of the photosphere. Far beneath that
level, at those depths, for instance, whence Zollner assumes
the prominence-matter to have been erupted, the velocity
must have been far greater. If we also take into account

* It will be known to many of my readers that the theory is by no mesns

& new one. v
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the effect of the resistance which is undoubtedly encoun-
tered by the erupted gas during its flight, we have fo add
even more largely to the initial velocity.1 It is scarcely
conceivable, all such considerations being duly weighed, that
the initial velocity can be less than 300 miles per second;
and it is far from inconceivable that the initial velocity may
be two or three times as great. §

So far, be it remembered, we have been dealing with
known facts ; and the only way of avoiding the general con-
clusion above indicated, is by rejecting the supposition that
prominences are phenomena of eruption. This will scarcely
be regarded, however, as permissible, in the face of the rea-
soning of Zollner and Respighi, and the evidence which they
have adduced in its support. And besides we have inde-
pendent means of knowing that outside the photosphere
velocities occur which are comparable with those above
referred to. I may cite, for instance, the motion of the
bright points watched by Carrington and Hodgson in 1859,
as well as the spectroscopic measurements of the velocity
with which portions of the solar atmosphere are at times
endowed.

Now, if velocities such as I have spoken of are produced
by eruptive action exerted far beneath the photosphere, then
there can be no question that any material erupted with the
glowing hydrogen, and of considerably greater density, would
retain, when passing the level of the photosphere, a much
greater proportion of the velocity initially imparted. For
example, instead of the velocity of 200 miles per second
with which the matter of Respighi’s great prominence must
have crossed the photospheric level (to attain its observed
height), any solid, liquid, or even dense gaseous matter flung
out with the glowing hydrogen of that prominence, would
probably retain a velocity of—say—240 miles per hour. In
such a case it would reach a height exceeding that indicated by



218 . ASTRONOMICAL ESSAYS.

the greatest extension of the radiations observed in Decem-
ber 1870. A velocity (at the photospheric level) only one-
half greater than this would, indeed, suffice to carry a body
to a distance from the Sun equalling our Earth’s.$ A velocity
twice as great as that of the prominence-matter at the photo~
spheric level, would carry a body for ever away from the Sun,
never to have its velocity reduced to less than 125 miles* per
second, even when it had passed away to stellar distances. ',

- But certainly the theory that a large proportion of the

coronal light is due to matter erupted from the Sun, is one.

which would require very strong evidence to render it
acceptable. We have seen that the appearance presented
by the inner and outer corona and the observed association
between those regions and the sierra, lead directly to the
theory that the corona is a phenomenon of eruption; and
undoubtedly this theory is the one naturally suggested by
the photographic views of the corona in this and the last
eclipse, as well as by the drawings and descriptions of the
corona as seen in preceding eclipses. It is impossible, for
instance, to look either at the drawing made by Mr. Gilman
of the eclipse of 1869, or at the very remarkable (and most
strongly attested) picture of the corona as seen during the
eclipse of 1868 at Mantawaloc-Kekee, without being im-
pressed with the feeling that we have here pictures of erup-
tional phenomena. Still, all such natural and obvious
conclusions are to be regarded by the true student of science
with great distrust, and to be analysed with exceeding care,
the natural senses being of all his faculties those which are
most likely to lead the theoriser astray.

* The velocity here spoken of is one of 400 miles per second; the least

velocity required to carry a body altogether away from the Sun, is at the

photospheric level, 380 miles (more exactly 379) per second. The velodity of
a body which crossed the photospheric level at the former rate, would at an
infinite, or practically infinite distance, be reduced to »/ (400)— (380)?, or
about 126 miles per second. - -
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- It will be well then to inquire whether the somewhat
startling theory here dealt with is confirmed or disproved.
by such tests as we can at present apply to it. :
- The first and most obvious test is the examination of the:
photographic records, to see if any signs of the action of
eruptive forces can be detected in the corona. Here I am
disposed to lay great stress on' the examination of the
original negative of Mr. Brothers’s best picture, Fig. 14,and
it was with some interest that I availed myself of his kind.
permission to scrutinise it. The evidence it supplies is such.
as none of the. positives supply, such as no artist perhaps
could reproduce. It is such as to suggest in the strongest.
possible manner that the coronal radiations are phénomena.
of eruption. I was pleased to find, when I mentioned this.
view to Mr. Brothers, that Mr. Baxendell, of Manchester,"
had expressed precisely the same opinion of this remarkable
record.* The appearances referred to are such as to show
that some pictures of the corouna as seen under exceptionally
favourable conditions, are not, as has been commonly sup-
posed, altogether idealized and in fact unwarranted, but.
merely represent with exaggerated distinctness features.
which have a real existence. This remark applies, for in-
stance, to that remarkable drawing by Liais, of the eclipse
of 1858, a copy of which appears at p. 326 of my treatise on.
the Sun, as also,; though in a less. degree (the exaggeration’
being in these instances less marked) to the picture by
Feilitsch (p. 330), and that of the corona as seen at Manta-
waloc-Kekee in 1868 (p. 334). As respects this last eclipse

* I venture to exprees here my feeling that it is of the utmost importance
that the evidence given by this photograph should be exhibited as fully as
possible—in the report of the eclipse—even though it should appear that
this could only be done at considerable cost. The extreme delicacy of details
is such that nothing but the perfection of engraving can properly exhibit their
nature. But I do not hesitate to say that if they can be reproduced they would
be invaluable, in the present state of our knowledge respecting the corona. - . -
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I would invite special attention to the account given by
Mr. Pope Hennessey, who observed at a station near Labuan.
The luminous ring round the Moon ¢ was composed,’ he says,
‘of a multitude of rays quite irregular in length and in
direction; from the upper and lower parts they extended
in bands to a distance of more than twice the diameter of
the Sun. Other bands appeared to fall towards one side;
but there was no regularity, for bands near them fell away
apparently towards the other side. When I called attention
to this, Lieut. Ray said, ¢ Yes, I see them ; they are like
horses’ tails;” and they certainly resembled masses of
luminous hair in complete disorder.” (The reader will be
reminded here of the appearances resembling hanks of thread
in disorder, seen during the eclipse of 1842.) The account
is accompanied by a drawing precisely resembling such a-
drawing as I should make if I were to try to represent what
I saw in Mr. Brothers’s negative.

