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PREFACE TO THE THIRD EDITION.

DVANTAGE has been taken of the call for a new edition

of this work to subject the whole, from the first page to
the last, to a searching revision. This has proved to be a task
of unusual difficulty and labour, in consequence of the astonishing
developement which has taken place in the science of Astronomy
during the last ten years. I might, however, have had a better
chance of grappling with this had I not laboured for a long
time past under serious disadvantages arising out of the demands
on my time made by professional work, which have of late been
such as to render it very difficult for me to give to Astronomical
Studies that close attention which is indispensable if the author
of an Astronomical Book would keep his pages up to date and
so do justice alike to himself and his readers, It is not open
to doubt that this is a matter which sits very lightly upon the
consciences of some writers of Text-books.

I do not know that it is worth while to attempt to specify
at any great length what has been done in preparing this
Edition. It may be stated, however, that there is scarcely a
single page which has not been, to a greater or less extent,
dressed up, or in some way amended, with the object of making
its statements more accurate in substance or intelligible in
diction. The most important changes will be found in the
chapters dealing with the Sun, Sidereal Astronomy, and Astro-
nomical Instruments. The descriptions of Clusters and Nebule
have been made more numerous, and the lists of objects critically
revised one by one actually at the telescope, so as to make that
portion of the work more completely than formerly a vade mecum
for the mere star-gazer who is an Astronomer simply in the
respect that he is the owner of a telescope. Indeed, it has been
chiefly with this idea in view that so much additional matter
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has been introduced into the chapters relating to Astronomical
Instruments. The ¢ Practical Hints” and suggestions have been
gathered from so many sources, and embody the collective wisdom
and experience of so many men, that they cannot fail to deserve
attention. I believe also that this volume now stands alone
in its full description, so far as regards the wants of amateur
observers, of the mounting and use of Reflecting Telescopes.

The present edition extends to 961 pages as against 856 in the
case of the last edition, but these figures quite fail to convey an idea
of the amount of the new matter now given, because large type has
been in many places replaced by small type and blank backs of
Plates occupied by type, so that the net increase in the contents
of the volume is not less than 200 pages.

I have to acknowledge a great amount of very useful advice
and assistance from observers in all parts of the world, most
of them total strangers to me, many of them being persons I
had never heard of until the receipt of their letters. Indeed,
the letters that I have received, especially from the United States
of America, have been a very gratifying encouragement to me to
persevere in improving this work in every possible way.

At the risk of being invidious, I must tender my particular
thanks to the Rev. R. Main, of the Radcliffe Observatory, Oxford ;
Prof. 4. 8. Herschel, of Newcastle; Mr. W. T. Lynn, F.R.A.8., and
Mr. Z. W. Maunder, F.R.A.S., both of the Royal Observatory,
Greenwich; Capt. Noble, F.R.AS., Mr. G. Knot{, FR.A.S,,
and Mr. J. Browning, FR.A.S., in the United Kingdom ; and
abroad to MM. E. Schinfeld, of Bonn; R. Wolf, of Zurich;
Mz. J. N. Lewis, of Mount Vernon, Ohio, U.S.; and Mr. N. Pogson,
Government Astronomer at Madras. Much material literary
assistance of a non-astronomical character has been afforded me
by Mr. H. J. Hood, of the Equity Bar, whilst for some of the
illustrations I am indebted to the Secretaries of the Royal Astro-
nomical Society, Mr. J. N. Lockyer, and Macmillan and Co.

&. §. C.

East BournE, SussEx,
December, 1876.



PREFACE

STRONOMY is not cultivated in this country, either as a

study or as a recreation, to the extent that it is on the
Continent of Europe and in America. I am not exactly prepared
to say why this should be so, but perhaps a clue can be found.
There is a lack of works in the English language which are at one
and the same time attractive to the general reader, serviceable to
the student, and handy, for purposes of reference, to the pro-
fessional Astronomer ;. in fact, of works which are popular without
being vapid, and scientific without being unduly technical.

The foregoing observations will serve to indicate why this
book has been written. Its aim, curtly expressed, is, general
usefulness,

Preferring facts to fancies, I have confined within very moderate
limits Theoretical considerations, and especially have I avoided
chronicling any of those mischievous speculations on matters
belonging to the domain of Recondite Wisdom, which have within
the last few years borne such pernicious yet natural fruits.

Great pains have been taken to present the latest information on
all branches of the Science. Astronomical progress is usually so
rapid, that unless an author exercises constant vigilance, a book
will soon fall behind the times. In regard to this matter of bring-
ing up to date, it is believed that the present volume will compare
favourably with any of its contemporaries,

To Mr. I. Fletcher, M.P., Mx. W. De La Rue, Mr. J. Nasmyth,
Mr. J. Murray, Dr. C. A. F. Peters, the Secretaries of the Royal
Astronomical Society, and the Editors of the Popular Science Review
and Astronomical Register, I am indebted for divers facilities in
regard to the illustrations.
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The Woodcuts have mostly been executed under my own
personal superintendence, but those of the Clusters and Nebule
are not all to my satisfaction. It has been very difficult to prevent
the Engraver from unduly exaggerating the brilliancy of the stellar
details.

Perhaps this is a fitting place to draw attention to a matter of
some importance in connection with Sir Jokn Herschel's very
numerous drawings of Clusters and Nebule. It does not appear to
be generally known that they are all reversed right and left, and
the consequence is, that unless allowance is made for the reversal,
when comparisons are instituted, either with the objects themselves
or with the figures of other observers (who, so far as I have noticed,
invariably represent the objects as they are seen through an
inverting telescope), the reader will find it impossible to reconcile
the discrepancies which manifest themselves.

Every care has been taken to secure accuracy in the printing, and
I trust that the errors which may have escaped notice are neither
numerous nor important.

Tinally, I hope that this book may be the means of inducing
some, at least, to interest themselves in the study of that noble, but
by no means abstruse, Science which in so conclusive a manner
shews forth the wonderful Wisdom, Power, and Beneficence of the
Great Creator and Omnipotent Ruler of the Universe.

®. IF. €,
March, 186%.
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ADDENDA ET CORRIGENDA.

Page
12, line 9, for 24h 14m,508 read 253 gh 34m.

71, line 5 from bottom of text, for “discovered by Sir G. B. Airy in
1846 ” read “first surmised by Sir G. B. Airy about 1828, and
fully expounded in 1831. See Phil. Trans., 1828 and 1832.”

87. For “Sept. 21 ” read “about Sept. 23.” :

97. Observers interested in Mars should consult a most interesting and
valuable memoir entitled 4reographie presented to the Academie
Royale de Belgique in June, 1874, by M. F. Terby of Louvain.
It reached me too late to be mentioned in the text.

98, line g from bottom, for  one conjunction and one opposition” read
“two conjunctioils or two oppositions.”

105, line 4. The minor Planet Hilda is more distant than Freia.

110, line 10 from bottom, after « planet ” insert ““ except Saturn.”

124, paragraph 4. A letter from Mr. Barneby, received too late to be
made use of in preparing p. 124 for press, has cleared up the
difficulties noted in this paragraph. In line 5 “third” is a mis-
print by the R. A. Society’s printer for ¢ first.”

127, line 9 from bottom, for “synodical” read *“sidereal.”

129, footnote (¥), for 185,500 read 186,660.

129, line 1 of note (¢), for “reduction” read “augmentation.”

148. By an oversight no mention is made of Prof. J. C. Maxwell’s
highly important essay on ZThe Stability of the Motion of
Saturn's Rings, published at Cambridge in 1859. See Month.
Not., vol. xix. p. 297. .

169. Prof. Newcomb has informed me by letter that Hind’s elements of
the satellite of Neptune, “at least & and ¢, are far wrong.”

235, line 5, for 8105%; 8121%; 8105%; read 8,105%; 8,121%; 8,1053.

297. Some conclusions by Von Asten respecting Encke’s Comet should
have been noted. He finds that inexplicable irregularities in the
motion of the Comet were manifested in 1875, whilst in 1868
there were no such irregularities traceable. He deems the
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“Resisting Medium ” theory only partially sufficient, and falls
back upon an opinion of Bessel’s that the remarkable disturb-
ances to which this Comet is subject have their orjgin in the
internal constitution of the Comet. (dst. Nach., vol. Ixxxv.
No. 2038. May 25, 1875.)

546, line 20. 'Wolf considers that the Merope nebula is variable with

a short period. As regards the Stars in the Pleiades generally
he thinks Merope and Aélas to be decidedly variable, and Maia
perbaps so. (Month. Not., vol. xxxvi. p. 196. Feb. 1876.)

736, line 30. In the remarks on Astronomical Periodicals the following

sentence was omitted :—* The Germans have a somewhat similar
periodical called Sirius; Zeitschrift fiir populire Astronomie,
edited by R. Falb and published by C. Scholtze, Leipzig, about
9d. monthly, delivered in England.”

THE GREEK ALPHABET.

* ¥ The small letters of this alphabet are so frequently employed in

Astronomy that a tabular view of them, together with their pronuncia-

tion, will be useful to many unacquainted with the Greek language.

a Alpha. » Nu.

B Beta. & Xi.

v Gamma. o O-micron.
& Delta. = Pi.

¢ Epsilon. p Rho.

¢ Zsta. o Sigma.
7 Eta. T Tau.

0 Theta. v Upsilon.
¢ Tota. ¢ Phi.

« Kappa. x Chi.

A Lambda. ¥ Psi.

p Mu, o O-mega.
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THE SUN AND PILLANETS.

CHAPTER L

THE SUN. ©

“0 ye Sun and Moon, bless ye the LorD : praise Him, and magnify
' Him for ever.”— Benedicite.

Astronomical importance of the Sun.—Solar parallax.—The means of determining it.—
By observations of Mars.—By Transits of Venus.—Numerical data.—Light
and Heat of the Sun.——Gravity on the Sun.—Spots.—Description of their
appearance.—How distributed.—Their duration.~—Effect of the varying position
of the Earth with respect to the Sun.—Their size—Instances of large Spots visible
to the maked eye.—The Great Spot of October 1865.—Their periodicity.— Dis-
covered by Schwabe.—Table of his results.—Curious connexion between their
periodicity and that of other physical phenomena.—Singular occurrence in Sep-
tember 1859.— Wolf’s researches.—Spots and Terrestrial Temperatures— Their
Physical Natwre.—The Wilson-Herschel Theory.— Historical Notices.—Scheiner.—
Facule.— Luculi—Nasmyth’s observations on the character of the Sun’s Surface.—
Hugqing’s ditto.—Ballot's inquiry into Terrestrial Temperatures.

F there is one celestial object more than another which may
be regarded as occupying the foremost place in the mind of the
astronomer, it is the Sun: for, speaking generally, there is scarcely
any branch of astronomical inquiry with which, directly or in-
directly, the Sun is not in some way associated. It will not
‘therefore appear unreasonable if we deal with it at the very
commencement of a treatise on Descriptive Astronomy 2,
By common consent, the mean distance of the Earth from the
Sun is taken as the usual unit of astronomical measurement.
The most approved method of determining the value of this is

* Every one who wishes thoroughly second and much enlarged edition was
to “get up’ the Sun should read Secchi’s  published in 1875.
magnificent work Le Soleil, of which a

[ =y~ 2
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(as was first pointed out by Halley) by the aid of observations of
transits of the planet Venus across the Sun, (to be dealt with
generally hereafter). The problem is, for various reasons, an in-
tricate one in practice, but when solved places us in possession
of the amount of the Sun’s equatorial korizontal parallaw ; in other
words, gives us the angular measure of the Earth’s equatorial semi-
diameter as seen from the Sun’s centre, the Earth being at its mean
distance from the Sun. With this element given, it is not diffi-
cult to determine, by trigonometry, the Sun’s distance, expressed
in radii of the Earth; reducible thereafter to miles.

Encke, of Berlin, executed an able discussion of the observations
of the transit of Venus in 1769, and deduced 8:5776” as the
amount of the angle in question®. From this it would appear
that the mean distance of the Sun from the Earth is 240469
times the equatorial radius of the former (3962:81 miles), equal
to 95,293,055 miles, but these results, excellent as they were
thought to be, ceased some years ago to command the acceptance
of astronomers. .

At a meeting of the Royal Astronomical Society, on May 8,
1857, Sir G. B. Airy proposed to revive a suggestion of Flam-
steed’sc for determining the absolute dimensions of the solar system,
founded upon observations of the displacement of Mars in right
ascension, when it is far east of the meridian and far west of the
-meridian, as seen at a single observatory; such observations to
commence a fortnight before and to terminate a fortnight after the
Opposition of the planet. In consequence of the great eccentricity
of the orbit of Mars, this method is only applicable to those Opposi-
tions during which the planet is nearly at its least possible distance
from the Earth. Airy pointed out the advantages of this method
in the various respects that Mars may then be compared with
stars throughout the night; that it has two observable limbs,
both admitting of good observation; that it remains long in
proximity to the Earth; and that the nearer it is, the more ex-
tended are the hours of observation, in all of which matters Mars
offers advantages over Venus for observations of displacement in
Right Ascension. Airy also entered into some considerations
relative to certain of the forthcoming Oppositions, and named

b Der Venusdurchgang von 1769, p. 108. Gotha, 1824,
¢ Baily, Life of Flamsteed, p. 32.
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those of 1860, 1862, and 187%, as favourable for determining
parallax in the manner he suggested?. .

Another astronomer now appears on the scene. M. Le Verrier
announced in 1861° that he could only reconcile discrepancies
in the theories of Venus, the Earth, and Mars, by assuming the
value of the solar parallax to be much greater than Encke’s value
of 8:5776”. He fixed 8-95” as its probable value, though, as Stone
has pointed out, this conclusion taken by itself rests on a not very
solid foundation®.

The importance of a re-determination was thus rendered more
and more obvious, and Ellery, of Williamstown, Victoria, New
South Wales, succeeded in obtaining a fine series of meridian ob-
servations of Mars, at its Opposition in the autumn of 1862, whilst
a corresponding series was made at the Royal Observatory, Green-
wich. These were reduced by Stone, and the mean-result& is a
value of 8:932” for the solar parallax, with a probable error of
only 0°032”, supposing the probable error of a single observation
to be 0'25”. This result is singularly in accord with Le Verrier’s
theoretical deduction. Winnecke’s comparison of the Pulkova and
Cape observations of Mars yields 8:964”.

Thus though there might be some uncertainty in the amount of
the correction, there was no doubt that the Sun was nearer than
was formerly considered to be the case.

The distance amended to accord with a parallax of 8:94” is about
91,430,000 miles.

Hansen contributed something towards the elucidation of the
matter, which must not be passed over. As far back as 1854 this
distinguished mathematician expressed his belief that the received
value of the solar parallax was too small, and in 1863 he communi-
cated to Sir G. B. Airy a new evaluation, derived from his Lunar
theory by the agency of the co-efficient of the parallactic inequality.
The result was 8:9159”, a quantity fairly in accord with the other
values set forth above h.

d Month. Not., vol. xvii. pp. 208-21I., 8 Month. Not., vol, xxiii. p. 185. April
May, 1857. Some practical hints on the  1863.
conduct of observations are given by A. b Month. Not., vol. xxiv. p. 8. Nov.
Hall in 4st. Nach. vol. 1xviii. No. 1623. 1863. The amount of the correction
Jan. 16, 1867. to Encke’s determination is about equal
© Annales de UObservatoire Impériale,  to the apparent breadth of a human hair
vol. iv. p. 101.” Paris, 1861. seen from a distance of 125 ft., or that of

8t6 Month. Not., vol. xxvii. p. 241. April  a sovereign at a distance of 8 miles.
1867.
B 2
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Such is a brief statement of the circumstances which caused
such special interest to attach to the transit of Venus which was
to happen on December 8, 1874 : for it was recognised, that, all
things considered, transits of Venus were mest to be relied on
for the purpose of ascertaining the amount of the Sun’s parallax.
The particular eircumstances of the transit in question, and the
results obtained from it, will come under notice hereafter. It
seems almost needless to add that the acceptance of a new value
for the solar parallax necessitates the recomputation of all numerical
quantities involving the Sun’s distance as a unit.

The real mean distance of the Earth from the Sun being ascer-
tained, 1t is not difficult to determine by trigonometry the true
diameter of the latter body, its apparent diameter being known
from observationi; and, as the most reliable results show that
the Sun at mean distance subtends an angle of 32" 36", it follows
that (assuming, as above, a parallax of 8:94”) its actual diameter
is 852,692 miles. It is generally accepted that there is no visible
compression. The surface of this enormous globe therefore ex-
ceeds that of the Earth 11,614 times, and the volume 1,251,570
times; since the surfaces of the spheres are to each other as
the squares of the diameters, and the volumes as the cubes.

The lineal value of 1”7 of arc at the mean distance of the Sun
1s 443 miles.