But now, leaving on one side the peculiar forms of the
bands and rays, I would note that as to the existence of fine
rays in the structure of the corona close by the Sun’s limb,
we have other evidence of a very striking nature. I refer
to Mr. Gilman’s picture in the report of the eclipse of 1869.
In the letter from Sir John Herschel, read by Mr. Brothers
at the March meeting of the Astronomical Society, there occurs
this passage, referring to Mr. Brothers’s photograph :—¢1 see
nothing which gives me the idea of rays, or streaky radiation,
such as appear in Gilman’s picture, which, if it could be
believed, would point to lunar mountains as the origin of the
dark spaces, and bring the whole phenomenon within the dis-
tance of the lunar orbit.” Now we have seen that Mr. Brothers’s
negative does show precisely such rays, and furthermore Mr.
Gilman’s narrative is far too distinct, as is also that of Mr.
Farrell, who observed with him, to leave any doubt as to the
reality of the phenomenon. ¢ The corona,’ says Mr. Gilman,
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¢ was composed of an infinitude of fine violet, mauve-coloured,
white, and yellowish-white rays, issuing from behind the
Moon.” The corona ¢ looked,” says Mr. Farrell, ¢ as if it was
the product of countless fine jets of steam issuing from
behind a dark globe.” We cannot reject such testimony as
this, coming from undoubtedly competent observers, and
altogether inexplicable as due to mere illusion. Whatever
conclusions this observation (as well as Mr. Pope Hennessey’s,
Lieut. Ray’s, and the photographic negative) may seem to
point to, must unquestionably be examined with attention.
But the lunar explanation was not only negatived by the
evidence obtained during the recent eclipse, but is completely
disposed of by the considerations I adduced in the paper
on Oudemann’s Theory, p. 99. I have since had occasion
to submit those considerations to Sir John Herschel, leaving
him to judge of their weight, and he replied at once that,
as I urged, any illumination derived from cosmical dust on
this side of the Moon would be altogether lost in the illu-
mination derived from the cosmical dust lying beyond, up
to, and past the Sun’s place. But it will be seen, at once,
that the theory which regards the corona as a phenomenon
of eruption, requires that these ¢countless fine jets, &c.,
should be seen, whenever the corona is viewed under ex-
ceptionally favourable conditions. The rush of matter can-
not be conceived as taking place otherwise than in countless
exceedingly fine jets, in jets corresponding perhaps in
number to the countless minute prominences which produce
the sierra. ( And in passing it must be noted that the
actual quantity of erupted matter must be regarded as in-
conceivably minute by comparison with the Sun’s mass, inso-
much that the whole amount of matter present at any one
moment in the corona (so far as this cause is concerned)
might be outweighed by one of the least among the asteroids.

But it may now be well to remove certain difficulties
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which present themselves when the startling theory we ard
‘dealing with is carefully considered,—or rather it remains
to be shown that the considerations on which such difficulties
-are founded tend in reality to afford striking evidence in
favour of the theory.

In the first place, it will seem highly probable that some
at least of the matter flung out from the Sun would have
such velocities as I have referred to above as surpassing
those required either to reach the Earth, or even to carry
.matter away altogether from the Sun’s control. In this case,
it would follow :—1st, that some of the erupted matter
would from time to time salute our Earth ; and, 2ndly, since
‘other stars are suns like our own and may be presumed to
behave in a similar manner—that matter erupted from the
‘stars might cross the interstellar spaces'and visit our own
system.

Now regarding the erupted matter as, after cooling, me-
teoric in nature, it would undoubtedly follow from the first
of these results, that more meteors should fall in the day-
time than at night. For the night hemisphere of the Earth
would be saluted only by meteors not belonging to these
solar eruptions. In the daytime solar meteors (if one may
80 term them) would be added, since meteors arriving from
the Sun must needs fall on the hemispbere turned towards
him at the moment of the arrival; there would be a pre-
ponderance, then, in favour of day-falls. Now the only class
of meteors we can make comparison by, is the class of
aerolites, since the fall of these only can be recognised in
the day-time. / And it is a fact, according to the testimony
of Humboldt, Heis, and others, that these aerolites fall,
on the whole, somewhat oftener in the day time than at
night. | o ‘

But, if some meteors ejected in this way from stars should
reach our system, we should expect that they would exhibit
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‘someé signs of having been expelled with a velocity exceed-
ing that barely necessary to carry thein away from their
parent sun. In other words, we should expect that some
‘meleors would exhibit velocities exceeding those which the
Sun can impart to masses drawn by him from outer space.
Now it has been a source of grave perplexity to all who have
studied the details of meteoric astronomy that some meteors
do actually traverse our 'atmosphere with a velocity exceed-
ing by many miles per second that which they could possibly
have, even though after having been drawn by the Sun from
an infinite distance, they encountered the Earth full tilt at
the moment when she was in perihelion. This velocity cannot
exceed 45 miles * per second, whereas we have satisfactory

* In such an inquiry the effect due to the Earth's rotation, as also that due
to her own attraction upon the meteors, may safely be neglected by comparison
with the much greater velocities of the meteor and of the Earth in perihelion,
which we add to obtain the metcors’ apparent or relative velocity. But it
might seem as though, in some cases, the outer planets, and especially Jupiter,
might impart an additional velocity to meteors passing near them on their way
to the Earth, and that thus the observed excess might b® accounted for. Now,
passing.over the fact that only a few meteors have arrived on such paths as
would at all correspond with the imagined explanation, the following con-
siderations will suffice to show that the effect which even Jupiter would have in
increasing the velocity of a meteor is not sufficient to account for the observed
velocities. (It will be obvious that Jupiter and Saturn could not both act to
accelerate a meteor in the imagined way, unless in cases so exceptional that not
one instance could occur out of countless millions of observed instances) :—

Conceive that while a meteor approaches the Sun from an infinite distance
(i.e. & distance practically infinite) Jupiter is at rest, in the line of the metcor’s
course, at a distance J from the Sun; and that at the moment the meteor is
about to impinge on the surface of Jupiter, the planet is suddenly removed
altogether away. Then in this imaginary case, it is obvious that Jupiter would
produce a much greater effect than he can by any possibility produce in increas-
ing the velocities of meteoric bodies. - Now it is easy to determine what would
be the velocity of a meteor, subject to the imagined influence, when it subse-
quently crossed the Earth’s orbit. The equation of motion before the metoor
reached Jupiter's place would be

A .

d ¢  (z-J)
Wwhere uq is the attractive force of the Sun's mass at a unit of distance, u, that
of Jupiter's. We get, then,
‘¢ dx\?_ 2pe . 2py .
(G0 =C+ 5ty
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evidence of meteoric velocities of 70, and even up to 80
miles per second.

C=0, and putting 7 for the radius of Jupiter, the velocity (v) ‘of the meteor
just as it is about to reach the surface of Jupiter is given by the equation,
d:)’- 0’ -Eﬁ' + i“f".

dt T+ J
The equation of the subsequent motion is .
dz_ _ b
an =’
giving
dz\?_ 2u, . .
.‘“)' ==l @)
‘When
2=J+j, ¥*= 2m 204
’ J+7 7
so that
2 20 oy 2
J+7 J+
and therefore
(04 -=2—f‘-’;
J
hence (i) becomes
. Pl 2H (ii)
o J

Now in the case of a meteor crossiug the Earth's orbit, after being brought
by solar influence alone from infinity, the velocity would be given by the
equation
_2u
e=2t,

when for £ was substituted the radius of the Earth'’s orbit. We know that this
velocity is about 25'7 miles per second. And again, it is easy to calculate the

value of 3&. which is, in fact, the expression for the square of the velocity

with which a body approaching Jupiter under his sole influence from infinity
would reach his surface. This is easily shown to be rather less than forty miles
per second. Henee (ii) becomes

o =(257)F + (40)

whence o is about 47§ miles per second. This is a considerable increase, but
when combined with the Earth’s perihelion velocity of 18} miles per second, it
amounts to but 66 miles per second, and therefore still falls considersbly short
of authenticated meteoric velocities. But it need hardly be said that the actual
influence of Jupiter can never approach in value that above estimated on an
imaginary hypothesis.

It is worthy of notice, and has an important bearing on meteoric astronomy,
that the possible influence of Jupiter in increasing the velocity of bodies which
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When we remember also the observed association between
certain meteoric systems and comets, similar evidence will
be recognised in the hyperbolic figure of some cometic
orbits, since no comet approaching the Sun can possibly be
caused to travel in a hyperbolic orbit by his attractive in-
fluence alone. The hyperbolic figure is proof positive that
comets whose orbits exhibit that figure have entered the
domain of our Sun with considerable velocities imparted to
them in some as yet unascertained way. As such a comet
necessarily passes away from the domain of some other star
with such velocity, it follows that neither has such other
star by its attractive powers generated the whole of the
comet’s velocity. And as there is no limit to the applica-
tion of such considerations,é there seems no other way of|
explaining the interstellar velocities of the comets which,
have hyperbolic orbits than by tracing back their course
to the moment when their substance was ejected from some
star with a velocity exceeding, by many miles per second, |
that with which a body would reach that star if attracted
from an infinite distance by the star’s sole influence.{ Granted
that hyperbolic orbits exist, it is unquestionable that they
are not due to the stellar attractions, however perfectly the

have approached the Sun's surfice from enormous distances is very much less;
for equation (ii) becomes in this case

= (379) + (40)

whence v is about 382, corresponding to an increase of but three miles pen
second.

[The following formula is convenient for comparing the maximum velocity
with which a body moving from infinity would reach the surface of either of
two globes under their sole influence respectively. Let the radius of one be R,
anq its mean specific gravity Cy; the radius of the other » and its mean specific
gravity Cr; the respective maximum velocities being V and v. Then
V:_R?Cg
v rC,

falling from heights H and A respectively, whem%n Br]

. The same relation holds if V and v be the velocities acquired in

Q
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motion of a comet in such an orbit corresponds, as we know,
with the theory of gravitation.*

It would follow, if meteors or some meteors were star-
expelled bodies, that their constitution, when examined
microscopically or under chemical analysis, would exhibit
some traces of their origin. In Part II. of this paper I
propose to consider the very striking evidence we have on
this point. I shall touch also on some other evidence in
favour of the theory here dealt with—a theory which, start-
ling as it appears, seems yet to accord, better than any
other, with what is at present known respecting the Corona.

Monthly Notices of the Royal Astromomical Society for April 1871,

II.

BeroRre entering upon the consideration of the remaining
portion of my subject, I propose briefly to discuss some
questions which bave been raised since the former part was
written. I refer in particular to the meteoric theory of the
Corona—that is, the theory that a large proportion of the
light of the Corona is due to the existence of countless hosts
of meteors in the Sun’s neighbourhood. I have mentioned
already my belief that I had somewhat exaggerated the share
which must be assigned to meteoric systems in accounting for
coronal phenomena.t But this admission must not be un-

* We may suppose, indeed, that in some few instances (i.e. relatively few),
planets like Jupiter and Saturn may have given to parabolic cometic orbits a
hyperbolic figure ; but it seems scarcely admissible to suppose that this is
otherwise than exceptional.