The Suf’s mass, and consequently its attractive power, exceeds
that of the Farth 314,049 times, and (approximately) is 742 times
the masses of all the planets put together.

By comparing the volumes of the Sun and the Earth and
bringing in the value of the masses, we obtain the relative specific
gravity or density of the two.

The Sun’s volume exceeds that of the Earth in the ratio of
1,251,570 to 1; the Sun’s mass exceeds the Earth’s in the lesser
ratio of 314,049 to 1. Therefore the density of the Sun is to
the density of the Earth as 314,049 to 1,251,570, or approximately
as I to 4. Then taking Baily’s value of the density of the Earth
(567 times that of water), the density of the Sun is 1°42 times
that of water.

1 Lindenau in 1809 and Secchi in 1872  to periodical change, but those ideas have
propounded some strange ideas about the ~ met with no favour. (Auwers in Month.
visible diameter of the Sun being subject ~ Not., vol. xxxiv. p. 22. Nov. 1873.)
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Some interesting points may be conveniently noted here respect-
ing the consequences which must be deemed to flow from the
stupendous magnitude and mass of the Sun. At the surface of the
Earth a body set free in spaee falls 161 feet in the first second
of time, with a velocity increasing during each succeeding second.
A body similarly set free at the surface of the Sun would start with
a velocity 27°1 times as great as that of a bedy falling at the
surface of the Earth. This is equivalent to saying that a pound
weight of anything on the Earth would, if removed to the Sun,
weigh more than 271b. Liais has pointed out a singular conse-
quence of this fact :— An artillery projectile would have on the
Sun but very little movement. It would deseribe a path of great
curvature, and would touch the surface of the Sun a few yards from
the cannon’s mouth.” On the Earth the eentrifugal force due to
the Earth’s rotatien diminishes gravity in a proportion which
increases from the pole to the equator. At the equator the total
diminution is z14th. At the Sun’s equator the eentrifugal force
is only about 2ooth part of the force of gravity. It would be
necessary that the Sun should turn on its axis 133 times quicker
than it does, for the foree of gravity to be necutralised. In the
case of the Earth, however, a speed of rotation 1% times as great
as it is would suffice to produce the same result. The insigni-
ficance of centrifugal force at the Sum’s equator, compared with
the amount of the force of gravity, suffices to explain the absence
of appreciable polar compression in the case of the Sun’s dise.

A consideration of the eomparative lightness of matter com-
posing the Sun led Sir J. Herschel to think that it is * highly
probable that an intense heat prevails in its interior, by which
its elasticity is reinforced, and rendered capable of resisting [the]
almost inconceivable pressure [due to its intrinsic gravitation]
without collapsing into smaller dimensionsk.” That the internal
pressure exerted by the gases imprisoned by the luminous surface
or photosphere of the Sun, must be absolutely stupendous, we have
evidence in the fact of the almost imconceivable velocity (100 to
200 miles per second) of the uprushes of incandescent gas and
metallic vapours, which are almost constantly taking place at
various parts of its surface. It would seem all but certain that

k Qutlines of Ast., p. 297.
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the Sun is nearly wholly gaseous, and that its photosphere consists
of incandescent clouds, in which the aqueous vapour of our terres-
trial clouds is replaced by the vapours of metals. These consi-
derations, however, introduce a difficulty of a precisely opposite
character to that which Sir J. Herschel essayed to combat ; inas-
much as, in the light of our present knowledge, it seems hard
to conceive how a mere shell of metallic vapour should be able
to confine gases at the incomprehensible pressure at which those
which rush out in the form of the now well-known “red flames ”
(see post) must be confined.

We thus see that the Sun is eminently worthy of the important
position it holds as the centre of our system, and thus early it will
be appropriate to mention that the Sun is to be regarded as a fixed
body so far as we are concerned ; when therefore we say that the
Sun “rises,” or the Sun “sets,” or the Sun moves through the
signs of the zodiac once a year, we are stating a conventional
untruth ; it is we that move and not the Sun, the apparent motion
of the latter being an optical illusion.

The Sun is a sphere, and is surrounded by an extensive and rare
atmosphere ; it is self-luminous, emitting light and heat which
are transmitted certainly beyond the planet Neptune, and there-
fore more than 2700 millions of miles. Of the Sun’s heat, it
has been calculated that only sygydoooos part reaches usl so
what the whole amount of it must be it passes human compre-
hension to conceive: like many other things in science. Our
annual share would be sufficient to melt a layer of ice all over
the Earth 100 feet in thickness, or heat an ocean of fresh water
60 miles deep from 32° F. to 212° F., according to Herschel and
Pouillet m., Another calculation determines the - direct light of
the Sun to be equal to that of 5563 wax candles of moderate
size, supposed to be placed at a distance of one foot from the
observer. The light of the Moon being probably equal to that
of only one candle at a distance of 12 feet, it follows, according
to Wollaston, that the light of the Sun exceeds that of the Moon

1 Ganot, Physics, p. 331. Eng.ed. 1363.  water, the men, working in diving bells,
This was calenlated on the old value of at a distance of 30f below the surface,
the solar parallax. I have not altered it.  had their clothes burnt by coming under

m To show the great power of the the fucus of the convex lenses placed in
calorific rays of the sun, I may mention  the bell to let in the light. And houses
thatin constructing the Plymouth Break-  have been set on fire by the Sun’s rays.
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801,072 times. Zollner’s ratio is 618,000 te,1, and Bouguer’s
300,000 to 1. P .

When telescopically examined, there may frequently be seen
in the equatorial zomes of the Sun dark spots or macule®, each
surrounded by a fringe of a lighter shade, called a penumbrao, the
two not passing into each other by gradations of tints, but
abruptly. In the few cases in which a gradual shading has been

noticed, Sir J. Herschel
ascribed to an optical il-

believed that the circumstance may be

Fig. 2.

lusion, arising from im-
perfect definition on the
retina of the observer’s.
eye. It is not however
always the case that each
spot has a penumbra to
itself, several spots being
occasionally included in
one penumbra. And it
may further be remarked
that cases of an umbra
without a penumbra, and
the contrary, are on re-
cord, though these may

be termed exceptional,
and considered as closely

GENERAL TELESCOPIC APPEARANCE OF THE SUN.

relating to material physical changes just commencing or ter-

minating.

A marked contrast subsists in all cases between the

luminosity of the penumbra and that of the general surface of

the Sun contiguous.

» Lat. macula, a blemish. Dawes up-
held a further classification : he applied
to the ordinary black central portions
the term umbra (shadow), on the highly
probable ground that the blackness is
mainly relative. Patches of deeper black-
ness are occasionally noticed in the
umbre; Dawes limited to these the
designation nucleus, sometimes indiscri-
minately applied to all the blackish area.
This clagsification is adopted in the text.
Mr. Langley of the Allegheny observa-
tory however, viewing spots with the

Towards their exterior edge the penumbras
are usually darker than nearer the centre.

Penumbra are usually

13 inch Equatorial of that institution,
and a polarizing eye-piece (which admits
of the employment of the whole aperture),
sees that the umbral structure is quite
complex, and made up of sunken banks
of “filaments” (see post). He further
perceives that the nucleus which Dawes
speaks of as ‘“intensely black,” is not
black at all, nor even dark (save rela-
tively), but is brilliant with a violet-
purple light.  (Month. Not., vol. xxxiv.
p. 259. March 1874.)
© Pene almost, and umbra a shadow.
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very irregular in their outlines, but the umbrzw, especially in the
larger spots, are often of regular form (comparatively speaking,
of course), and the nuclei of the umbra still more noticeably
possess a compaetness of outline.

Spots are for the most part confined to a zone extending 35°
or so on each side of the solar equator, and are neither permanent
in their form nor stationary in their position, frequently appearing
and disappearing with great suddenness.

The multitude of facts concerning them, accumulated from the
journals of many observers extending over-long periods of years, is
so great as to bewilder one, and to marshal these in a suitable
manner is a task of extreme difficulty : and howsoever performed
it is certain that much will have been left out that might with
advantage have been inserted.

The general limits in latitude of the spots may be stated, as
above, at 35° but instances of spots seen beyond these limits are on
record. In 1871, B. Stewart saw one 43° distant from the solar
equator ; in 1858, Carrington one 44° 53"; in 1826, Capocei one
46°; in 1846, C. H. Peters one 50° 55 ; and La Hire, in the last
century, is said to have seen one in latitade 70°. They are
confined to two belts on either side of the Sun’s equator, being
rarely if ever seen directly under the equator, or nearer to it than
8° of north or south latitude : from 8° to 20° is their most frequent
range. They are always more numerous and of a greater general
size in the northern hemisphere; the zone between 11° and 15°
north is particularly noted for large and enduring spots. A gre-
garious tendency is very obvious, and where the groups are very
straggling, the longer line joining extreme ends will pretty
generally be found to be more or less parallel to the equator, and
not only so, but extending across nearly the whole of the visible
disc,

Sir John Herschel remarks — These circumstances . ... point
evidently to physical peculiarities in certain parts of the Sun’s
body more favourable than in others to the production of the spots,
on the one hand ; and on the other, to a general influence of its
rotation on its axis, as a determining cause in their distribution
and arrangement, and would appear indicative of a system of
movements in the fluids which constitute its luminous surface ;
bearing no remote analogy to our trade-winds — from whatever



Figs. 3-6. Plate 11.

1826: July 2. (Capocct.) 1826 : September 29. (Cupocei.)

1861 : May 23. (Birt.)

1861 : May 27. (4non.)

SPOTS ON THE SUN.,
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cause arising?.” In reference to the distribution in latitude of the
spots, the observations of Carrington have placed us in possession
of some important facts. That observer found that as the epoch
of minimum approached, the spots manifested a very distinet
tendency to advance towards the equatorial regions, deserting to
a great extent their previous haunts above the parallels of 20°
or so. After the minimum epoch had passed, a sudden and marked
change set in, the equatorial regions becoming almost deserted by
the spots, which on their reappearance showed themselves chiefly
in parallels higher than 20°. Wolf finds that the observations of
Biohm reveal the fact that the same peculiarity was noticed by
that observer in the years 1833-69 Whether this is a general
rule remains yet to be ascertained, but Sir John Herschel remarks
that if such be the case, ““it cannot but stand in immediate and
most important connexion with the periodicity itself, as well as
with the physical process in which the spots originate.”

The duration of individual spots is a matter associated with
extremes both ways. Some remain visible for several months,
others scarcely for as many minutes ; but a few days or weeks will
commonly be found the usual extent of permanency. Some are
formed and vanish during the period of a single transit (rather
more than 124d), others remain during several successive transits ;
for it will be readily understood that the Sun, being endued with
an axial rotation, and the spots being fixed (or nearly so) on the
Sun’s surface, it will not be possible for any one spot to remain in
sight continuously for longer than the semi-duration of the Sun’s
rotation.

With respect to the distribution of spots as regards longitude
there is little to be said, for it does not certainly appear that
they have a preference for any one longitude more than an-
other, Nevertheless Kirkwood believes that this statement
needs modification to this extent : that there is one particular
longitude on which planetary influences (see post) are specially
effective.

When observed for any length of time, a spot will first be
noticed on the Eastern limb, disappearing in little less than a

? Qutlines of Ast., p. 251.
4 Month. Not., vol. xix. p. 325. July 1859.
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fortnight on the Western limb ; after an interval of nearly another
fortnight, the spot, if still in existence, will reappear on the Eastern
side, and in like manner traverse the disc as before. This pheno-
menon necessarily can only be accounted for on the supposition
that the Sun rotates on its axis; and observations specially con-
ducted with that object in view will give the period of this
rotation, which Laugier fixed at 25! 8 10m; Carrington at 252
oh #m; and Spérer at 25 5 31— results fairly in accord with
Bianchini’s determination of 251 7% 48w, deduced in 1718, when
the difficulties attending the observations due to the ever-varying
forms and actual proper motions of the spots are taken into
consideration.

The entire period required by a spot to make a whole visual
rotation (279 7b) is greater than that of the Sun’s actual rotation,
owing to the Earth’s progressive movement in its orbit.

On February 19, 1800, Sir W. Herschel states that he was
watching a group, but that on looking away for a single moment,
it could not be found again®. The same observer followed a spot,
in 1779, for six months; and, in 1840 and 1841, Schwabe ob-
served one and the same group to return eighteen times, though
not consecutivelys. In July, August, and September 1859, a
large group was followed through several apparitions, and another
very noticeable instance of the kind occurred in the autumn of
1865. Similar cases are by no means very rare. It has been sur-
mised, and Sir J. Herschel thought ¢“with considerable apparent
probability,” that some spots at least are gemerated again and
again, at distant intervals of time, over the same identical points
of the Sun’s body. There does not appear to be much evidence
to bear out this hypothesist, and the fact now recognised, that
proper motion exists with some of them, is of course directly at
variance with it. The Rev. T. W. Webb says : —¢ Fritsch stated
that he saw one stand pearly still for three days; and Lowe that
he even witnessed retrogradation—but these assertions involve a
suspicion of mistake. Schroter and others have ascribed to them
a more moderate locomotion. This was micrometically established

r Phil. Trams., vol. xci. p. 293. 180t. changed his opinion. In a Memoirin the

s Ast. Nach., vol. xviii. No. 418. March  Quart. Jour. Sc., vol.i.p. 226, April 1864,
418, 1841.- - he says exactly the reverse.

¢ Sir John seems afterwards to have
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in a lateral direction by Challis in 1857; and Carrington has
subsequently made known his very interesting discovery, that there
appear to be currents in the photosphere, drifting the equatorial
spots forward in eomparison with those nearer to the poles, with
deviations in latitude of smaller amount : the neutral line as to both
these  drifts lying in about 15° of latitude. With these shifting
landmarks, it is not surprising that the San’s period of rotation is
still doubtful. Laugier’s value, 25 8h 10m, was formerly adopted,
but Carrington has given 244 23h 18m 235, Spirer 24k 14™m 505,
Perhaps, as Carrington suggests, the interior mass may revolve
with greater speed. Relative displacement in groups would be an
interesting study, requiring ‘neither micrometer nor clock, only
careful drawing. . . . Howlett and several others have found that
spots mear the limb require a different focus from those in the
centre ; arising, no doubt, as Dawes says, from the effect on the
retina of very different degrees of brightnessu.”

‘With respect to proper motion, Carrington found that most
spots have an independent proper motion of their own (hence un-
certainties in conclusions respecting the duration of the Sun’s
rotation), and net only so, but that the proper motions of spots
vary systematically with the latitudes of the spots.

The varying position of the Earth with reference to the Sun,
combined with the inclination of the axis of the latter to the
plane of the ecliptic (amounting to 82° 45" according to Car-
rington; to 83° 3 according to Spirerx), gives rise to the fact
that at ne two periods of the year do the spots appear to traverse
the Sun’s disc exactly in the same way. About June 5 and De-
cember 6 the Earth is in the line of nodes of the spots—or, in
other words, its longitude, as seen from the Sun, corresponds
nearly with the points of intersection of the selar equator and
the ecliptic—and the paths of the spots are then inclined straight
lines. In March the South pole is turned towards us, and the
tracks are concave towards the South; in September the condi-
tions are precisely reversed in every respect, the North pole is
turned towards us and the tracks are concave towards the North
at other intermediate periods (not being very near to June 5 or

u Celest. Objects, p. 33. (3rd ed.) - pole of the Sun's axis points nearly to =
x The longitude of the ascending node ~ Draconis, and the South one to @ Triau-
for 1850 was 73° 40'; so that the North  guli Australis.
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December 6) the paths are both inclined and curved at the same
time.

Fig. 7.

PATHES OF SUN SPOTS AT DIFFERENT TIMES OF THE YEAR.

If we represent the luminous surface of the Sun, when the Earth
is at its mean distance, by 1000, the numbers g67 and 1035 will
represent the same surface as it appears to us when the Earth is in
Aphelion (July) and in Perihelion (January) respectively.

Individual spots also possess many personal peculiarities. Dawes
observed one on January 17, 1852, which, by the 23rd of that
month, had rotated in its own plane through go° Birt believes
the same thing happened with a spot which he scrutinised in
February and March 1859Y. Schwabe has seen oceasionally spots
of a reddish-brown colour, under circumstances of contrast pre-
cluding the possibility of deception; on one occasion three tele-
scopes and several bystanders certified to this. In 1826, Capocei
perceived a violet haze issuing from each side of the bright central

v Month. Not., vol. xix. p. 182. March 1859.
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streak of a great double umbra; and during the eclipse of March
15, 1858, Secchi saw a rose-coloured promontory in a spot visible
to the naked eye. Schwabe describes the penumbre as made up
of a multitude of black dots, usually radiating in straight lines
from the umbra; Secchi, with greater optical power, defines these
radiations to be alternate streaks of the bright light of the pho-
.tosphere and dark veins converging to the umbraz.