+ In a paper by Prof. C. A. Young, of America, entitled ‘ Note on the Spec-
trum of the Corons,’ (one of a series of highly suggestive and valuable con-
tributions to the theory of the subject), he says, ¢ Although I am not able to
ndmit with Mr. Proctor that the whole explanation of the Corona is involved
in the presence of such meteorie partieles, yet it cannot be doubted that they
are very numerous ; and any that may come within 250,000 miles of the solar

- T T e e
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derstood as having any reference whatever to opinions which
I have publicly expressed. On the contrary, all my state-
ments respecting the competence of the meteoric theory to
account for the phenomena of the Corona, have been so
guarded that I find nothing in them to modify. In speak-
ing of a change of opinion, I have referred only to that
view of the subject which I had been disposed to entertain
in my own mind, not to any opinions which I had definitely
enunciated. But I am not concerned at present to indicate
how far, or how little, my own opinions have changed. Ob-
Jjections have recently been raised which would tend, if
admitted, to invalidate the meteoric theory altogether as a
means of explaining any portion of the coronal phenomena.

surface must become incandescent,’ &c. I cannot remember having on any
occasion asserted that the whole explanation of the Corona is involved in the
existence of meteoric systems near the Sun. I could quote many passuges im-
plying that I hold the contrary opinion. I may huve written at times about
the meteoric explanation as founded on a vera causa without discussing other
vere cause; but it is not, therefore, to be inferred that I have doubted the
reality of these others. I would notice in particular that I have slways believed
in the atmospheric nature of u portion of the light seen around the Sun during
totality—even ut the middle of the totality. In the paper on the Solar Corona
and Zodiacal Light, I note that the illumination of our atmosphere by the light of
the prominences and sierra should result in * a faint diffused light diminishing
towards the neighbourhood of the Moon,’ and extending over the Moon's disc
(since it would illuminate the air between the observer and the Moon's body).’
I need hardly observe that the same obvious reasoning which showed me that
the prominences and sierra must produce this kind of illumination, convinced
me also that the real solar Corona (extending beyond the highest prominences)
must be added to the causes of this atmospheric illumination; but in g paper
written expressly to show that there is such a solar Corona, I was not free to
assume in the opening paragraphs the very point I sought to prove. Ag surely
as the visibility of the prominences and sierra implies the existence of an
atmospheric halo due to their light, so surely the visibility of a real solar
Corona implies the visibility of an atmospheric halo due to the light of that
Corona. That both haloes are very faint compared with the real solar Corona
follows from the reasoning given in the above-mentioned paper (pp. 177-181),
that is (as Prof. Young and Dr. Balfour Stewart have since severally
shown) from the darkmees of the Moon’s disc during totality, and from the
faintness of the ordinary glare round the Sun by comparison with the light of
the solar disc.

Q2
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These objections must be dealt with here, because they touch
the very basis of the theory I am now considering. I refer
to those remarks in Sir W. Thomson’s able address at the
meeting of the British Association in Edinburgh, in which
he referred to the opinions he had once entertained respect-,
ing the meteoric origin of the solar heat.

The meteoric theory of the solar heat-supply cannot be
regarded as demonstrated, or even (considered as the sole
source of the solar heat) as demonstrable; nor am I here
anxious to support it in any way. But it is important to
notice that the meteoric theory advanced and eventually
abandoned by Sir W. Thomson is not the theory to which
recent astronomical discoveries have pointed; nor can the
reasoning which Sir W. Thomson has advanced as demon-
strative against his own theory be urged with equal force
(if with any force at all) against those views as to meteoric
matter in the Sun’s neighbourhood, which could alone be
now advocated by the student of meteoric astronomy. It
must be remembered that Sir W. Thomson’s theory related
to meteors circling chiefly within the orbit of the earth, and
he was led to abandon it ¢because Leverrier’s researches on
the motion of the planet Mercury, though giving evidence
of a sensible influence attributable to matter circulating as
a great number of small planets within Mercury’s orbit,
showed that the amount of matter which could possibly be
assumed to circulate at any considerable distance from the
Sun must be very small ;’ therefore, ¢if the meteoric influx
taking place at present is enough to produce any appreciable
portion of the heat radiated away, it must be supposed to be
from matter circulating round the Sun within very short
distances of his surface. The density of this meteoric cloud
would have to be supposed so great that comets could scarcely
have escaped, as comets actually have escaped, showing no
discoverable effects of resistance, after passing his surface
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within a distance equal to one-eighth * of his radius.’ But
recent discoveries respecting meteors point to a totally dif-
ferent solution of the difficulty here considered. We are
neither bound to show that the greater part of the meteoric
matter available for the purpose in question is at any time
present within the Earth’s orbit, nor that the matter which is
at any time so placed (or rather at a less distance from the
Sun than our Earth) is the same matter which is similarly
circumstanced at another time. All that we know respect-
ing meteor-systems teaches us to regard them as, for the
most part, travelling in very eccentric orbits, only a small
part of each orbit lying at a less distance than the Earth from
the Sun, and therefore only a small portion of each system
being at any time nearer to the Sun than the Earth is. And
further, we have every reason for believing that only a very
small proportion of the meteoric systems travel near to the
plane of the Earth’s orbit. Among the meteoric orbits there
is every variety of inclination; and therefore we have not
to deal with matter which is collected in or near the plane
of the ecliptic, but with matter completely enveloping the
Sun on all sides. It is not a disc or very flat spheroid, but
- a sphere of meteoric matter, that we are concerned with in
considering those portions of such matter which lie nearer
to the Sun than our Earth does. It needs but a slight ac-
quaintance with the laws of planetary motion to see that
neither the motion of the Earth (and the inappreciable
change in the length of the year), nor the motion of Mer-
cury (and the slowness of the change in the position of his
perihelion), can afford such significant evidence respecting
the quantity of meteoric matter existing within given dis-
tances of the Sun, as was formerly supposed.

In like manner, another objection which Sir W. Thomson

* It should be, I conceive, ‘ one-fifth,’ the comet referred to being that of the
year 1843.
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has urged against his former views loses much of its force
when considered with reference to accepted meteoric theories.
¢Spectrum analysis,” says Sir W. Thomson, ¢gives proof
finally conclusive against the hypothesis that the Sun’s heat
is supplied dynamically from year to year by the influx of
meteors. Each meteor circulating round the Sun must fall
in along a very gradual spiral path, and before reaching the
Sun must have been for a long time exposed to an enormous
heating effect from his radiation when very near, and must
thus have been driven into vapour before actually falling
upon the Sun. Thus, if Mayer’s hypothesis is correct, friction
between vortices of meteoric vapours and the Sun’s atmo-
sphere must be the immediate cause of solar heat; and the
velocity with which these vapours circulate round the equa-
torial parts of the Sun must amount to 435 kilométres per
second. The spectrum test of velocity applied by Lockyer
showed but a twentieth part of this amount as the greatest
observed relative velocity between different vapours in the
Sun’s atmosphere.’

Now if this objection is sound as against the meteoric theory
of the solar-heat supply, it is sound also as against the very
existence of meteoric systems close to the Sun, a conclusion
which very few will be disposed to admit after what has re-
cently been discovered respecting meteors and comets. But
I apprehend that the objection is obviated by precisely the
same reasoning which is valid against the former objection.
Undoubtedly if meteoric matter came in vortically around the
equatorial parts of the Sun and in the direction of planetary
motion, we might possibly expect to find some spectroscopic
evidence of the existence of their vaporous substance, moving
as it would with a velocity exceeding more than 200 times
that due to the Sun’s rotation. Even in this case it would
appear venturesome to assert that the want of such evidence
was ¢ proof finally conclusive against’ the existence of the
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meteoric vortices. For the meteoric matter being brought
. to rest (relatively to the Sun) by friction, there must be all
possible rates of motion between 240 miles per second and
rest with respect to the Sun’s globe. The bright lines due
to the vaporous meteors would therefore be widened so as
to cover the space between their normal position and the
positions due to the maximum velocity of 240 miles per
second. That thus widened, and proportionately faint, they
would be discernible as bright lines on the bright back-
ground of the solar spectrum, may be gravely doubted ; that
they must be so discernible may be safely denied. But the
actual circumstances are very different even from those here
considered. All the evidence recently obtained respecting
meteors tends to show that those which approach the Sun
neither ¢ travel around his equatorial parts,’ nor move on a
direct course, nor with a velocity that can be definitely as-
signed. Our Earth encounters more than 100 meteor-systems
(according to the observations of Heis, Alexander Herschel,
and others); and though none of these systems probably pass
near the Sun, yet we can infer from them what must be the
characteristics of the millions on millions of meteoric systems
which (according to all reasonable probability) belong to the
solar system. We must conclude, then, that the systems which
pass near the Sun are inclined in all possible directions to
the solar equator, have every possible degree of eccentricity
(and, therefore, every degree of velocity between 240 and
379 miles per second), and travel both in direct and retro-
grade courses. That the spectroscope would afford any evi-
dence of the existence of these multifarious forms and
degrees of motion, existing in systems which probably
include every variety of elementary constitution, and further
modified by the effects of frictional resistance, so that every
velocity down to relative rest must be included among the
meteoric movements, is utterly improbable, to say the
least.
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It will be understood that if the objections here con-
sidered were valid, they would affect the theory that the Sun
expels meteoric matter from his interior, as fatally as the
general theory that meteoric systemsare circulating in count-
less myriads around the Sun’s globe. For the Sunis but one
among the unnumbered millions of suns which exist through-
out space ; and if our Sun expels meteoric matter, it must be
inferred that the stars act in like manner. And objections
against the existence of meteoric systems around the Sun—
which cannot possibly be sun-expelled—would be objections
against star-expelled meteors, and so inferentially against
the expulsion of meteoric matter from the Sun. It is onthis
account that I have thought it necessary to consider the
objections dealt with above.

If any of the meteors which reach our Earth have really
been expelled either from our own Sun or from his fellow-
suns, we might expect that their structure, as well micro-
scopic a8 chemical, would exhibit some sgigns of the circum-
stances under which these bodies had their origin.

Now as respects the microscopic structure of meteors,
although we have much interesting information, and though
some facts are known which seem scarcely explicable save
on the strange theory I am considering, yet it must be ad-
mitted that there is much that is perplexing. Since I wrote
the first part of this paper, I have had the opportunity of
inspecting a large number of Mr. Sorby’s singularly beau-
tiful specimens, with his own instruments, and with the
advantage of his own unrivalled experience to explain those
facts which otherwise would have had little meaning for me.
He also kindly gave me copies of all his papers on the sub-
ject, and these I have carefully studied. Space will not
permit me to discuss here the various facts on which Mr.
Sorby’s reasoning and his (hypothetical) conclusions have
been based. It must suffice for me to state that, while there



— e

CONSIDERATIONS RESPECTING THE CORONA. 233

remain many sources of perplexity in every part of the
subject, he still considers the general conclusion which he
published in 1864 as the most probable, and that, in fact,
no other seems available. How far this conclusion is in
accordance with the theory we are upon, the reader shall
judge. ¢The most remote condition of which we have
positive evidence, he wrote in 1864, ¢ was that of small
detached melted globules,* the formation of which cannot
be explained in a satisfactory manner, except by supposing
that their constituents were originally in the state of vapour
as they exist in the Sun.’ He found evidence that the
meteors had been in the state of vapour while under enor-
mous pressure, and ¢‘in mountain masses.’ It certainly
seems difficult to understand where and how the sub-
stance of meteors could have been in this state, save within
an orb as intensely heated and as vast as our Sun and his
fellow-suns.

The evidence from the chemical structure of meteors is
even more striking.