Some of these spots are of prodigious size, and are therefore
visible to the naked eye. A few recent instances are here given.
A spot measured by Pastorff on May 24, 1828, was computed to
have an area about four times the entire surface of the Earth. In
June 1843, Schwabe observed one 2" 477, or 75,000 miles in dia-
meter. It was seen for an entire week without the aid of a tele-
scope. On March 15, 1858, the day of the celebrated eclipse,
a spot having a breadth from west to east of 4', or 106,000 miles,
attracted considerable attention. On September 30, in the same
year, one having a breadth from west to east of 5 21”7, or 142,000
miles, was observed®. On January 26, 1859, and during August
1859, large spots were seen ; one visible in the latter month
measured nearly 58,000 miles, according to Newall, who saw it
distinetly as a notch on the edge of the Sun’s dise, the like of
which he had only seen once before—namely, on March 25, 1850b.
During April and May 1870 several large spots, easy to be seen by
the naked eye, were visible. One of the most interesting large
spots ever subjected to careful scrutiny was that which was con-
spicuously visible in October 1865. Many elaborate observations
of it were made by astronomers, and a series of drawings by the
Rev. F. Howlett are well known. I here present drawings by
Mr. F. Brodie, exhibited at the Royal Astronomical Society ¢ but
not hitherto published, and which will be useful for comparison
with Mr. Howlett’s. He has furnished me with the following
revised transeript of his notes :—

z The preceding facts are given on the
.authority of Webb, Celest. Objects, p. 25.
He gives no references, so I am unable to
verify them.

a Ast. Nach.,vol. 1. No.1182. Feb. 25,
1859.
b Tetter in the Times, Aug. 27, 1859.
“An indentation on a globe will dis-
appear in profile unless its breadth and

depth are considerable: hence such ob-
servations would be rare, but they are
recorded by La Hire, 1703 ; Cassini,
1719 ; W. Herschel, 1800 ; Dollond and
others, 1846 ; Lowe, 1849 ; Newall, 1850,
1859; Observers at Kew and Dessau,
1868.”—Webb, Celest. Objects, p. 28 (n.).

¢ Month. Not., vol. xxvi. p. 21. Nov,
1865, -
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“QcTOBER 11, 1865.—The definition was fine enough to allow this spot to be
- examined with a power of 470 on an equatorial telescope of 8}in. aperture and
" 11} ft. long. The shape of the spot was tolerably rectangular, the umbra being
about 18,000 miles long and 9700 miles wide, or in measures of arc 41-3” long
and 223" wide, The penumbra 86-9” long and 735" wide. There was an exceed-
ingly long promontory of luminous matter projecting over the umbra from one end
of the spot, and running tolerably parallel to the side. Near the end of this promon-
tory was an elongated portion of detached luminous matter of similar shape to that of
the promontory itself, about 4000 miles long [see Plate ITI. Fig. 8]. This portion
had elongated itself in a remarkable manner in the previous 15 minutes, for when first
observed it was not more than about 3000 miles long. The long promontory seemed
drifting towards the penumbra, while the detached portion was moving rather away
from it, indicating a cyclonic action of the forces in operation.
¢ About 1} hours later I found that the detached portion of luminous matter had
formed a junction with the long promontory [see Plate III. Fig. 9]. That side of
the umbra opposite to this promontory was covered with a sort of ‘mackerel sky’
formation of misty luminous matter, which extended more or less marked over the
whole portion of the umbra. The black nucleus of the umbra first noticed by
Mr. W. R. Dawes, as generally to be seen in spots, was absent in this umbra. This
misty cloud-like appearance of the umbra can only be seen with large telescopes ; it
seems to be formed by the nodules of luminous matter that break off from the
pectinations which fringe the whole of the edge of the umbra; these soon after
become more and more diffused, until they become a sort of cloudy stratum floating
over the umbra. These nodules invariably drift from the edge of the penumbra towards
the centre of the umbra, which would seem to indicate a downward rush of gases from
the surface of the sun. On October 12th there were five of these nodules, that had
broken off from the ends of the small promontories or pectinations at the edge of the
penumbra and had begun to drift on to the umbra, while one had not quite broken
away, but was preparing to do so [see Fig. 14]. There was now also another change on
the umbra at the end of the long promontory; the misty cloud-like masses of luminous
matter began to form into bridge-like formations [see Plate III. Fig. 9]; but these
formations were not nearly so bright and defined as the long portion of the promontory :
there was also another shorter promontory formed on the opposite side to that of the
long one, or it might be termed an extreme lengthening of one of the pectinations.
The rapidity of change in all parts of the umbra was remarkable, the cloudy strata
seeming to condense and diffuse very similar to our earth clouds on a summer’s day.
“OctoBER 12.—The shape of the umbra was very greatly altered, and its size was
much increased [see Plate ITI. Fig. 10]. Its length was nearly 29,000 miles, with
a width in the greatest part of 10,400 miles, or 65:2” of arc long, and 236" wide,
the penumbra being 50,000 miles long and 34,000 broad. The long promontory
of yesterday had quite disappeared, and there was another formed at the opposite end
of the spot of a serpentine form ; this was observed at 9'30 A.M. Within an hour
another change took place, and at 10°30 this long serpentine promontory had broken
into two portions, the shorter end floating on the penumbra [see Fig. 11], At
12°30 P.M. the one end of that poriion that had broken off had bodily floated towards
the penumbra and formed a junction, as seen in Fig. 12. At 2°30 P.M. the spot was
again observed, and the portion originally broken off from the serpentine promontory
of the morning had formed a complete bridge across the umbra [see Fig. 13], while
the part from which it was broken had bent round, forming nearly a semicircle. The
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THE GREAT SUN-SPOT OF OCTOBER 1865.
(Drawn by Brodie.)
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outline of the spot did not seem to change perceptibly. The figure of the spot was
thrown by the telescope on to a board and sketched from its own image.

« QcToBER 13.—The shape of the spot slightly altered only, but the bridge across
had quite disappeared, while the semicircular promontory had formed a junction with
the penumbra.”

Fig, 14.

THE GREAT SUN-SPOT OF OCTOBER 1865. PECTINATED EDGE VISIBLE ON
OcCTOBER 12. (Brodie.)

Schwabe says that good eyes will detect without optical aid any
spots more than 50” in diameter, but this is doubtful. Probably
the minimum limit must be fixed in general at 1°.

“The origin of a spot, when it can be observed, is usually
traceable to some of those minute pores or dots which stipple the
Sun’s surface, and which begin to increase, to assume an wmbral
blackness, and acquire a visible and, at first, very irregular and
changeable shape. It is not till it has attained some measurable
size that a penumbra begins to be formed—a circumstance strongly
favouring the origination of the spot in a disturbance from be-
low, upward ; vice versd, as the spots decay they become bridged
across, the umbre divide, diminish in size, and close up, leaving
the penumbrz, which, by degrees, also contract and disappear. The
evanescence of a spot is usually more gradual than its formation.
According to Professor Peters and Mr. Carrington, neighbouring
groups of spots show a tendency to recede from one anotherd.”

The most indifferent observer can hardly fail to be struck with

4 Sir J. Herschel, in Quart. Journ. Se., vol. i. p. 225:  April 1864.
c
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the rapidity of the changes which take place in solar spots.
Dr. Wollaston says:— ““Once I saw, with a 12-inch reflector, a
spot burst to pieces while I was looking at it. I could not
expect such an event, and therefore cannot be certain of the
exact particulars; but the appearance, as it struck me at the
time, was like that of a piece of ice when dashed on a frozen
pond, which breaks in pieces, and slides on the surface in various
directions. I was then a very young astronomer, but I think I
may be sure of the fact.” Their immense number is likewise
very noticeable. On April 26, 1846, Schmidt of Bonn counted
upwards of 200 single spots and points in one of the large groups
then visible, and 180 in another cluster, in August 1845. On
August 23, 1861, I counted 70 distinet spots with a telescope of
only 3 inches’ aperture charged with a power of 21. Schwabe
finds that the Western members of a group disappear first, and
that at the Eastern end fresh ones are apt to form, where also
the junior members are most numerous; that the small points
are usually arranged in pairs (much after the appearance of the
¢ dumb-bell ” nebula); and that, when near the edge of the Sun,
the penumbre are much brighter on the side next the limb.
Sir J. Herschel has often noted the penumbra to be least defined
on the preceding side; and Capocci found the principal spot of
a group usually the leader. The same observer believed the umbrz
to be better defined in their increase than in their decrease. . The
leader is usually the most black, symmetrical, and enduring of the
group, according to Chacornac.

Attention has now to be directed to one of the most curious
and interesting discoveries of modern astronomy—the periodicity
of the solar spots. Schwabe, of Dessau, the hero of this, shall be
introduced to the reader in the words of the late Mr. M. J. John-
son, when, as President of the Royal Astronomical Society, he spoke
on the award to him of the Society’s Gold Medal in 1857 :—

¢ What the Council wish most emphatically to express is their admiration of the
indomitable zeal and untiring energy which he has displayed in bringing that
research to a successful issue. Twelve years, as I have said, he spent to satisfy
himself; six more years to satisfy, and still thirteen more to convince, mankind. For
thirty years never has the Sun exhibited his disc above the horizon of Dessau without
being confronted by Schwabe’s imperturbable telescope, and that appears to have
happened, on an average, about 300 days a year. So, supposing that he observed
but once a day, he has made gooo observations, in the course of which he discovered
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4700 groups. This is, I believe, an instance of devoted persistence (if the word were
not equivocal, I should say pertinacity) unsurpassed in the annals of astronomy-
The energy of one man has revealed a phenomenon that had eluded even the sus-
picion of astronomers for 200 yearse,”

TABLE OF SCHWABE’S RESULTST.

l%eap (}iurr}al
Days of Days of no b e
Year. Obselyvation. gpots. New Groups. ?ﬁgli?:gg;g
Needle.
”
1826 277 22 18 9-75
1827 273 2 161 11-33
1828 282 o 225 11-38
1829 244 ° 199 14-74
1830 217 1 190 12:13
1831 239 3 149 12-22
1832 270 49 84 o
1833 <247 139 33 ob
1834 273 120 51 .
1835 244 18 173 9:57
1836 200 (-] 272 12:34
1837 168 o 333 12-27
1838 202 [¢] 282 12-74
1839 205 o 162 11-03
1840 263 3 152 991
1841 283 15 102 7-82
1842 307 64 68 .08
1843 312 149 34 7.15
1844 321 11T 52 6.61
1845 332 29 114 8.13
1846 314 1 157 8.81
1847 276 o 257 9:55
1848 248 o 330 11.15
1849 285 o 238 10.64
1850 308 2 186 10.44
1851 308 o 151 8.32
1852 337 2 125 8.09
1853 299 3 91 7-09
1854 334 65 67 6.81
1855 313 146 79 6.41
1856 321 193 34 5:98
1857 324 52 98 6.95
1858 335 o 188 7-41
1859 343 o 205 10:37
1860 332 o 211 10.05
1861 322 o 204 917
1862 31y 3 160 859
1863 330 2 124 8.84
1864 325 4 130 8.02
1865 307 25 93 8.14
1866 349 76 45 7:63
1867 312 195 25 7:09
1868 301 23 101 815
® Month. Not., vol. xvii. p. 129. Feb. f Month. Not., vol. xvi. p. 63. Jan.
1857. 1856. Continued to 1868.

C 2
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Schwabe’s observations, as published, end with 1868. The
thread is not however absolutely broken, for Wolf had previously
started a series of his own, a table of which, as prepared by
himself for this work, at my request, is subjoined :—

Mean diurnal variation in Mag-|
Days of Days of no Relative netic Declination at Prague.
Year. Observation. pots. Number.
T Observed. Calculated.

1849 313 o 959 10-27 10-21
1850 325 7 66-5 9-97 8.88
1851 311 o 645 832 8.79
1853 322 4 54-2 8.09 8:33
1853 332 6 390 7:09 7-04
1854 348 67 20.6 681 6-82
1855 352 223 6.7 6-41 6.19
1856 356 256 43 598 6.08
1857 363 70 22.8 6:95 6-92
1853 335 2 548 7:41 8:36
1859 334 [ 93-8 10°37 1011
1860 363 o 957 1005 10-20
1861 364 2 772 917 9-:36
1862 1359 4 591 8:59 8:55
1863 361 2 440 8.84 7-87
1864 352 7 469 8.02 8-00
1865 361 42 305 7-80 7-26
1866 363 85 16.3 663 662
1867 360 219 73 6-47 6:22
1868 351 37 373 7-27 7'57
1869 341 2 739 944 9-32
1870 354 o 1391 1147 12:15
1871 363 o 111-2 11-60 10-89
1872 365 o 1017 10-70 10-47
1873 363 14 66-3 905 8.87
1874 363 12 446 7:98 7:90

The gist of this discovery may be given in a few words :—the
spots are subject to a periodical variation in prevalence, to the
amount of about 1ovears; during this time their numbers follow
a cycle which has a maximum and a minimum. At epochs of
minima, on many days absolutely no spots are to be seen, as was
the case in 1856. It has been hinted that at epochs of maxima,
spots are more permanent in character, that is, can be more often
watched through several rotations than is the case at epochs of
minima ; but the idea needs confirmation.

A remarkable discovery has grown out of Schwabe’s; namely,
that the diurnal variation in the declination of the magnetic
needle is characterised by a 10-¥ear period, and (this is the singular
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circumstance) that the epoch of maximum variation corresponds with
the epoch of the maximum prevalence of sun-spots, and vice versd,
minimum with minimum. Lamont of Munich announced, about
1850, the fact of the period, and General Sabine, in March 18528,
the fact of the coincidence; Gautier and Wolf making the same
deduction independently of Sabine and of each other.

Two other curious discoveries have made been in close connee-
tion with the foregoing, and it is now accepted that aurorz and
magnetic earth currents (currents of electricity which frequently
travel below the surface of our globe, and interfere with tele-
graphic operations) likewise have a 10-vear period, and that their
maxima and minima are contemporaneous with those of the two
phenomena dealt with above; “so that,” in the words of Balfour
Stewart, ““a bond of union exists between these four phenomena.
The question next arises, What is the nature of this bond? Now,
with respect to that which connects Sun-spots with magnetic
disturbances, we can as yet form no conjecture; but we may,
perhaps, venture an opinion regarding the nature of that which
connects together magnetic disturbances, aurore, and earth-cur-
rentsh,” The reality of the coincidences just adverted to will be
best understood by an examination of the accompanying engraving
of curves, which I copy from Loomis, who has investigated with
great care the historical evidence available for drawing trust-
worthy conclusions in respect of these matters. Loomis points out
that the discrepancies in the coincidences of critical periods in the
three phenomena of Sun-spots, magnetic declination, and aurore
are both few and insignificant. His memoir will well repay
attentive perusal i.

Much more might be said on these matters, but a fuller elucida-
tion of them would lead us into non-astronomical fields.

I may here advert to a remarkable phenomenon seen on Sep-
tember 1, 1859, by two English observers whilst engaged in
scrutinising the Sun. A very fine group of spots was visible at
the time, and suddenly, at 11® 18m am. two patches of in-
tensely bright white light were seen to break out in front of the
spots. They were at first thought to be due to a fracture of the

& Phil. Trans., vol. cxlii. p. 103. 1852. i Silliman’s Journal, vol. v. (3rd s.)
b Proceedings of the Royal Inst., vol.1iv.  p.245. April1873; vol. 50. (2nd 8.) p. 153.
p 58. 1863. Sept. 1870.
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screen attached to the object-glass of the telescope, but such was not
the case. The patches of light were evidently connected with the
Sun itself; they -remained visible for about 5, during which
time they traversed a space of about 33,700 miles. The brilliancy
of the light was dazzling in the extreme; but the most note-
worthy circumstance was the marked disturbance which (as was
afterwards found) took place in the magnetic instruments at the
Kew Observatory simultaneously with the appearance in question,
followed in about 16t by a great magnetic stormk, during which
telegraphic communication was impeded, some telegraph offices
were set on fire, and aurore appeared. A storm on the Sun not
altogether unlike this, it would seem, was observed on September 4,
1871, in America by Professor C. A. Young. A prominence (or
uprush of gas) which he was examining with a spectroscope suddenly
burst into fragments with great violence. He calculated that the
velocity of ascent was as much as 166 miles per second. A portion
of the fragments of matter reached 200,000 miles from the Sun’s
surfacel. An aurora occurred in the evening.

Wolf has tabulated all the observations of spots which he could col-
lect. These date from 1611, but do not assume reasonable regularity
till 1749. His deductions are in accord with Schwabe’s, except
that he prefers a period of ri°11%%% and he considers himself
warranted in asserting this law :— Greater activity in the Sun
goes with shorter periods, and less with longer periods;” and
further, that there are grounds for the opinion that solar spots
and variable stars are due to similar agencies.