If we consider the circumstances under which the meteors
are supposed (according to this theory) to be expelled from
the Sun or stars, and remark the evidence we have respect-
ing the existence of hydrogen in other suns than ours, we
shall see the probability that some among the meteors which
reach us would show signs of having been once surrounded
by intensely hot hydrogen, existing at an inconceivably vast
pressure. For iron, which is so frequently present in
meteoric masses, if solidified under such conditions, would
condense within its substance a considerable proportion of

* It may be added that Prof. Stokes considers the polariscopic observations
of the Corona to indicate the presence of minute crystals of metal, travelling
radially from the Sun.t.Mr. Ranyard has shown also that the polariscopic
observations of the zodiacal light imply not only that the light is due to the
reflection of solar light, but that the matter reflecting such light either exists

in particles so small that their diameters are comparable with the wavre-lengths
of light, or else that such matter is capable of giving specular reflection. ,
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hydrogen. Now, we have evidence on excellent authority
that meteoric iron contains a larger amount of occluded
hydrogen than malleable iron can be impregnated with.
The late Professor Graham examined a piece of the Lenarto
meteor, constituted, according to Werle’s analysis, of
90-883 parts of iron, 8:450 parts of nickel, 0°665 of cobalt,
and 0'002 of copper. When a volume of 5:78 cubic centi-
métres of this iron was heated to redness, ¢gas came off
rather freely; namely, in 35 minutes 5'38 cubic centi-
métres, in the next 100 minutes 9:52, and in the next 20
minutes 1-63 cubic centimétres; in all, in rather more than
24 hours, no less than 16:53 centimétres, or about three times
the volume of the iron itself. ¢The first portion of the gas
collected had a slight odour,’ says Professor Graham ;* ¢but
much less than the natural gases occluded by ordinary iron.
It did not contain a trace of carbonic acid.” The second
portion of the gas collected (consisting of 9:52 cubic centi-
métres) gave of hydrogen 85-68 parts per cent., the rest con-
sisting of nitrogen and carbonic oxide. ¢The Lenarto iron
appears, therefore, to yield 2:85 times its volume of gas,
says Professor Graham, ¢of which 86 per cent. nearly is
hydrogen, the proportion of carbonic oxide being so low as
44 per cent.’ But ¢the gas occluded by iron from a car-
bonaceous fire is very different, the prevailing gas then
being carbonic oxide. For comparisun, a quantity of clean
horseshoe nails was submitted to a similar distillation.’
This iron gave 2:66 times its volume of gas; the first por-
tion collected contained only 35 per cent. of hydrogen,
50-3 per cent. being carbonic oxide, 7'7 per cent. carbonic
acid, and 7 per cent. nitrogen ; the second portion gave no

* Not having Graham’s original paper by me, I quote these passages from
extracts in Mr. Mattieu Williams' Fuel ¢f the Sun, where the theory of the ex-
pulsion of meteors from the Sun is enunciated and supported —on grounds, how-
ever, not always strictly in accordance with dynamical principles.
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carbonic acid, but 58 per cent. of carbonic oxide, and only
21 per cent. of hydrogen.

On these results Professor Graham reasons as follows:—
¢It has been found difficult to impregnate malleable iron
with more than an equal volume of hydrogen under the
pressure of our atmosphere. Now, the meteoric iron (this
Lenarto iron is remarkably pure and malleable) gave up
about three times that amount without being fully ex-
hausted. Q The inference is that the meteorite had been
extruded from a dense atmosphere of hydrogen gas, for
which we must look beyond the light cometary matter
floating about within the limits of our solar system. . . .
Hydrogen has been recognised in the spectrum analysis of
the light of the fixed stars by Messrs. Huggins and Miller.
The same gas constitutes, according to the wide researches
of Father Secchi, the principal element of a numerous class
of stars, of which a Lyre is the type. The iron of Lenarto
has no doubt come from such an atmosphere, in which
kydrogen greatly prevailed. This meteorite may be looked
upon as holding imprisoned within it, and bearing to
us, the hydrogen of the stars.

Other circumstances relating to the Corona itself seem to
require some such theory as that we are dealing with for
their elucidation.

The coronal spectrum, although not by any means iden-
tical with the spectrum of the terrestrial aurora, shows yet
such a resemblance to this spectrum as to indicate that the
corona is in part due to a perpetual solar aurora. Such at
least is the theory to which many profound reasoners have

“been led by the study of the coronal spectrum. But a
difficul‘y had existed in determining how electrical action
could be excited where we see the light of the Corona.*

* When Prof. Reynolds exhibited (at the last meeting of the British Asso-
ciation) the very beautiful electrical Coronu by which he illustrates the auroral
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The theory we have been dealing with would remove this
difficulty, for the rush of the erupted matter, even through
the rare medium existing round the Sun, would produce pre-
cisely the effect which the coronal theory requires. The
fact that one of the lines of the coronal spectrum belongs to
the ‘spectrum of iron may be regarded as supplying sub-
\sidiary evidence of some weight. ’

I have already referred to the fact that under close tele-
scopic scrutiny the Corona presents close by the Sun an
appearance as though countless thousands of jets were issu-
ing from the photosphere. But it may be asked whether
any direct evidence of an outrush of matter has ever been
obtained. It might well happen that no such evidence was
available ; for, as I have mentioned, the actual volume of
the erupted matter must be supposed to bear but the
minutest possible proportion to the volume of the pro-
minences. The swift motion of the erupted matter would
not tend, perhaps, to add to the difficulty of detection,
because the effects of that motion at the Sun’s distance
would scarcely be appreciable, even in powerful telescopes.
But it would be difficult to distinguish the erupted matter
by its appearance, and as its light would give a continuous
spectrum (owing to the enormous compression of the issuing
Jjets), it would be wholly impossible to detect the existence
of this matter by spectroscopic analysis. It may be que--

theory of the Corona, Prof. Tait remarked that this theory had been rejected
by men of science. It is difficult to understand on what grounds this remark
was founded. I cannot find that any man of science has expressed an opinion
adverse to the auroral theory. Dr. Balfour Stewart, General Sabine, and others,
have used arguments respecting the prominences (before the nature of these
was known) which may now be fairly applied to the Corona, while Prof. Young
of America, Prof. Reynolds and others in England, and several Continental
physicists, have spoken favourably of the auroral theory as directly applicable
to the phenomena of the Corona. The noteworthy point is not, however, that
there is such good authority in favour of the theory, but that not one man of
science has definitely expressed an opinion adverse to it.
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tioned whether the brilliant flakes seen by Mr. Gilman in
the large prominences visible during the eclipse of 1869 can
be regarded as in any way related to the subject we are
upon. These flakes ¢ stood out, he says, ¢ as if totally uncon-
nected from the rest of the prominence.’ But their size, as
described and pictured by him, forbids us to believe that
they could have been masses of erupted matter; though it
is by no means impossible that they may have been clusters
of many such masses resulting from volleyed discharges.

A phenomenon ohserved by Dr. Zollner seems less ques-
tionably related to our subject. Observing the Sun on June
27, 1869, he noticed that as soon as he brought the slit of
the spectroscope close to a certain part of the Sun’s limb,
where the prominences were particularly long and bright,
brilliant linear flashes passed through the whole length of
the dull spectrum, over the limb of the Sun, about three or
four minutes’ distance from the latter. ¢These flashes,” he
says, ¢ passed over the whole of the spectrum in the field of
view, and became so intense at a certain point of the Sun’s
limb as to produce the impression of a series of electrical
discharges rapidly succeeding one another, and passing
through the whole spectrum in straight lines. Mr. Vogel,
who afterwards, for a short time, took part in these observa-
tions, found the same phenomenon at a different portion of
the Sun’s limb, where protuberances also appeared.’ Zsllner
remarks that ¢the phenomenon can be explained by the
hypothesis that small intensely incandescent bodies moving
near the surface of the Sun emit rays of all degrees of
refrangibility, and produce flashes of a thread-like spectrum
as their image passes before the slit of the spectroscope.’

To these considerations may be added some which are
connected with the aspect of the solar photosphere. For
instance, the researches of De la Rue, Stewart, and Loewy
seem to prove that ¢ the faculz of a spot have been uplifted
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from the very area occupied by the spot, and have fallen
behind from being thrown up into a region where the
velocity of rotation is greater.,’ This, of course, would cor-
respond with what the theory we are considering would
suggest. ¢ And it may be noticed’ (here I quote from a
paper of my own in ¢Fraser's Magazine,’ for April 1871)
¢ that, regarding spots as phenomena of eruption, that is, as
beginning with eruption, we can find a reason for their
occurrence being associated, as Mr. De la Rue and his col-
leagues believe, with the relative proximity of the planets.
For eruptions and earthquakes on our own Earth, stable as
its substance undoubtedly is by comparison with the Sun’s,
have been observed to occur more frequently when the Moon
is in perigee ; and Sir John Herschel has explained the pre-
dominance of active volcano and earthquake regions along
shore-lines as depending on the seemingly insignificant
changes due to tidal action. How much more, therefore,
might we expect that the solar equilibrium would be dis-
turbed by planetary action, when all that has been revealed
respecting the Sun tends to show that the mightiest con-
ceivable forces are always at work beneath his photosphere,
one or other needing only (it may well be) the minutest assist-
ance from without to gain a temporary mastery over its rivals.
And if, as recent observations tend to show, the mightiest
of the planets sympathises with solar action; if when the
Sun is most disturbed the belts of Jupiter are also subject
(as of late and in 1860) to strange phenomena of change:
how readily do we find an explanation of what would other-
wise seem so mysterious, when we remember that, as Jupiter
disturbs the mighty mass of theSun, so the Sun would recipro-
cally disturb the mass of the largest of his attendant orbs.’*®

Monthly Notices of the Royal Astronomical Society for October 1871.

0
* Since these papers were written, observations made by Father Secchi, of
Rome, and Prof. Young, of Amcrica, have gone far to demonstrate the theory
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here dealt with. Father Secchi has found that the eruptive prominences are
confined to the solar-spot zone, and also that in their substance there are several
metallic elements. Prof. Young has witnessed an eruption in which hydrogen
wisps were carried from a height of 100,000 miles to a height of more than
200,000 miles in ten minutes; the calculated time for a projectile in vacuo
traversing this distance and brought to rest at a height of 200,000 miles being
25° 56”. Hence the retardation of the hydrogen must be enormous. A full
account of Prof. Young's observations will be found in the second edition of
The Sun.
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THE SUN'S JOURNEY THROUGH SPACE.

Few of the discoveries made by astronomers are more sur-
prising than that of the Sun’s motion through the celestial
spaces. Followed by his train of attendants—planets, aste-
roids, comets, and meteoric systems—he is ever rushing
onwards through space with a velocity of which the human
imagination is unable to form any adequate conception.
Whether the vast orbit which he must in reality be pur-
suing is of any regular figure, or rather consists of myriads
of interlacing loops; whether in the former case there is
some vast central orb around which his motions are directed,
or whether the orbit is simply regulated by the gravity of
the scheme of fixed stars, without any preponderant mass at
the centre; whether, in fine, the Sun is an attendant star, or
is himself one of the regulating orbs of the sidereal scheme
—on all these peints astronomy is as yet silent. Specula-
tion has, indeed, suggested many interesting surmises,
grounded on more or less probable evidence; but as yet
no theory founded on an exact examination of the results
of systematic observation has been presented to the world.
Nor is it likely that astronomers will quickly be able to sys-
tematise the motions of the stars. The Copernicus of the
sidereal system is not to be expected for many generations,
perhaps not for thousands of years. Nay, if it befitted us to
doubt after the achievernents of our Newtons and our Her-
schels, we might fear that the great problem of co-ordinating
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the motions of the fixed stars into a single scheme is one
which it will never be given to the human race to triumph
over.