Generally speaking, there appears a tendency with maxima
to anticipate the middle time between the consecutive minima, the
interval 11°117 being divided into two unequal sub-intervals of
477% and 6-349, or, as Sir John Herschel puts it, the maximum
appears to fall about the 5th year of the period comprised between
2 minima™, Observations of various kinds discussed by De La
Rue, Stewart, and Lowy confirm this inequality of interval, but
make the sub-intervals 37y and 747, or 1 to 2. As respects the
law of increase and decrease in given spot-periods their conclusion

¥ Carrington and Hodgson, Month. Not, November, 1864.
vol. xx. pp. 13-16. Nov. 1859. See 1 Nature, vol. iv. p. 488. Oct. 19,
also an account of a similar phenome- 1871.
non noted by Brodie, in vol. xxv. p. 2I. m Qutlines of Ast., p. 253.



24 The Sun and Planets. [Book I.

differs in an important respect from that of Professor Wolf. He
appears to consider that when the spot frequency has descended
rapidly or slowly from a maximum value to the next minimum, it
ascends with corresponding (relative) rapidity or slowness to the
next maximum. De La Rue and his associates prefer to put it
that when the spot frequency has passed rapidly or slowly from
a minimum to the next maximum, it descends with correspond-
ing (relative) rapidity or slowness to the next minimum».

Besides the 11°119-period Wolf finds another period five times as
long, and a third period three times the length of the second; in
other words, that the activity of the Sun goes through a further
series of changes every 55%¥ and 166v. He fancies that in adjacent
or nearly adjacent 11v-periods of unequal length, a greater activity
during the shorter tends to compensate, in the total number of spots
produced, for a less energy in the longer. The earlier observations
are necessarily very imperfect o.

The 11°11v-period is now considered preferable to the 10V one;
even Schwabe assents to it, and Hansteen has, in Challis’s opinion,
established it for the magnetic declination.

The examination by Fritsch of a numerous assemblage of auroral
observations enabled him to extend to them also the 56v-period, as
preferable to the 65v-period proposed by Olmsted without any
reference to the solar spots.

Another supposed coincidence has now to be adverted to. By
carefully examining Schwabe’s observations, Wolf thinks that he
has detected the existence of minor periods of spot-prevalence,
depending in some way on the Earth, Venus, Jupiter, and Saturn v,
“Thus he finds a perceptibly greater degree of apparent activity
to prevail annually on the average of months of September to
January than in the other months of the year; and again, by pro-
jecting all the results in a continuous curve, he finds in it a series
of small undulations succeeding each other at an average interval of
7'65 months, or 0'637Y. Now the periodic time of Venus (255%)
reduced to the fraction of the year is 0'616, a coincidence certainly
near enough to warrant some considerable suspicion of a physical

n Month. Not., vol. xxxii. p. 177. Feb.  Not., vol. xxi. p. 77. Jan. 1861,

1872. P Month. Not., vol. xix. p. 86, Jan.
° Mem. Soc. Phil. de Berne. 1852. The  1859.

Table for 1749-1860 is given in Month.
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connexiona,” It is proper to state that Wolf does not appear to
have made any use of Schwabe’s observations taken subsequent
to 1848,

B. Stewart concurs in the opinion that Planetary influences on the
Sun can be traced, and he thinks that Jupiter and Mercury, as well
as Venus, are concerned. The general result as to Venus is that
spots have a tendency to break out at that portion of the Sun
which is nearest to Venus. ¢“As the Sun rotates carrying the
newly-born spot farther away from this planet, the spot grows
larger, attaining its maximum at the point farthest from Venus,
and decreasing again on its approaching this planet.”

Doubts must be deemed to attach to the influence assigned to
Jupiter and Saturn. As Jupiter’s period (i1°8Y) is nearly identical
with the Sun-spot period, it has even been suggested that the
prevalence of Sun-spots depends mainly on influence exerted by
Jupiter in different parts of its orbit, in perthelion or aphelion, as
the case may be, but the notion seems open to question for several
reasons.

Schwabe is disposed to find a connection between Sun-spots and
meteoric showers. There is something of a coincidence between
three Sun-spot periods and one shower period, but it is probably
accidental s,

Sir W. Herschel, considering that the prevalence of numerous
spots on the Sun’s disc was an indication that probably violent
chemical action (with the extrication of an unusual amount of light
and heat) was going on, was led to think that years of abundant
spots would also be noted for high temperatures and good harvests,
and years of few spots for low temperatures and bad harvestst.
~ Wolf, from an examination of the chronicles of Zurich from rooo
to 1800 A.p., finds decisive evidence ‘‘ that years rich in solar
spots are in general drier and more fruitful than those of an
opposite character, while the latter are wetter and stormier than
the former v.” Gautier, from a discussion of 62 sets of observations,
extending over 119, and taken at various places in Europe and
America, has arrived at exactly the opposite conclusion*. A note

4 Sir J. Herschel, Quart. Journ. Se., t Phil. Trans., vol. xci. p. 316. 1fo01,
vol. i, p. 228. April 1864. u Mitthetlungen, No. 10,
r Mittheilungen, No. 10. x Bibl. Univ. de Genéve, vol. li. p. 56.

8 Month. Not., vol. xxvii. p. 286, June  1844.
1867.
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of Arago’s is highly appropriate here : “ In these matters we must
be careful not to generalise until we have amassed a large number
of observations.”

The general question of the influence of the Sun on the meteoro-
logy of the Earth is a large and complex one, and it has therefore
received very little attention. I propose now to state what is at
present known on this subject, though this will scarcely serve any
more definite purpose than that of awakening a desire for further
inquiry.

Some relationship certainly seems to subsist between solar spots
and terrestrial cloudiness and rainfall. Baxendell considers that
diversities of solar activity are to be regarded as causing changes
in the magnetic condition of the Earth, and so producing changes
in the directions and velocities of the great currents of the
atmosphere and in the distribution of barometric pressure, tem-
perature, and rainfall. ¢ The future progress of meteorology must
depend to a much greater extent than has been generally supposed,
upon the knowledge we may obtain of the nature and extent of
the changes which are constantly taking place on the surface of
the sun?.”

M. Poey, from an elaborate catalogue of tropical storms, going
back as far as 1750, finds evidence of 12 eycles of storms indicated
by 12 epochs of frequent and severe storms: 10 of these epochs of
maximum atmospheric disturbance corresponded to maxima of Sun
spots. 'With respect to epochs of minima the coincidences are
less noticeable ; for in TI storm minima only 5 coincidences with
Sun-spot minima are to be traced. @M. PSey notes that years
marked by storm maxima generally follow by one or two years
the years of Sun-spot maxima z.

A Canadian observer, Mr. A. Elvins, affirms that years in which
maxima and minima of Sun-spots occur, are distinguished by
general cloudiness, intermediate years being apparently much more
free from clouds. He further states that records of the height
of the water in Lake Ontario kept for 18 years, indicate that a
relation subsists between the changes in the Sun’s surface and the

v See the statistics on which this is  p. 249. Feb. 1873.
based in Proc. Lit. and Phil. Soc. of = Comptes rendus, vol. lxxvii. p. 1236.
Manchester, vol. xi. p. 111. They are 1873.
summarised in Month. Not., vol. xxxiii.
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height of the water in the Lake. This latter element is to be
viewed of course as indicative of the amount of precipitation that
has taken place. Mr. Elvins’s general conclusions are that years of
maxima and minima of Sun-spots are years of small rainfall and
low temperature. He considers, however, that the year imme-
diately preceding a maximum or minimum is usually a specially
wet year. If future observations should confirm these ideas, it
will (among other things) follow that the rainfall curve is more
abrupt than the Sun-spot curve. As regards there being a cycle
for storms, Elvins confirms Péey 2.

Some recent investigations by an American meteorologist named
Brocklesby, of observations extending over 60 years, have led him
to consider that in 3 cases out of 5, years of maximum spot energy
are years of excess of rainfall ; years of minimum spot energy to the
number of 5 being, on the other hand, years noticeable in every
case for deficiency of rainfall. He considers that his inquiries
justify the general deduction that ¢ the rainfall tends to rise above
the mean when the Sun-spot area is in excess, and to fall below
when there is a deficiency of solar activityb.”

Professor C. P. Smyth is amongst those who have paid much
attention to the subject of Sun-spot cycles and terrestrial tempera-
tures. He considers that a great wave of heat passes over the
Earth ¢ every 11 years and a fraction, and nearly coincidentally with
the beginning of the increase of each Sun-spot cycle of the same
11-year duration. The last observed occurrences of such heat-wave
(which is very short-lived, and of a totally different shape from the
Sun-spot curve), were in 18348, 18464, 18578, 1868:8, whence,
allowing for the greater uncertainty in the earlier observation, we
may expect the next occurrence of the phenomenon in or about
1880.0.” Somewhat less pronounced than the foregoing is
the extreme cold close on either side of the great heat-wave. Pro-
fessor Smyth, writing in February, 1872, said, *“ We may perhaps
be justified in concluding that the minimum temperature of the
present cold wave was reached in 1871°1, and that the next similar
cold wave will occur in 1878:8.” Finally, between the dates of
these 2 cold-waves there are 3 “moderate” and nearly equi-distant

2 Ast. Register, vol. x. pp. 171, 221, b Silliman’s Jowrnal, vol. viii. (3rd s.)
and 265. 1872. p- 447. Dec. 1874.



28 The Sun and Planets. [Book 1.

heat-waves, with their 2 intervening and “wvery moderate” cold-
waves®. :

Stoned, making use of observations at the Cape of Good Hope,
extending over 30 years, and Abbee, of observations at Munich,
extending over 6o years, both trace a connection between the Sun-
spot period and terrestrial temperatures. Stone’s conclusion, based
upon a comparison of curves, is thus expressed by himself:—
“T cannot but believe that the same cause which leads to an excess
of mean annual temperature leads equally to a dissipation of solar
spots.” Abbe’s conclusion is that there is “a decrease in the
amount of heat received from the Sun during the prevalence of
the spots.” Observations at Oxford (1864-70) show that the
mean azimuthal direction of the wind there varied year by year
through a range of 58° on the whole, between maximum and
minimum of Sun-spots, the tendency of the wind to a westward
direction increasing with the increase of the spots.

The only other observation which it appears necessary to cite
here is by Ballot of Utrecht. He thinks he has established (by
means of thermometric observations made at Haarlem, Zwanenbourg,
and Dantzic, during a great number of years) the fact that at each
period of 2774 (that of the Sun’s visual axial rotation) there is in
these localities a small elevation of temperature, and a depression
at the intermediate epochs.

Respecting the physical nature of the spots much uncertainty
exists. Up to a comparatively recent period the generally received
opinion, however, was that first enunciated by Professor Wilson of
Glasgow in 1779, as modified by Sir W. Herschel—namely, that
the Sun is surrounded by two atmospheres, of which the upper
one is luminous (thence usually termed, after Schroter, the photo-
sphere), and the under one, nearest to the Sun’s surface, is non-
luminous, and that the spots are rents or apertures in these
atmospheres through which we see the solid body of the Sun,
otherwise known to us as the “nucleus” of the spots. This idea
is supported by the fact that, when near either limb, the spots
are narrower (fore-shortened) than when seen directly in the
centre of the dise. The lower stratum is assumed to receive some
illumination from the photosphere, and thus to appear penumbral ;

¢ Nature, vol. v. p. 317. Feb. 22, 1872. e Silliman’s Journal, vol. 50. (2nd s.)
4 Proc. Boy. Soc., vol. xix. p. 391. 1871.  p. 345. Nov. 1870.
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to occupy, in the matter of luminosity, a medium position be-
tween the photosphere reflecting much light, and the solid matter
reflecting Zittle, or, perkaps, none at all. The temporary removal

Fig. 16.
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CHANGE OoF ForM IN SPOTS OWING TO THE SUN’S ROTATION.

of both the strata, but more of the upper than of the lower, he
conceived to be effected by powerful upward atmospheric currents,
the origin of which is unknown. All, however, that now appears
certain is that the nucleus of a spot is lower than the penumbra,
and that both are beneath the level of the Solar photosphere.
Detached masses of luminous matter are seen actually to cross a
spot without producing any alteration in it. It would seem also
that the gases in the space occupied by a spot are at an appreciably
lower temperature than those in the brighter parts of the Sun,—but
this at present represents practically the sum of our actual know-
ledge. That movements of a eyclonic character sometimes occur on
the Sun, is sufficiently shown by a well-known drawing made by
Secchi on May 5, 1857, of a spot in which a spiral motion is
perfectly obvious. Above these atmospheres it is strongly believed
that a thin and gaseous envelope exists, more nearly akin to what
we understand by the word “atmosphere” as applied to the en-
velope which surrounds the Earth; and this supposition finds
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confirmation in the fact that the margin of the Sun’s disc is in
general less luminous than the centre—a very obvious result
on this hypothesis.

As regards the luminosity of the Sun’s disc at the edge and at
the centre, Laplace gives the ratio at 30 to 48 ; Arago at 40 to 41.
The latter figures very greatly underrate the inequality. Secchi,
taking the centre at 1, says that the margin is only 3rd or }th
as bright. He adds that he has found himself impeded in his in-
vestigations by a ruddiness in the light near the limb. Vogel, the
most recent, and, it may be added, the most methodical investigator
of this subject, obtained by a photographic expedient the following
results; taking the Sun’s radius at 12 and the brightness at the
centre at 100, the brightness was found to lessen thus :(—

Centre = 100.
4 = 96
8 = 77
10 =5 L5
Edge = 13.

Representing the general brightness of the Sun’s dise by 1000,
according to Sir W. Herschel that of the penumbrz is 469 and of
the nuclei only 7.

The chemical rays given out by different parts of the surface
of the Sun also appear to be of unequal power, but, unlike the rays
of light, they do not vary regularly from centre to edge.

As regards the rays of heat, these likewise are radiated more
from the centre than from the edges. The Polar regions, too, are
colder than the Equatorial, and Secchi has shewn that the heat
radiated from the spots is less than that from the disc generally.
Sir J. Herschel believes one hemisphere to be hotter than the other.
That the luminous envelope of the Sun is an ineandescent gas,
Arago’s Polariscope experiment is held to proves. Sir John
Herschel has shewn that Arago’s experiments were by no means
conclusive, but spectroscopic observations have brought this matter
more directly before us.

Schwabe’s observations seem to indicate that at epochs of mini-
mum spot-display the Sun’s surface is more uniformly bright than
at other times; that is to say, that there is less absorption or

e See his Pop. Ast., vol. i. p. 419.
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enfeeblement of the Solar light towards the margin of the Sun’s
disc than usually is the case.

Spots on the Sun seem to have been discovered by J. Fabricius®
and Galileo, independently, early in 1611, and by Harriot, also
independently, in December of the same year. It will readily be
understood that the observation of them was one of the first dis-
coveries resulting from the invention of the telescope, though as
spots large enough to be visible to the naked eye are often visible,
they were occasionally seen before that event. Adelmus, a Bene-
dictine monk, makes mention of a black spot on the Sun on March
17, 8071, It is also stated that a similar spot was seen by a
Spanish Moor named Averroés, in the year 1161k, An instance of
a solar spot is recorded by Hakluyt. He says, that in December
1590, the good ship “Richard of Arundell” was on a voyage to
the coast of Guinea, and that her log states that “on the 7 at the
going downe of the sunne, we saw a great blacke spot in the
sunne, and the 8 day, both at rising and setting, we saw the like,
which spot to our seeming was about the bignesse of a shilling,
being in 5 degrees of latitude, and still there came a great billow
out of the southerboard'.” The spot was also observed on the
16th.

The natural purity of the Sun seems to have been an article of
faith with the ancients, on no account to be called in question ;
so that we find that when Scheiner (who was a Jesuit at Ingolstadt)
reported to his Superior what he had seen, the idea was treated
as a delusion. “I have read,” replied the Superior, “ Aristotle’s
writings from end to end many times, and I can assure you that
I have nowhere found anything in them similar to what you
mention. Go, my son, tranquillize yourself; be assured that
what you take for spots in the Sun are the fault of the glasses or
of your own eyes.” Scheiner in the end, though permitted to
publish his opinionsm, was obliged to do so anonymously, so great

b An interesting account of Fabricius’s
first observations of a spot on the Sun
will be found in Guillemin’s Sun, p. 127,
Eng. Ed.

i Bede; Polydore Virgil.

k Commentary on the Almagest, quoted
by Copernicus, De Revol. Orb. Cel., lib. x.

L The Principal Nawigations, Voiages,
Trafiques, and Discoueries of the English

Nation, d&e., vol.ii. p.131. London, 1599.

m Rosa Ursina, &¢c. Alluding to this
enormous book, Delambre says: “There
are few books so diffuse and so void of
facts. It contains 784 pages; there is
not matter in it for 50 pages.”—Hist.
Ast. Mod., vol. i. p. 6go. Either printing
must have been cheap or authors rich in
those days.
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were the difficulties with which he had to contend as a member of
the Church of Rome.

In addition to spots, streaks of light may frequently be re-
marked upon the surface of the Sun towards the equatorial margin
of the disc. These are termed fuculz®, and are generally found
near spots (just outside the penumbre) or where spots have pre-
viously existed or are afterwards about to
appear ; when near the limb of the Sun
they are more or less parallel to it. They
are of irregular form, and may be likened
somewhat to certain kinds of coral, and
are more luminous than the solar surface
surrounding them. Secchi considers that
they are not brighter than the centre of
the Sun. They are elevations or ridges
in the photosphere, as is proved by Dawes

IpEaL ViEw oF THE FACULAR having seen one project above the limb in

STRUCTURE OF THE SUN. 4, 1ming the (apparent) corner into the in-
visible hemispherer. Sir W. Herschel saw a facula on December
2%, 1799, 2’ 46" or 72,000 miles long 4. They are first alluded to
by Galileo in his third letter to Welserr.

Brayley has suggested that facule and red prominences are
manifestations of the same phenomenon, seen in the former case in
front of and in the latter outside the Sun’s disc. It has been ob-
jected that facule are never seen except in the vicinity of the Sun’s
equator, but the reply is that for some unknown reason a polar
position may interfere with their visibility for a front view.

The surface of the Sun is frequently found to be covered with
irregular specks of light, presenting a mottled appearance not
unlike that of the skin of an orange, but relatively much less
coarse. This phenomenon prevails most in the regions to which
the spots belong, but its cause is unknown. Short, the optician,
seems to have first noticed it during the eclipse of July 14,
1748 (0.s.). The term Juculi® has been applied to the constituent
specks. i

Fig. 17.

o Latin facula, a torch. r Jstoria e Dimostrazioni intorno alle
» Month. Not.,, vol. xx. p. 6. Dec.  Macchie Solari, p. 131. Rome, 1613.
59. s Latin Jucus, a shining.
a Phtl. Trans., vol. xci. p. 293. 18o1.
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Schwabe finds that facule and luculi are usually absent at epochs
of spot minima .

Of late years the Sun has received an unusual amount of
attention from astronomers, and a variety of interesting facts
have been brought to light concerning its physical appearance.
In 1860 Mr. Nasmyth with his great reflector (alluded to in a
later place) ascertained, it would seem for the first time, that
the Sun’s surface is covered with a tolerably compact agglomera-
tion of entities, which he likened to willow leaves; that is to say,

SpoT oN THE SUN, JULY 29, 1860, SHEWING THE *“ WILLOW-LEAF”
STRUCTURE. (Nasmyth.)

they presented to his eye an appearance similar to that which
a rather thin but flattened layer of willow leaves might be ex-
pected to exhihit.

As an acrimonious controversy arose in regard to this alleged
discovery, it may be fair to lay before the reader Mr. Nasmyth’s
own statement on the subject.

¢ Month. Not., vol. xxvii, p. 286. June 1867,
D



34 The Sun and Planets. [Booxk I

In order to obtain a satisfactory view of these remarkable objects, it is not only
requisite to employ a telescope of very considerable power and perfection of defining
capability, but also to make the observation at a time when the atmosphere is nearly
quite tranquil, and free from those vibrations which so frequently interpose most
provoking interruptions to the efforts of the observer; without such conditions as I
allude to, it is hopeless to catch even a glimpse of these remarkable and delicate
details of the solar surface.

* * * * K * * * * * * *

“The filaments in question are seen, and appear well defined, at the edges of the
luminous surface, where it overhangs ‘the penumbra,’ as also in the details of the
penumbra itself, and most especially are they seen clearly defined in the details of
‘ the bridges,” as I term those bright streaks which are so frequently seen stretching
across from side to side over the dark part of the spot. So far as I have as yet had
an opportunity of estimating their actual magnitude, their average length appears to
be about 1000 miles, the width about 100.

“There appears no definite or symmetrical arrangement in the manner in which
they are scattered over the surface of the Sun; they appear to be across each other
in all possible variety of directions. The thickness of the layer does not appear to be
very deep, as I can see down through the interstices which are left here and there
between them, and through which the dark or penumbral stratum is rendered visible.
It is the occurrence of the infinite number of these interstices, and the consequent
visibility of a corresponding portion of the dark or penumbral stratum, that gives to
the general solar surface that peculiar and well-known mottled appearance which has
for a long time been familiar to the observers of the Sun:

“When a solar spot is mending up, as was the case with the one represented,
these luminous filaments or willow-leaf-shaped objects (as T term them) are seen to
pass from the edges and extend across the spots, thus forming the bridges,’ or
bright streaks across the spots; if these are carefully observed under favourable
conditions, the actual form of these remarkable details, of which ‘the bridges’ are
composed, will be revealed to sight.

¢ Subsequent observations and considerations of the subject have not caused me
to desire to modify or alter the description in the letter above referred to*; but only
to confirm me in its general correctness. I have no desire to embark in any
controversy on the subject, as I prefer to leave to the Sun itself, when carefully
observed by adequate means and on favourable occasions, the complete confirmation
of what I claim to be the first to discover, delineate, and accurately describe in
reference to the structure of his entire luminous surface, as well as the precise form
of the structural details, which, from their general similitude in respect to form, I at
once compared with willow leaves *.”

Mr. Nasmyth’s views were much canvassed. Several eminent
observers of unquestioned good faith, and possessed of first-class
instruments and great experience, declared the alleged conforma-
tion of the solar surface a myth, whilst others, equally entitled to

v Month. Not., vol. xxiv. p. 66. Jan. from a letter reproduced by Nasmyth
1864. himself, with.a brief supplementary note
x The preceding paragraphs are taken  appended.
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be heard with respect, avouched their belief in the reality of the
discovery. I believe it to be an impartial summing up of the
whole case pro and con to say that there is a very general agree-
ment that innumerable detached (?) masses of unknown nature are
scattered over the Sun’s surface, and that whether ¢ willow leaves,”
“rice grains,” “granulations,” or ¢shingle beach,” be employed
to designate them, is rather a matter of taste than evidence of

Fig. 19.

SPOT ON THE SUN, JANUARY 20, 1865. (Secchi.)

substantial variance. Further, that in the main they do partake
of an elliptic outline, and that the average ratio of the axes,
whether it be 10 to 1, as Nasmyth first had it, or 4, 3, or 2 to 1,
as other observers have since stated it, is, after all, the main point
concerning which issue is joined, and even here apparent dis-
crepancies might be ascribable to actual physical change in the
bodies themselves,

A valuable synopsis of the question was presented to the Royal

D2
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Astronomical Society in 1866 by Hugginsy. The following is a
brief summary of its contents :— -

1. Granule is the best word to describe the luminous particles
on the Sun’s surface, as no positive form is thereby implied.

2. The granules are seen all over the Sup, including (occasion-
ally) the surfaces of umbre and penumbre. More rarely they can

be detected in facule.
Fig. 20,

IpEAL VIEW OF THE “ GRANULAR ” STRUCTURE OF THE SUN., (Huggins.)

3. With low powers “rice grains” is a very suitable expression
for these granules, but the regularity implied in this designation
disappears to a great extent under high magnifiers. There is how-
ever, undoubtedly, a general tendency to an oval contour.

4. The average size of the more compact granules is 1”, of those

¥ Month. Not., vol. xxvi. p. 260. May 1866,
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more elongated 13”7, a few might be 3”, many less than 1”. They
appear to be not flat discs but bodies of considerable thickness.

5. The granules are sometimes packed together rather closely in
groups of irregular and straggling outline; at other times they
are sparsely scattered. The well-known “ mottling ” arises wholly
from the latter species of combination.

6. The Sun’s surface is by no means uniformly level. The whole
photosphere appears corrugated into irregular ridges and vales,
and the granules are possibly masses of rather dense cloud-like
matter floating about in the photosphere, considered as composed
of more aériform matter. If the granules really are incandescent
clouds, their general oval form may be due to the influence of
currents, :

The accompanying figure [20] shews some of the most cha-
racteristic modes of grouping of the bright granules noticed by
Mr. Huggins on different occasions and on various parts of the
Sun’s surface, brought together, however, in one wood-cut for
convenience of comparison.

To the cloudy stratum giving rise to the penumbre Petit assigns
a depth exceeding 4000 miles. On the other hand Phillips con-
sidered 300 miles a probable amount. Neither figure is primd facie
entitled to much consideration.

Sir W. Herschel supposed that one of the hemispheres of the
Sun is by its physical constitution less adapted to emit light and
heat than the other, but the grounds of this conclusion are not
known.

Of late years the study of the sun has taken a remarkable
start, owing to the fact that by the aid of the spectroscope we
bave been enabled to obtain much new information about the
physical constitution of the Sun. The subject being, however, a
physical rather than an astronomical one, and involving a great
amount of chemical and optical detail, it cannot conveniently be
discussed at length in an astronomical treatise, though something
will be said concerning it later on in this work.
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CHAPTER Il

THE PLANETS.

Epitome of the motions of the Planets.—Characteristics common to them all.—Kepler's
laws.—Elements f a Planet’s orbit.—Curious relation between the distances and
the periods of the Planeis.—The Ellipse.— Popular illustration of the extent of
the Solar system.—Bode's law.— Miscellaneous characteristics of the Planets.—
Curious coincidences.—Conjunctions of the Planets.—Conjunctions recorded in
Higtory. — Statistical Tables of the Magjor Planets.— Different systems.— The
Ptolemaic system.—The Egyptian system.—The Copernican system.—The Tychonic
system.

ROUND the Sun, as a centre, certain bodies called Planets 2

revolve at greater or less distances. They may be divided

into two groups, (1) the ¢ inferior ” planets, or those whose orbits

are within that of the Earth—Mercury and Venus; and (2) the

“ superior ” planets, or those whose orbits are beyond that of the

Earth—Mars, the Minor Planets, Jupiter, Saturn, Uranus, and
Neptune.

If viewed from the Sun a// the planets would appear to the
spectator to revolve round that luminary in the order of the zodia-
cal signs ; such, however, cannot be the case when the observation
is made from one of their number itself in motion, and therefore to
us on the Earth the planets appear to travel in a capricious manner ;
and, further, the inferior and superior planets differ the one class
from the other in their visible movements.

The Inferior planets are never seen in those parts of the heavens
which are in opposition to the Sun ; in other words they are never
on the meridian at midnight, being always within a short angular
distance of the Sun, to the East or West of it as the case may be.

& mAavn7ys, a wanderer.
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Twice in every revolution an inferior planet is in comjunction with
the Sun [Fig. 21]; in inferior conjunction when it comes between
the Earth and the Sun, and in superior conjunction when the Sun
intervenes between the Earth and the planet. When it attains its
greatest distance (as we see it) from the Sun, East or West, it is
sald to be at its greatest elongation, East or West, as the case may
be. In the former case the planet is an “evening star,” in the
latter a “ morning star.”

Fig. 21.

Superior § .

e g S

QO O w

Inferior & .

PHASES OF AN INFERIOR PLANET.

Although a planet always truly moves in the order of the signs,
yet there are periods when it appears stationary ; sometimes even
its motion appears refrograde or reversed. These peculiarities are
owing to the fact that the Earth has simultaneously a motion of
its own in its orbit; and it will readily be understood that they are
only apparent and not real. They also obtain with the superior
planets. It sometimes (though very rarely) happens that an inferior
planet, when in inferior conjunction, passes directly between the
Earth and the Sun, and is consequently projected on the dise of the
latter, which it crosses from East to West: this phenomenon is
termed a framsitb; the particular elucidation of which belongs to
Book I1., (post).

A superior planet can have any angular distance from the
Sun not greater than 180°. After starting from conjunction with
the Sun it successively reaches its Eastern quadrature (at an

b Transire, to go across.
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angular distance of 9o°); and its opposition at 180°. Proceeding
onwards it comes to its Western quadrature, 270° from the Sun
reckoned in the direction of its motion, but only go° reckoned in the
other direction. Another stage of go° brings it again into conjunc-
tion. A planet cannot have a greater angular distance from the
Sun than 180° because when that is attained it begins to approach
the Sun again on the other side, for an obvious geometrical reason.

A full account of the motions of the planets does not fall within
my scope, but the books named in the note may be consulted c.

There are certain characteristics common to all the planets, which
are thus enunciated by Hind :—

1. They move in the same tnvariable direction round the Sun;
their course, as viewed from the north side of the ecliptic, being con-
trary to the motion of the hands of a watch.

2. They describe oval or elliptical paths round the Sun, not however
differing greatly from circles.

3. Their orbits are more or less inclined to the ecliptic, and inter-
sect 1t in two points, whick are the “ nodes ;” one half of the orbit lying
north, and the other half south of the Earth’s path.

4. They are opaque bodies like the Farth ; and shine by reflecting
the light whick they receive from the Sun,

5. They revolve upon their awes in the same way as the Earth.
This we know by telescopic observation fo be the case with many
planets, and, by analogy, the rule may be extended to all. Hence they
will have the alternation of day amd night, like the inkabitants of
the Earth ; but their days are of different lengths to our own.

6. Agreeably to the principles of gravitation, their velocity is
greatest at those parts of their orbit whick lie nearest the Sun, and
least at the opposite parts whick are most distant from it ; in other
words, they move quickest in periheliond, and slowest in aphelione.

From a long series of observations of the planet Mars, Kepler
found that certain definite laws might be deduced relative to the
motions of the planets, which may be thus stated :—

1. The planets move in ellipses, having the Sun in one of the foci.

the case of a comet, owing to the greater

¢ Sir J. Herschel's Outlines of Ast.,
p. 301 et seq.; Hind’s Introd. to Ast., p.
63 et seq. (very good).

d mepi round, and #fAcos the Sun.

e ¢md from, and #jAwos, The fact here
referred to is more strikingly manifest in

eccentricity of cometary orbits: the velo-
city of Donati’s comet at perihelion is
127,000 miles per hour, but at aphelion
only 480 miles per hour.—(Hind, Letter
in the Times, Oct. 25, 1858.)
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2. The radius vector of each plamet describes equal areas in equal
times.

3. The squares of the periodic times of the planets are proportional
2o the cubes of their mean distances from the Sum.

These laws hold good for all the planets and all their satellites.
I have already referred in general terms to the first law; it may,
however, be desirable to say that the orbit of a planet with re-
ference to its form, magnitude, and position, is determined by the
five following data or elements :—

1. Tke longitude of perikelion, or the longltude of the planet,
when it reaches this point,—denoted by the symbol .

2. The longitude of the ascending mode of the planet’s orbit, as
seen from the Sun.— g.

3. The inclination of the orbit, or the angle made by the plane of
the orbit with the ecliptic.—u.

4. Tke eccentricity—e. This is sometimes expressed by the
angle ¢, of which e is the natural sine. ‘

5. The semi-azis-major, or mean distance.—a.

And in order to compute the place of a planet at any given
moment, we further need to know,

6. Its periodic time (obtainable from (5) by Kepler’s 37 law), and,

y. Its mean longitude, or place in its orbit, at a given epoch.

Kepler’s 222 law will Fig. 22.
readily be understood
from the annexed dia-
gram. Let P P* P* be
the elliptic path of a
planet, and let it move
from P to P!, from P? > e L T
to P, and from P*to P®
in equal intervals of
time ; then the 3
shaded areas, which are

assumed to correspond
with the movement of  DIAGRAM ILLUSTRATING KEPLER’S SECOND Law.

the radius vector, will be equal.

The 3™ law involves a curious coincidence, which may be thus
expressed :—If' the squares of the periodic times of the planets be
divided by the cubes of their mean distances from the Sun, the



42

quotients thus obtained are the same for all the planets. The follow-
ing table exemplifies this: it should be remarked, however, that the
want of exact uniformity in the fourth columnf is owing to in-
exactness in the observations on which the calculations are based,
as also to the perturbations which the planets mutually exercise

The Sun and Planets.

on each other’s orbits :—

[Boox 1.

Planet. a P %:
Vulean ? 0143 197 132716
Mercury .. 0-38710 87.969 133421
Venus .. 0.72333 224-701 133413
Earth .. 1-00000 365-256 133408
Mars .. 1-52369 686-979 133410
Ceres .. 2-77692 1679-855 132210
Jupiter 5-20277 4332585 133294
Saturn 9-53858 10759220 133375
Uranus 19-18239 30686-821 133422
Neptune 30-03627 6o126-722 - 133413

This law also holds good for the satellitess, as will be seen from

the following tables calculated for the purpose of exemplifying it.

THE SATELLITES OF SATURN.