What has already been done, however, is well worthy of
careful study. In fact, it may be doubted whether the full
complexity of the problem which has been solved by our
astronomers has been thoroughly appreciated. I wish to
exhibit the nature of the results which have been obtained,
and then to discuss some peculiarities which, without in any
sense throwing doubt upon the justice of the conclusions to
which astronomers have arrived, yet serve (unless I mistake)
to prove in the clearest manner that the assumptions on
which the problem of the Sun’s motion has been solved
require modification. The work of our astronomers
resembles, in a sense, the famous work of Adams and
Leverrier, when they spread forth the subtle webs of their
analyses to capture the unseen planet whose influence had
so long been felt upon the outskirts of the solar system.
Just as their assumptions respecting the mass and distance
of the great unseen were incorrect, yet led to a correct
result, so the assumptions on which our astronomers have
founded their determination of the Sun’s motion in space
may be now shown, by means of that very determination, to
have been wholly incorrect.

Let us first rightly grasp the nature of the problem which
the elder Herschel set himself.

He argued that if our Sun is moving through space, the
effects of his motion must generally be on this wise :—The
stars in those regions of space towards which the Sun is
moving must seem to ¢ open out,’ precisely as the trees of a
forest seem to ¢ open out’ as we approach them. The stars
in the opposite region must seem to close in to a cor-
responding extent. But the most marked effect must
appear in the stars which are on or near the celestial circle

R
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midway between these two regions. All such stars must be
affected by a ¢ backward drift,’ corresponding precisely in
degree to the rate of the Sun’s advance.

It will be observed that hitherto the question of the stars’
distance has not been introduced. But it is clear that this
question must affect to a most important extent the effects
of any definite solar motion. For anything that Herschel
knew when he began his inquiry, the stars might be so far
off that the Sun’s motion, even though vast in itself, might
produce absolutely no appreciable effect upon the position-
of the stars. Then again, supposing the first-magnitude
stars, presumably the nearest, were affected in a certain
degree by the Sun’s motion, then the second-magnitude stars
would be less affected, the third still less, and so on. Again,
the stars regarded as suns resembling our own central
luminary, might be expected to have their own motions
through space, and it was uncertain before inquiry whether
these motions might not be quite sufficient to mask the
effects of the Sun’s motion; or, at any rate, the balance of
effects might be so small as to render it very doubtful
whether accident or a real motion of the Sun had been the
cause of the slight apparent preponderance of motions in
some definite direction.

I mention all these circumstances that the reader may be
able to appreciate the boldness of Herschel’s genius in ven-

- turing to gearch, amidst so many conflicting evidences as he
might expect to meet with, for that small residuum of
motion on which he hoped to found the doctrine of the
Sun’s motion through the sidereal spaces.

But yet more startling is it to find how slender was the
stock of materials which Herschel had at his command.
‘When we know that modern astronomers have examined the
tmotions of hundreds of stars in dealing with the same pro-
blem, it is amazing to think that Hersphel should have
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hoped to deduce from the motions of only seven stars a
result of so much importance as that he was in search of.
It is yet more amazing to fidd that he achieved a perfect
success. He announced in 1783 that the Sun is advancing
towards a point in the constellation Hercules. Even at the
present day astronomers have mot been able to say more, so
far at least as the direction-of the Sun’s motion is concerned.
Every subsequent inquiry has exhibited the constellation
Hercules, or its immediate neighbeurhood, as including
the point which astronomers call the “apex of the sun’s
motion.”

But this result—I mean the successful determination of
the direction of the Sun’s motion from the consideration of
only seven stars—is not only surprising; it is highly signi-
ficant. Let us at once accept it in its full importance. It
proves, not merely that the Sun has such a motion as
Herschel had’ suspected; but that the Sun’s motion must
bear a very-considerable proportion to the motions of the
other stars in space. Had’ the' Sun' been one of tHose stars
which move very slowly compared with their fellow-orbs,
there can be no doubt whatever that so rough and inexact
a mode of inquiry could have revealed nothing respecting
the direction in which the Sun'is travelling. It is only by
looking upon the Sun’s motion as far from- being the léast
rapid of the stellar journeyings, that we can understandor
appreciate Herschel’s success:

We shall presently see- that this fact is of the greatest
significance in reference to the results which have rewarded
later researches.

Herschel’s conclusions were not left ummoticed or un-
challenged. So small; however, has been the number of
those who have disputed the justice of Herschel’s views, and
so thorough has been the vindication which: those views
have received at the hands of the ablest astronomrers, that
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we need not be at the pains to discuss the arguments by
which a few mathematicians (I believe only two) have
attempted to imi)ugn the accuracy of Herschel’s con-
clusions.

At an early stage in the inquiry it was felt that the re-
lative distances of the stars must have an important bearing
on the determination of the actual nature of the Sun’s
proper motion. The general drift of the stars in a certain
direction may be very significant evidence of the Sun’s
motion in the contrary direction. But if we wish to esti-
mate the actual velocity with which the Sum is travelling,
we must have clear conceptions on two very important
points. We must determine the relation between the dis-
tances of the brighter and fainter stars, ranging them in
definite gradations of magnitude; and, moreover, we must
know the actual distance of several stars.

On the last point astronomers have obtained satisfactory
results. There are, indeed, very few stars whose distances
are known ; but several of these distances have been ascer-
tained in a manner there is no disputing. Over and over
again, for instance, has the distance of the leading brilliant
in the Centaur (a famous double star) been determined ; and
the results have always been closely accordant. Then there
is the small star (No. 61) in the Swan, whose rapid apparent
motions long since suggested to astronomers the idea of its
proximity to our system. This star’s distance has been
measured by Bessel and Peters (by independent processes),
and with satisfactorily accordant results. And several other
stars might be named respecting whose distances very little
doubt remains in the minds of our astronomers.

But on the other point there has been a considerable
variety of opinion. All agree that the fainter stars must
be assumed to lie much farther away than Sirius, or Capella,
or Arcturus, or Vega. But whether the relative distance is
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satisfactorily indicated by the difference of brilliancy, or
wheth