Name. @ p %i
Mimas 3:36 0:94 23295
Enceladus .. 431 1-37 23443
Tethys 534 1:89 23458
Dione .. 6-84 274 23460
Rhea .. 955 4-52 23457
Titan .. &5 22-14 1505 23442
Hyperion 26-86 21:30 23412
Tapetus 64-54 79:33 23409

f The decimal pointing is neglected in
all cases in the 4th column, that the eye-
appreciation of the coincidences may not

be interfered with.

£ This is not rigorously true when the
mass of the planet has an appreciable
ratio to that of the Sun.
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THE SATELLITES OF JUPITER.

No. a P g;
I. 6-05 177 14147
II. 9:62 3'55 14156
I 15:35 715 14135
IV, 26-99 16.69 14168
THE SATELLITES OF URANTUS.
No. a : p 7:1:
I. 6-94 2.51 18848
II. ; 9-72 414 18664
ITI. 15-89 8:70 18909
Iv. 2127 1346 18827

Kepler’s laws are the foundation of all planetary astronomy, and it
was from them that Newton deduced his theory of gravitation.
Arago says: “ These interesting laws, tested for every planet, have
been found so perfectly exact, that we do not hesitate to infer the
distances of the planets from the Sun from the duration of their
sidereal revolutions ; and it is obvious that this method of esti-
mating distances possesses considerable advantages in point of
exactness ; for it is always easy to determine precisely the return
of each planet to a point in the heavens, while it is very difficult
to determine exactly its distance from the Sun.”

Sir J. Herschel discusses the theoretical considerations connected
with these laws with great perspicuity; and the reader will do
well to consult his remarks?,

A few definitions as to the properties of an ellipse will here be
appropriate.

In figure 23, S and 8" are the foci of the ellipse; A C is the
major axis; B D the minor or conjugate axis; O the centre: or,
astronomically—O A is the semi-awis-major or mean distance, OB
the semi-awis-minor ; the ratio of OS to O A is the eccentricity :

b Qutlines of Ast., pp- 322-7-
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the least distance, S A, is the perikelion distance; the greatest dis-
tance, S C, the apkelion distance. S B O is the angle ¢ referred to
Fig. 23. on p. 41. Where an eccen-

o tricity is stated in the form
of a vulgar fraction, O S is
the numerator and O A the
denominator. A decimal ex-

A—% 5 5 pression is to the like effect.
It will not be difficult to
follow in the mind the ad-
s ditional characteristics of a
—— planetary orbit. The orbit in
TaE ELLIPSE. the figure is laid down on a
plane surface; incline it slightly as compared to some fixed plane
Fig. 24. : ring and the element of

the inclination (as regards
| its amount) will present
itself. (The astronomical
fixed plane in this case is
that of the ecliptic.) Ima-
gine aplanet following the
inclined ellipse; at some
| point it must rise above
| the level of the fixed
| plane: the point at which
it begins to do so, mea-
sured angularly from some
settled starting - point,
| gives the longitude of the
ascending node. Then the
| planet’s position in the
| ellipse when it comes
closest to the principal
focus, gives us, when pro-
| jected on the plane ring,
| the place of nearest ap-
pulse to the focus, in
- other words, the longitude

RELATIVE APPARENT SIZE OF THE SUN, AS VIEWED i e
FROM THE DIFFERENT PLANETS. of the perihelion. Follow-
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ing these steps, it is not a matter of much difficulty to form a
general conception of a planetary orbit in space, for though the
method is perhaps rather crude, it is so far strictly accurate.

The following scheme will assist the reader to obtain a correct
notion of the magnitude of the planetary system. Choose a level
field or common ; on it place a globe 2 feet in diameter, for the
Sun ; Vulean (?) will then be represented by a small pin’s head, at a
distance of about 2% feet Fig. 25.
from the centre of the ;
ideal Sun; Mercury by |
a mustard seed, at a |
distance of 82 feet; Venus
by a pea, at a distance of
142 feet; the Earth also

by a pea, at a distance of
* 215 feet; Mars by a small
pepper-corn, at a distance |
of 327 feet; the minor |
planets by grains of sand,
at distances varying from
500 to 600 feet : if space
will permit, we may place
a moderate -sized orange
nearly } mile distant from
the starting-point to re-
present Jupiter; a small
orange % of a mile for
Saturn; a full-sized cherry
£ mile distant for Uranus;
and lastly a plum 1{ miles
off for Neptune, the most |EE——— : il
distant planet yet known. COMPARATIVE SIZES OF THE PLANETS,

Extending this scheme, we should find that the apheiion distance
of Encke’s Comet would be at 880 feet; the aphelion distance of
Donati’s Comet of 1858 at 6 miles; and the nearest fixed star at
# 500 miles.

According to this scale the daily motion of Vulean (?) in its orbit
would be 43 feet; of Mercury 3 feet; of Venus 2 feet; of the
Earth 17 feet; of Mars 14 feet; of Jupiter 10} inches ; of Saturn
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7% inches; of Uranus 5 inches; and of Neptune 4 inches. These
figures illustrate also the fact that the orbital velocity of a planet
decreases as its distance from the Sun increases.

Connected with the distances of the planets, Bode of Berlin in
1778 published the following singular “law ”’ of the numerical re-
lations existing between them, which, although not discovered by
him but by Titius of Wittemberg, usually bears his name.

Take the numbers—

o 3 6 12 24 48 96 192 384;
each of which (the second excepted) is double the preceding ;
adding to each of these numbers 4, we obtain

4 7 10 16 28 352 100 196 388;
which numbers approximately represent the distances of the
planets from the Sun expressed in radii of the Earth’s orbit, as
exhibited in the following table :—

Byniis | past
LI e S IS SR 3-8y 4+00
VLT e g A G RO R 4 7-23 7:00
EURORER e S S 1 o, e 2, 3 7 L 10-00 10-00
R 2 S S M e S NS ¥ 1523 16.00
R R A R SRR Sl e A 217:66 28.00
Jupiter e R TOCE L R TR tor 52:03 52:00
EVHUTRR PR b Jos: = e S (it e b 95-39 100-00
(UanaR - s e e T AR S 191-83 ; 196-00
S R AR 0118, PN 300:37 388-00

Bode having examined these relations, and noticing the void
between 16 and 52 (Ceres and the other minor planets not being
then known), ventured to predict the discovery of new planets;
and it may reasonably be believed that this conjecture guided or
induced the investigations of subsequent observers; though some
have disputed thisi. In the above table the greatest deviation

i As far back as 450 B.c. Democritus  orbits of Mars and Jupiter, but too small
of Abdera thought it probable that even-  to be visible to the naked eye. The same
tually new planets would, perhaps, be philosopher conjectured that there was
discovered. (Seneca, Quest. Nat., lib. vii.  another planet between Mercury and
cap. 3 and 13.) Kepler was of opinion Venus.
that some planets existed between the
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between the assumed and the true distance is in the case of
Neptune ; it is possible, however, that when more complete ob-
servations of this planet shall have been made, the above difference
may be somewhat reduced. We may sum up Bode’s law as fol-
lows : — That the interval between the orbits of amy two planets is
about twice as great as the inferior interval, and ounly half the
superior omek, p

Separating the major planets into two groups, if we take Mer-
cury, Venus, the Earth, and Mars as belonging to the interior ;
and Jupiter, Saturn, Uranus, and Neptune to the exterior group,
we shall find that they differ in the following respects :—

1. The interior planets, with the exception of the Earth, are not,
as far as we know, attended by any satellites, while the exterior
planets al/ have satellites. We cannot but consider this as one of
the many instances to be met with in the universe of the benefi-
cence of the Creator-—that the satellites of these remote planets are
designed to compensate for the small amount of light their pri-
maries receive from the sun, owing to their great distance from
that luminary.

2. The average density of the first group considerably exceeds
that of the second, the approximate ratio being 5 : 1.

3. The mean duration of the axial rotations, or mean length of
the day, of the interior planets, is much longer than that of the
exterior ; the average in the former case being 23k 58m, but in the
latter only 1oh 12m,

In the Appendix will be found a full tabular summary of infor-
mation concerning the Sun, Moon, and Major Planets, brought up
to the latest possible date.

The following singular coincidences deserve to be mentioned :—

1. Multiply the Earth’s diameter (7912 miles) by 108, and we
get 854,496 = + the Sun’s diameter in miles.

2. Multiply the Sun’s diameter (852,584 miles) by 108, and
we get 92,079,072 = 4the mean distance of the Earth from the
Sun.

k Many attempts have been made by the series o, 1, 2, 4, 8, 16, 32, and 64:
ingenious dabblers in Astronomy to dis- add 4 to each, and the resulting figures
cover other arithmetical coincidences represent with some approach to accuracy
formed after the spirit of Bode’s law. the relative distances from their primary
Tie following is the only one I have met  of the satellites of Saturn.
with which deserves reproduction. Take
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3. Multiply the Moon’s diameter (2160 miles) by 108, and
we get 233,280= 4the mean distance of the Moon from the

Earth. :
Fig. 26. A phenomenon of

considerable interest, es-
pecially on account of
its rarity, is the con-
junction, or proximity,
of two or more planets
within a limited area
of the heavens. A no-
ticeable instance is de-
picted in fig. 26. It oc-
curred on the morning
of July 21, 1859, when
Venus and Jupiter came
very close to each other ;
at 3b 44™ AM. the dis-

VENUS AND JUPITER, July 21, 1859. tance between the two
planets was only 13”, and they accordingly appeared to the naked
eye as one object.

On Jan. 29, 1857, Jupiter, the Moon, and Venus were in a
straight line with one another, though not within telescopic
range.

On Dec. 19, 1845, Venus and Saturn appeared in the same field
of the telescope. [See fig. 27, next page.]

On Oct. 3, 1801, Venus, Jupiter, and the Moon were in close
proximity in Leo, and Saturn was not far off.

On Dec. 23, 1769, Venus, Jupiter, and Mars were very close to
each other.

On March 17, 1725, Venus, Jupiter, Mars, and Mercury appeared
together in the same field of the telescope.

On Nov. 11, 1544, Venus, Jupiter, Mercury, and Saturn were
enclosed in a space of 10°

On Nov. 11, 1524, Venus, Jupiter, Mars, and Saturn were very
close to each other, and Mercury was only 16° distant.

In the years 1507, 1511, 1552, 1564, 1568, 1620, 1624, 1664,
1669, 1709, and 1765, the three most brilliant planets—Venus,
Mars, and Jupiter—were very near each other.
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On Sept. 15, 1186, Mercury, Venus, Mars, Jupiter, and Saturn
were in conjunction between the Wheat-ear of Virgo, and Libra.

The earliest record we possess of an occurrence of this kind is of
Chinese origin. It is Fig. 27.
stated that a conjunc-
tion of Mars, Jupiter,
Saturn, and Mercury,
in the constellation §4i,
wasassumed as an epoch
by the Emperor Chuen-
hio, and it has been
found by MM. Desvig-
noles and Kirch that
such a conjunction ac-
tually did take place on
Feb. 28, 2446 B.C., be-
tween 10° and 18° of
Piscesl. Another calcu-
lator, De Mailla, fixes
upon Feb. 9, 2441 B.C.,
as the date of the conjunction in question; and he states that the
four planets named above, and the Moon besides, were comprised
within an arc of 12° extending from 15° to 27° of Pisces. It
deserves mention that both the foregoing dates precede the Noa-
chian deluge. It can therefore only be that the planetary con-
junction in question was after-ascertained.

De Mailla gives the following positions m :—

VENUS AND SATURN, Dec. 19, 1845,

R.A.
Mercury ... N Al 56 16
Jupiter i el eV el SR 7
The Moon ... A o R S s
Saturn i 17 NG o BRI
Mars oI O T

A few general remarks on the different theories of the solar
system which have at various times been current will appropriately
conclude this chapter.

1 Bailly, Astron. Ancfenne, p. 345. p. 166, and Kirch’s in vol. v. p. 193 of

Desvignoles’s original memoir appears the same series.
in Mém. de UAcad. de Berlin, vol. iii. m Hist. Gén. de la Cline, vol.i. p. 155.

B
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The Ptolemaic system claims the first place in consequence of
its wide acceptance and the fame of the astronomer whose name
it bears. It would, however, be more correct to say that Ptolemy

Fig. 28. reduced it into shape rather
than that he actually origi-
nated it. The earth was re-
garded as the centre, and
around this the Moon ()),
Mercury ( 8 ), Venus { ¢ ), The
Sun (®), Mars (&), Jupiter
(), and Saturn (R ), all called
planets, were assumed to revolve
in the order in which I have
given them.

More accurate ideas were,
however, current_even before
Ptolemy’s time, but they found
few supporters. Aristarchus of
Samos, who lived about 280 B.c., supposed, according to Archimedes
and Plutarch, that the Earth revolved round the Sun, for which
“ heresy ” he was accused of impiety. Cleanthus of Assos, who
flourished but 20 years later, was, according to Plutarch, the first
who sought to explain the great phenomena of the universe by
supposing a motion of translation on the part of the Earth around
the Sun, together with one of rotation on its own axis. The
historian relates that this idea was so novel and so contrary to the
received notions that it was proposed to arraign Cleanthus also for
impiety.

The Egyptian system differed from the Ptolemaic only in regard-
ing Mercury and Venus as satellites of the Sun and not primary
planets.

A long period elapsed before any new theories of importance
were started, but in the 16th century of the Christian era
Copernicus came forward and propounded his theory, which ulti-
mately superseded all others, and is the one now (in substance)
adopted. It places the Sun in the centre of the universe as the
point around which all the primary planets revolve. It must
not be supposed, however, that the renowned Pole attained to our
existing amount of knowledge on the subject. Far from it: his

THE PTOLEMAIC SYSTEM.
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ideas were defective in more than one important particular. In
order to account for the apparent irregularities in the motions of
the planets, as seen from the Fig 29.

Earth, he upheld theories
which subsequent advances
in the science shewed to be
unnecessary and to rest on no
substantial basis. Amongst
other things he retained the
theory of Epicycles. The
ancients considered that the
planetary motions must be
effected uniformly and in
circles, because uniform mo-
tion appeared the most per-
fect kind of motion, and a
circle the most perfect and
most noble kind of curve. There is at any rate a reverential
spirit in this idea which, notwithstanding our enlightenment, we
need not despise. Copernicus Fig. 30.

announced his system in a
treatise entitled De Revolu-
tionibus Orbium celestium, the
actual publication of which
he did not live to see; for
him this was perhaps fortu-
nate rather than otherwise,
because the work was con-
demned by the Papal «Con-
gregation of the Index.” Had
it been possible for those
reverend gentlemen to have
got the author within their
clutches, it is more than THE COPERNICAN SYSTEM.

likely that he would have suffered as well as his book; as did
Galileo after him.

Tycho Brahe was the last great astronomer who ventured on any
original speculations in this field. Influenced either by lond fide
scruples resulting from an erroneous interpretation of certain

E 2

THE EGYPTIAN SYSTEM.




52 The Sun and Planets. [Book 1.

passages in Holy Seripture, or it may be, simply by a desire to

Fig. 31.

THE TYCHONIC SYSTEM,

perpetuate his name, he chose to
regard the Earth as immoveable,
and occupying the centre of the
system: the Moon as revolving
immediately round the Earth:
and, exterior to the Moon, the
Sun doing the same thing—the
various planets revolving round
the latter as solar satellites.

Kepler and Newton finally set
matters right by perfecting the
Copernican system, and so nega-
tiving all the others.
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CHAPTER IIL

VULCAN. (%)

Le Verrier's investigation of the orbit of Mercury.— Narrative of the discovery of
Vulean.~—Le Verrier's interview with M. Lescarbault.—Approximate elements of
Vulcan.— Concluding note.

EFORE entering upon the story of the supposed discovery of
a new planet to which this name has been given, a brief
prefatory statement seems necessary.

M. Le Verrier having conducted an investigation into the theory
of the orbit of Mercury, was led to the conclusion that a certain
error in the assumed motion of the perihelion could only be ac-
counted for by supposing the mass of Venus to be at least i
greater than was commonly imagined, or else that there existed
some unknown planet or planets, situated between Mercury and the
Sun, capable of producing a disturbing action. Le Verrier offered
no opinion on these hypotheses, but contented himself with laying
them before the scientific world in the antumn of 185¢ 2.

On these views being made public, a certain M. Lescarbault, a
physician at Orgeres, in the Department of Eure-et-Loire, France,
came forward and stated that on March 26 in that year (1859), he
had observed the passage of an object across the Sun’s disc which
he thought might be a new planet, but which he did not like to
announce as such until he had obtained a confirmatory observa-
tion ; he related in writing the details of his observation, and
Le Verrier determined to seek a personal interview with him.

s Compt. Rend., vol. xlix. p. 379. 1839.
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The following account of the meeting will be read with
interest.

“On calling at the residence of the modest and unobtrusive medical practitioner,
he refused to say who he was, but in the most abrupt manner, and in the most
authoritative tone, began, ‘It is then you, Sir, who pretend to have observed the
intra-Mercurial planet, and who have committed the grave offence of keeping your
observation secret for nine months. I warn you that I have come here with the
intention of doing justice to your pretensions, and of demonstrating either that you
have been dishonest or deceived. Tell me then, unequivocally, what you have seen.’
The doctor then explained what he had witnessed, and entered into all the particulars
regarding his discovery. On speaking of the rough method adopted to ascertain the
period of the first contact, the astronomer inquired what chronometer he had been
guided by, and was naturally enough somewhat surprised when the physician pulled
out a huge old watch with only minute hands. It had been his faithful companion in
his professional journeys, he said ; but that would hardly be considered a satisfactory
qualification for performing so delicate an experiment. The consequence was, that
Le Verrier, evidently now beginning to conclude that the whole affair was an im-
position or a delusion, exclaimed, with some warmth, ‘ What, with that old watch,
shewing only minutes, dare you talk of estimating seconds? My suspicions are
already too well founded.” To this Lescarbault replied, that he had a pendulum by
which he counted seconds. This was produced, and found to consist of an ivory ball
attached to a silken thread, which, being hung on a nail in the wall, is made to
oscillate, and is shewn by the watch to beat very nearly seconds. Le Verrier is now
puzzled to know how the number of seconds is ascertained, as there is nothing to
mark them ; but Lescarbault states that with him there is no difficulty whatever in
this, as he is accustomed *to feel pulses and count their pulsations,’” and can with ease
carry out the same principle with the pendulum. The telescope is next inspected,
and pronounced satisfactory. The astronomer then asks for the original memoran-
dum, which, after some searching, is found covered with grease and laudanum.’
There is a mistake of four minutes on it when compared with the doctor’s letter,
detecting which, the savant declares that the observation has been falsified. An
error in the watch regulated by sidereal time accounts for this. Le Verrier now
wishes to know how the doctor managed to regulate his watch by sidereal time,
and is shewn the small telescope by which it is accomplished. Other questions are
asked, to be satisfactorily answered. The doctor’s rough drafts of attempts to ascer-
tain the distance of the planet from the Sun ‘from the period of four hours
which it required to describe an entire diameter’ of that luminary are produced,
chalked on a board. Lescarbault’s method, he beins short of paper, was to make his
calculations on a plank, and make way for fresh ones by planing them off. Not
being a mathematician, it may be remarked he had not succeeded in ascertaining the
distance of the planet from the Sun.

“The end of it all was, that Le Verrier became perfectly satisfied that an intra-
Mercurial planet had been really observed. He congratulated the medical practi-
tioner upon his discovery, and left with the intention of making the facts thus
obtained the subject of fresh calculationsb.”

b Epitomised from the North British  Cosmos, vol. xvi. pp. 22-8, 1860; see
Review, vol. xxxiii, pp. 1-20, August 1860.  also Cosmos, same vol., pp. 50-6.
A full account will also be found in
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In March or April, 1860, it was anticipated that the planet
would again pass across the Sun, which was carefully scrutinised
by different observers on several successive days, but no trace of ‘it
was obtained then, and in a certain sense Lescarbault’s obser-
vation continues unconfirmed. However, this proves nothing, and
many are prepared to regard the existence of this planet as a fuct,
to be fully demonstrated on some future occasion.

The following approximate elements were calculated by Le Ver-
rier from Lescarbault’s rough observations :—

Longitude of ascending node E ]
Inclination of orbit ==712°110/
Semi-axis major (P =1) = 0143
Daily heliocentric motion EEI o {0
Period = 19t 17t
Mean distance ., = 13,082,000 miles.
Apparent diameter of @ from Vulcan = 3°36
Do. do. do. (D=1 = 649
Greatest possible elongation o 8 = 8§

The application of Kepler’s third law yields, as has already been
shewn, a result sufficiently consistent with the results in the cases
of the other planets to demand attention ; but, as will now be seen,
additional evidence can be adduced as to the reality of the discovery,
much as it has been called in question.

On March 20, 1862, Mr. Lummis, of Manchester, was examining
the Sun’s dise, between the hours of 8 and ¢ a.m., when he was
struck by the appearance of a spot possessed of a rapid proper
motion. He called a friend’s attention to it, and both remarked
its sharp circular form. Official duties most unfortunately inter-
rupted him, after following it for 20m ; but he has not the slightest
doubt about the matter. The apparent diameter was estimated to
be about %#”, and in the 20™ it moved over about 12" of arc. The
telescope employed was 2% inches aperture, and was charged with
a power of 8o. Mr. Lummis communicated with Mr. Hind on the
subject of what he had seen; and the latter, by the aid of the
diagram sent, determined that 12" was too great an estimate of
the arc traversed by the spot in the time, and that 6" would be a
nearer value®,

Two French calculators deduced elements from Lummis’s obser-

¢ Month. Not., vol. xxii. p. 232. April 1862.
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vations : the orbits which they obtained, though necessarily very
imperfect, are fairly in accord both with each other, and with Le
Verrier’s earlier orbit.

The first result is adopted from Valz’s elements, the second from
Radau’s.

I 1I.
Longitude of ascending node = 2° 52’ oo —
Inclination of orbit .. = TOT o -
Semi-axis major (P =1-0) .. = 0132 .. 0-144
Daily heliocentric motion .. = 20°32 et SRTNE
Period Ul RN e S g 22 L

Mean distance in mlles 12,076,000 .. 13,174,000

From the heliocentric position of the nodes, it appears that
transits can only occur between March 25 and April 10 at the
descending, and between September 27 and October 14 at the
ascending node.

Instances are not wanting of observations of spots of a planetary
character passing across the Sun which may turn out to have been
transits of Vulcand.

On October 10, 1802, Fritsch saw a round spot pass over the
Sun. In 3™ it had moved 2/, and after a cloudy interval of 4t had
disappeared.

On October g, 1819, Stark saw a well-defined and truly circular
spot, about the size of Mercury, which he could not find again in
the evening.

On October 11, 1847, Schmidt saw a small black point rapidly
pass across the Sun.

On October 14, 1849, the same observer saw a dark body, about
15" in size, pass very rapidly from East to West before the Sun.
¢ It was neither a bird nor an insect.”

In the works whenee these instances are cited, others are given ;
but, though suspiciously suggestive of planets, the dates do not
come within the necessary limits for them to have been apparitions
of Vulean, so it is not worth while to transeribe them ; but never-
theless they are interesting, and worthy of attention.

It is right here to state that M. Liais asserts that being in
Brazil he was watching the Sun during the period in which
Lescarbault professes to have seen the black spot, and that he is

4 Month. Not., vol. xx. p.100. Jan. 1860; also pp. 192—4; Webb, Celest.
Objects, p. 40.
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positively certain that nothing of the kind was visible, though the
telescope he employed was considerably more powerful than that of
the French physician. He adds that parallax will not explain the
discrepancye.

Though it is the fashion to repudiate the reality of Vulean’s
existence, yet it is scarcely prudent to dogmatise on the subject as
some have done, considering that an astronomer of Hind’s experi-
ence leans to the affirmative side. He says :—

¢TIt is a suspicious circumstance that the elements as regards the place of the node,
or point of intersection of the orbit with the ecliptic, and its inclination thereto, as
worked out by M. Valz of Marseilles, from the data I deduced from a diagram
forwarded to me by Mr. Lummis, are strikingly similar to those founded by M. Le
Verrier upon the observations, such as they were, of Dr. Lescarbault. It is true if
the place of the node and inclination were precisely as given by this astronomer, the
object which was seen upon the Sun’s disc on the 26th of March could not have been
projected upon it as early as the zoth of March. But, considering the exceedingly
rough nature of the observations upon which he had to rely, perhaps no stress need
be placed upon the circumstauce. Now the period of revolution assigned by M. Le
Verrier from the observations of 1859 was 19-70 days. Taking this as an approxi-
mate value of the true period, I find, if we suppose 57 revolutions to have been
performed between the observations of Dr. Lescarbault and Mr. Lummis, there would
result a period of 19.81 days. On comparing this value with the previous observa-
tions in March and in October, when the same object might have transited the Sun
at the opposite node, it is found to lead to October g, 1819, as one of the dates when
the hypothetical planet should have been in conjunction with the Sun. And on this
very day Canon Stark has recorded the following notable observation,— ‘At this
time there appeared a black, well-defined nuclear spot, quite circular in form, and as
large as Mercury. This spot was no more to be seen at 4.37 P.M., and I found no
trace of it later on the gth, nor on the r12th, when the sun came out again.” The
exact time of this observation is not mentioned, but appears likely to have been about
noon, one of Stark’s usual hours for examining the solar disc. Hence I deduce a
corrected period of 19-812 days.”

In the communication from which this is takenf Hind throws
out suggestions for a scrutiny of the Sun at certain dates. It must
be admitted that the scrutiny took place and that no planet was
found, and here the matter rests.

Notwithstanding, however, the strong negative evidence against
the existence of Lescarbault’s planet Vulean, Le Verrier has quite
recently (December 1874) announced that the orbit of Mercury is
perturbed to an extent rendering it necessary to augment the
movement of the perihelion by 31” in a century. ¢ The con-

e Ast. Nach., vol. liv. No 1281, Nov. 1, 1860.
! Letter in the Times, Oct. 19, 1872.
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sequence” (he says) “is very clear. There is, without doubt, in
the neighbourhood of Mercury, and between that planet and the
Sun, matter hitherto unknown. Does it consist of one, or several
small planets? or of asteroids, or even of cosmic dust? Theory
cannot decide this points.”

& Compt. Rend., vol. Ixxix. p. 1424. 1874.
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CHAPTER 1V.
MERCURY. ¥

Period, d&c.—Phasess—Physical Observations by Schriter and Sir W. Herschel.—De-
termination of its Mass.—When best seen.—Acquaintance of the Ancients with
Mercury.—Copernicus and Mercury.—Tubles of Mercury.

1\ ERCURY is, of the old planets®, the one nearest to the Sun,

round which it revolves in 874 23h 15m 43'91s, at a mean
distance of 35,392,000 miles, The eccentricity of the orbit of
Mercury amounting to o-205, the distance may either extend to
42,665,000 miles, or fall as low as 28,119,000 miles. The apparent
diameter of Mercury varies between 45" in superior conjunction,
and 12°9” in inferior conjunction: at its greatest elongation it
amounts to about 7”. The real diameter is about 3050 miles. The
compression, or the difference between the polar and equatorial
diameter, has usually been considered to be too small to be measure-
able, but Dawes, in 1848, gave it at J.

Mercury exhibits plases resembling those of the Moon. At its
greatest elongation (say W.) half its disc is illuminated, but as
it approaches superior conjunction the breadth of the illuminated
part increases, and its form becomes gibbous ; and ultimately when
in superior conjunction circular: at this point the planet is lost
in the Sun’s rays, and is invisible. On emerging therefrom
the gibbous form is still apparent, but the gibbosity is on the

a In case it should be thought that
these accounts of the planets are too de-
ficient in statistical data, it may here be

undesirable to encumber these pages with
too many figures. The statistics alluded
to are, in this edition, placed in the Ap-

remarked that they are intended to be
read in connexion with the tabulated
statistics in the Appendix of this volume,
as’it has been thought for several reasons

pendix, to allow of the incorporation
of the results of the Transit of Venus
to the latest attainable degree of com-
pleteness.
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opposite side, and diminishes day by day till the planet arrives at its
greatest elongation East, when it again appears like a half-moon.
Becoming more and more crescented, it approaches the inferior
conjunction ; and having passed this, the crescent (now on the
opposite side) gradually augments until the planet again reaches
its greatest Westerly elongation.

Owing to its proximity to the Sun, observations on the physical
appearance of Mercury are obtained with difficulty, and are there-
fore open to much uncertainty. The greatest possible elongation
of the planet not exceeding 27°45 (and it being in general less),
it can never be seen free from strong sunligchtb, under which con-
ditions it may occasionally be detected with the naked eye during
13b or so after sunset in the spring (E. elongation) and before sun-
rise in the autumn (W. elongation), shining with a pale rosy hue.
With the aid of a good telescope equatorially mounted, Mercury
can frequently be found in the daytime.

Mercury does not appear to have received much attention from
astronomers of the present day, and the observations of Schroter,
at Lilienthal, and of Sir W. Herschel, are the main sources of in-
formation. The former observer and his assistant Harding obtained
what they believed to be decisive evidence of the existence of high
mountains on the planet’s surface: one in particular, situated in
the southern hemisphere, was supposed to manifest its presence
from time to time, in consequence of the southern horn, near
inferior conjunction, having a truncated appearance, which it was
inferred might be due to a mountain arresting the light of the Sun,
and preventing it from reaching as far as the cusp theoretically
extended c. The extent of this truncature would serve to determine
the height of the mountain occasioning it, which has been set down
at 107 miles, an elevation far exceeding, absolutely, anything we
have on the Earth, and in a still more marked degree relatively,
when the respective diameters of the two planets are taken into
consideration.  Schréter, pursuing this inquiry, announced that

b When Mercury’s elongation is the
greatest possible, the planet’s pesition is
(in England) South of the Sun, and there-
fore the chances of seeing it are not so
good as when an elongation coincides
with a more Northerly position, albeit the
elongation is less considerable. The

greatest possible elongation is a W. one
which happens at the beginning of April.
The least (17°50") an elongation (also
W.) which happens at the end of Sep-
tember.

¢ This has also been seen by Noble
(Ast. Register, vol. ii. p. 106. May 1864).
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the planet rotated on its axis in 24" 5™ 48s. Sir W. Herschel
was unable to confirm these results either in whole or even in
part. The alleged period of rotation, especially, cannot be relied on.

The phases of Mercury are noticeable, as it has sometimes been
found that the breadth of the illuminated portion is less than ac-
cording to calculation it should be. This does not rest on the
testimony of Schréter alone, but is supported by Beer and Médler,
from an observation made on September 29, 1832.

Mercury is not known to be possessed of an atmosphere; at
least, if one exists, it is too insignificant to be detected. Sir W.
Herschel, contradicting Schroter and Harding, pronounced against
its existence. [But see Book II, chap. on * Transits,” post.]

Mercury is, as far as we know, attended by no satellite, and the
determination of its mass is a difficult and uncertain problem.
However, the small comet of Encke has furnished the means of
learning something, and from considerations based on the dis-
turbances effected in the motion of this comet by the action of
Mercury, it has been calculated by Encke that the mass of the
latter is {ggir57 that of the Sun. Le Verrier gives z55ivoo 3
Littrow 5gzigte; and Madler 573537

The ancients were not only acquainted with the existence ot
this planetd, but were able to approximate with considerable accu-
racy to its period, and to the nature of its motions in the heavens.
“The most ancient observation of this planet that bas descended
to us is dated in the year of Nabonassar 494, or 60 years after
the death of Alexander the Great, on the morning of the 1gth -
of the Egyptian month Z%ot%, answering to November 15 in the
year 265 before the Christian era. The planet was observed to
be distant from the right line, joining the stars called 8 and &
in Scorpio, one diameter of the Moon ; and from the star 8 two
diameters towards the North, and following it in Right Ascension.
Claudius Ptolemy reports this and many similar observations ex-
tending to the year 134 of our era, in his great work known as the
Adlmageste.”

We have also observations of the planet Mercury, by the
Chinese astronomers, as far back as the year 118 o.0. These ob-
servations consist, for the most part, of approximations (appulses)

4 Pliny, Hist. Nat., lib. ii. cap. 7; Cicero, De Naturé Deorum, lib. ii. cap. 20.
° Hind, Sol. Syst., p. 23.
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of the planet to stars. M. Le Verrier, the French astronomer, has
tested many of these Chinese observations by the best modern
tables of the movements of Mercury, and finds, in the greater
number of cases, a very satisfactory agreement. Thus, on June 9,
118, the Chinese observed the planet to be near the cluster of
stars usually termed Presepe, in the constellation Cancer ; caleu-
lation from modern theory shews that on the evening of the day
mentioned Mercury was less than 1° distant from that group of
stars.

“ Although the extreme accuracy of observations at the present
day renders it unnecessary to use these ancient positions of the
planets in the determination of their orbits, they are still useful
as a check upon our theory and calculations, and possess, more-
over, a very high degree of interest on account of their remote
antiquity £.”

La Place says: ““ A long series of observations were doubtless
necessary to recognise the identity of the two bodies, which were
seen alternately in the morning and evening to recede from and
approach the Sun ; but as the one never presented itself until the
other had disappeared, it was finally concluded that it was the
same planet which oscillated on each side of the Sun.” Arago
considers that ¢ This remark of La Place’s explains why the
Greeks gave to this planet the two names of Apollo, the god of
the day, and Mercury, the god of the thieves, who profit by the
evening to commit their misdeeds.”

The Greeks gave Mercury the additional appellation of 6 =riA-
Bov, ¢ the Sparkling One.” When astrology was in vogue, it was
always looked upon as a most malignant planet, and was stigma-
tised as a sidus dolosum. From its extreme mobility chemists
adopted it as the symbol for quicksilver.

It is rather difficult, in a general way, to see Mercury, and
Copernicus, who died at the age of 70, complained in his last
moments that, much as he had tried, he had never succeeded in
detecting it ; a failure due, as Gassendi supposes, to the vapours
prevailing near the horizon on the banks of the Vistula where the
illustrious philosopher lived. An old English writer, of the name
of Goad, in 1686, humorously termed this planet “a squirting

f Hind, Sol. Syst., p. 23.
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CHAPTER V.

VENUS. ¢

Period, d:c.—Phases resemble those of Mercury—Most favourably placed for observa-
tions once in eight years.—Daylight observations.—Its brilliancy.—Its Spots and
Azial Rolation.— Suspected mountains and atmosphere.—Its “ashy light.”—
Phase irregularities.—Suspected Satellite—Observations on it.—The Mass of
Venus.—Ancicnt observations.—Galileo's” anagram.—TVenus useful for nautical

" observations.—Tables of Venus.

EXT in order of distance from the Sun, after Mercury, is
Venus ; which revolves round the Sun in 2241 16 4gm 83, at

a mean distance of 66,131,000 miles. The eccentricity of the orbit
of Venus amounting to only 0006, the extremes of distance are
Fig. 32. only 66,585,000 miles and

65,677,000 miles. This ec-
centricity is very small. No
planet, major or minor, has
an  eccentricity so small.
The apparent diameter of
Venus varies between g¢'%”
in superior and 665" in
inferior conjunction. "At its
greatest elongation its appa-
rent diameter is about 25”.
A numerous series of careful
observations enabled Main to
determine that the planet’s

VENUS NEAR ITS GREATEST ELONGATION. .
(Sehriter.) diameter (reduced to mean

distance) is 17°55", subject to a correction of —o'5” for the effects
of irradiation. Stone, from an elaborate discussion of a large series
of Greenwich observations, obtained 16°944”, with a probable error
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of +008”. Tennant in 1874 (during the Transit) obtained, as
the mean of 68 measures, 16:9g036” (reduced) with a probable error
of 0'0016” only ®. The real diameter corresponding to this latter
evaluation is about 7500 miles, or, roundly, Venus's diameter is
almost the same as the Earth’s. The compression must be small,
but Tennant thinks he found traces thereof. Great difficulty must
ever arise in clearly detecting it, because the planet’s diameter in
superior conjunction is so small.

Venus exhibits phases precisely identical with those of Mercury.

Though under the most favourable circumstances Venus is never
farther removed from the Sun than 47° 15/, and is therefore always
more or less under the influence of twilight, yet it is difficult to
scrutinise this planet for a reason additional to that which obtains
with Mercury, namely, its own Fig. 33.
extreme brilliancy. -This is |
such as to render the planet
not unfrequently visible in full
daylight and eapable of casting
a sensible shadow at night.
This happened in Jan. 1870,
and occurs every 8 years, when
the planet is at or near its
greatest North latitude and
about 5 weeks from inferior
conjunction. Itsapparent dia-
meter is then about 40”, and
the breadth of the illuminated ~ygyyg xgar 1ms Trerior Cosoxcrion,
part nearly 10”, so that rather (Schrater.)
less than ith of the entire disc is illuminated, but this fraction
transmits more light than do phases of greater extent, because the
latter correspond to greater distances from the Earth. A lesser
maximum of brilliancy, due to the same circumstances less favourably
carried out, occurs on either side of the Sun at intervals of about
29 months. The planet’s angular distance from the Sun on these
occasions is rather less than 40° (in the superior part of its orbit); so
its phase therefore corresponds with that of the Moon 119 and 1749 0ld.

Observations of Venus in the daytime were first made at a very
early period ; the following are the dates of a few instances : 398,

8 Month. Not., vol. xxxv. p. 347. May 1875.
F
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984, 1008, 1014, 1077, 1280, 1363, 1715, 1750. * Bouvard has
related to me,” says Arago, “ that General Buonaparte, upon repair-
ing to the Luxembourg, when the Directory was about to give
him a féte, was very much surprised at seeing the multitude
which was collected in the Rue de Tournon pay more attention
to the region of the heavens situate above the palace than to
his person or to the brilliant staff which accompanied him. He
inquired the cause, and learned that these curious persons were
observing with astonishment, although it was noon, a star, which
they supposed to be that of the conqueror of Italy; an allusion to
which the illustrious general did not seem indifferent when he him-
self with his piercing eyes remarked the radiant body. The star in
question was no other than Venusb.”

The dazzling brillianey of this planet is such® that the daytime is
to be preferred for observing it, but under the best of circumstances
it is far too tremulous for physical observations to be conveni-
ently made. J.D. Cassini attacked it in 166%, and some ill-defined
dusky spots seen on various occasions during April, May, and June,
enabled him to assign 23P 16m for its axial rotation. Bianchini, in
1726 and 1%2%, favoured by an Italian sky, observed spots with
greater facility : thence he inferred a rotation performed in 24 days
8 hours. Sir William Herschel, desirous of arriving at some more
decisive conclusion, devoted much care to the inquiry; but he
was unable to assign a precise period beyond generally believing
that Bianchini’s statement was largely in excess of the true amount.
Schréter, by close attention to certain spots, deduced a period of
23h 21™ 7-98s, which Di Vico and his colleagues at Rome, in
1840-2, only slightly modified to 23t 21™ 23'93". We may thus
assume that the period of the axial rotation of this planet is known
to within a very small fraction of the whole amount.

Sir W. Herschel’s opinion of the spots which he.saw was that
they were in an atmosphere, and did not belong to the solid body
—an opinion supported by no analogy, and now, with reason, be-
lieved to be groundless, for Di Vico found the spots just as deline-
ated by Bianchini. The Roman observers, 6 in number, displayed
great diligence in the matter, and Bianchini’s drawings were,

b Pop. Ast., vol. i. p. yo1, English  experimentally found to be 10 times as
edition. bright as the brightest part of the full
¢ Denison states that Venus has been  moon. (4st., p. 149, 3rd ed.)
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with one exception, confirmed. Of the 6 observers, the most suc-
cessful were those who had most difficulty in catching very minute
companions to large stars, the reason of which Webb points out to
be obvious enough. A very sensitive eye, which would detect the
spots readily, would be easily overpowered by the light of a bril-
liant star, so as to miss a very minute one in its neighbourhood.

Mountains probably exist on Venus, though the testimony on
which the statement must rest is not quite so conclusive as could
be desired. In August 1700 La Hire, observing the planet in the
daytime near its inferior conjunction, perceived in the lower region
of the crescent inequalities which could only be produced by moun-
tains higher than those in the Moon. To the same effect Derham,
writing in 1715. Schroter assertedd the existence of several high
mountains, in which he was confirmed by Beer and Midler, but
his details as to precise elevation measured by toises must be ac-
cepted with great reserve, amongst other reasons because it is
doubtful whether his micrometers were of sufficient delicacy. Sir
'W. Herschel disbelieved him on some points, and attacked him in
the Philosophical Transactions for 1793¢ : his reply was published
in the volume for the year but one afterf; it was calm and digni-
fied, and vindicated the mountains if not the measurements. Di
Vico, at Rome, in April and May 1841, appears to have noticed a
surface-configuration akin to that of the Moon ; and Lassell, when
at Malta in January 1862, observed the same sort of thing.
Browning, on March 14, 1868, saw mottlings on the surface of
Venus which reminded him of the look of the Moon as seen in a
small telescope through a mist. A bluntness of the southern horn,
referred to by Schroter, was also seen by the Roman astronomers,
and often by Breen subsequently with the Northumberland tele-
scope at Cambridge.

That Venus has an atmosphere is generally admitted ; that it
is of considerable density is likewise an opinion apparently well
founded. During the transits of 1761, 1769, and 1874, the planet
was observed by several persons to be surrounded by a faint ring
of light, such as an atmosphere would account for. Schréter, too,
discovered what appeared to him to be a faint crepuscular light

4 Phil. Trans., vol. lxxxii. p. 337. 1793.
792. t Phil. Trams., vol. lxxxv. p. 117%.
° Phil. Trams., vol. lxxxiii. p. 202. 1795.

F 2
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extending beyond the cusps of the planet into the dark hemisphere.
From micrometrical measures of the space over which this light
was diffused he considered the horizontal refraction at the surface
of the planet to amount to 30" 34”, or much the same as that of the
Earth’s atmosphere. Sir W. Herschel confirmed the discovery as a
whole &, and more recently Midler was able to do the same with
the mere modification of making the amount somewhat greater, or
equal to 43°7". 'With this the 1874 Transit results fairly agree.

The existence of snow at the poles of Venus has been suspected
by Webb and Phillips, but the idea awaits confirmation, though
there is no primd facie reason why it should not be well founded ;
indeed rather the reverse.

A phenomenon analogous to the lZumiére cendrée, or ¢ ashy light,’
of the Moon is well attested in observations of Venus when near
inferior conjunction. Many observers have noticed the entire
contour of the planet to be of a dull grey hue beyond the Sun-
illumined crescent. Webb uses the expression the phosphorescence
of the dark side: 1 cannot but regard this as an objectionable
phrase, for phosphorescence notably conveys the idea that some
inkerent light is spoken of, whereas there can be little doubt that
reflection is in some way or other the cause of what is seen in the
case of Venus, though it may be difficult at present to specify the
precise nature of ith. Derham noticed this appearance, and refers
to it in his book ; and Schroter, Sir W. Herschel, Di Vico, and
Guthrie i are amongst those that have seen it. The chief objection
however to the term phosplhorescence lies in the fact that Green,
‘Winnecke, Noble, and several others have repeatedly seen the un-
illuminated limb of Venus distinetly darZer than the back-ground
on which it was projected.

The peculiarity about Mercury’s phases already pointed out (the
measured breadth being different from the calculated) obtains also
with Venus. At the greatest elongations, the line terminating the
illumination ought to be straight, as with a half-moon, but several
observers have found a discrepancy of between 3¢ and 84 between
the first, or last, appearance of the dickotomisation (according as
one or other elongation was referred to). Thus, at the Westerly

g Phil. Tranms., vol.1xxxiii. p. 214. 1793.  Borealis seems a rather poor hypothesis.
h The supposition of the existence of 1 Month. Not., vol. xiv. p. 169. March
some such phenomenon as our Aurora  1854.
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elongation of August 1793, Schriter found the terminator slightly
concave, and it did not become straight till 8¢ after the epoch of
greatest elongation.

Previous to the present century testimony was not wanting that
Venus had a satellite, but nothing has been ascertained about it in
recent times, and Webb, with great propriety, calls the matter “an
astronomical enigma.” On Jan. 25, 1672, J. D. Cassini saw, be-
tween 6" 5om and 7% 2™ A.m., a small star resembling a crescent,
like Venus, distant from the Southern horn on the Western side by
a space equal to the diameter of Venus. On Aug. 28, 1686, at
4® 15™ a.M., the same experienced observer saw a crescent-shaped
light East of the planet at a distance of 2t1s of its diameter. Day-
light rendered it invisible after § an hour. On Oct. 23, 1740 (0.5.),
Short, the celebrated optician, with 2 telescopes and 4 different
powers, saw a small star perfectly defined but less luminous than
the planet, from which it was distant 10” 2”.  On 4 different occa-
sions between May 3 and 11, 1761, Montaigne, at Limoges, saw
what he believed to be a satellite of Venus. It presented the same
phase as the planet, but it was not so bright. Its position varied,
but its diameter appeared equal to 1t that of the planet. The
following extract is from the Dictionnaire de Physique, a French
work published in 1789. “The year 1761 will be celebrated in
astronomy in consequence of the discovery that was made on May 3
of a satellite circulating round Venus. We owe it to M. Mon-
taigne, member of the Society of Limoges, who observed the satel-
lite again on the 4th and #*® of the same month. M. Baudouin
read before the Academy of Sciences of Paris a very interesting
memoir, in which he gave a determination of ‘the revolution and
distance of the said satellite. From the calculations of this expert
astronomer we learn that the new star has a diameter about ith
that of Venus, that it is distant from Venus almost as far as the
Moon is from the Earth, that its period is gd #h, and that its
ascending node is in the 221d degree of Virgo.” Wonderfully
circumstantial ! In March 1764 several European observers, at
places widely apart, saw a supposed satellite. Rodkier, at Copen-
hagen, on March 3 and 4, saw it: Horrebow, with some friends,
also at Copenhagen, saw it on the 1o*" and 11** of the same
month, and they stated that they took various precautions to
make sure there was no optical illusion. Montbaron, at Auxerre,



70 The Sun and Planets. [Booxk 1.

on March 15, 28, and 29, saw the satellite in sensibly different
positions J.

This is the plaintiff’s case, if I may be pardoned for using such
an expression : on the other side it can only be said that no trace
of a satellite has ever been seen by any subsequent observer with
larger telescopes. And with the care bestowed on Venus by Sir
W. Herschel and Schroter during so many years, it is difficult to
understand that, if it existed, they should not have seen it at some
time or other.

Lambert combined all the observations in a very tolerable orbitk,
but, as Hind points out }, notwithstanding its agreement with the
observations, there is one fatal objection to it—if it were correct,
the mass of Venus would be 10 times greater than what other
methods shew it to be, namely 417 that of the Sun. Encke
gives ioiysy, Littrow podsry, Médler ;o115 and Le Verrier
z171350- There are several methods of ascertaining this quantity,
the most obvious of which is based on the disturbing influence
exerted by Venus on the Earth’s annual motion.

Venus has ever been regarded as an interesting and popular
planet, and it is somewhat remarkable that it is the only one whose
praises are sung by the great Greek bard, who thus apostrophises
v ““Egmepos, &s wdAMigTos &v ovpavd loraras dorp™.”

This refers to it as the Evening Star, but elsewhere in the Iliad®
we meet with it in its other function of the “Ewa¢dpos, to which the
Latin Lucifer corresponds. Some have thought, and perhaps not
without reason, that it is the object referred to in Isaiak xiv. 12.

The earliest recorded observations of Venus date from 6835 3.c.
(Ast)., and appear on an earthenware tablet now in the British
Museum °.

¢“Claudius Ptolemy has preserved for us in his A/magest many
observations of Venus by himself and other astronomers before
him, at Alexandria in Egypt. The most ancient of these observa-
tions is dated in the 476%™ year of Nabonassar’s era and 13*® of

3 Scheuten says he saw a satellite ac- n Homer, Iliad, lib. xxii. v. 318.

company Venus across the Sun during n Lib. xxiii. v. 226. Pythagoras (or,
the transit of 1761. See Ast. Jahrbuch, according to others, Parmenides) deter-
1778. mined the identity of the two “stars.”

k Bode’s Jahrbuch, 1777. ° Month. Not., vol. xx. p. 319. June

1 Sol. Syst., p. 27. 1860.
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the reign of Ptolemy Philadelphus, on the night of the 17* of the
Egyptian month Messori, when Timocharis saw the planet eclipse
a star at the extremity of the wing of Virgo. This date answers
to 271 B.c,, Oct. 12 A.M.P” As this was not a telescopic observa-
tion, it and all others recorded before telescopes came into use are
open to this uncertainty, that the two objects may merely have
been in juxta-position so as to have appeared as one without actual
super-position taking place. The recorded occultation of Mercury
by Venus on May 1%, 1737, was no doubt an occultation in the
strict sense of the word.

The interesting discovery of the phases of Venus is due to
Galileo ¢, who announced the fact to his friend Kepler in the fol-
lowing logograph, or anagram * :—

“ Hec immatura, a me, jam frustra, leguntur—oy.”
“These things not ripe [for disclosure] are read, as yet in vain, by me.”

Or, as another interpretation has it—

“These things not ripe ; at present [read] in vain [by others] are read by me.”

The “me” in the former case being the ordinary reader; in the
latter, Galileo. This, when transposed, becomes—

“Cynthie figuras emulatur Mater Amorum.”
““The Mother of Love [Venus] imitates the phases of Cynthia [the Moon].”

To the mariner, owing to its rapid motion, Venus is a useful
auxiliary for taking lunar distances when continuous bad weather
may have prevented observations of the Sun. ‘

In computing the places of Venus the tables of Baron De Lin-
denau, published in 1810, were long in use, but they have now
been superseded by those of Le Verrier, for amongst other causes
of error there existed a long inequality (discovered by Sir G. B.
Airy in 1846) affecting the heliocentric places of the Earth and
the planet to a very sensible amount. This inequality goes through
all its changes in about 2399, and when at a maximum displaces
Venus by 3” and the Earth by 2”, as viewed from the Sun.

» Hind, Sol. Syst,, p. 32.

4 Tt was one of the objections urged
to Copernicus against his theory of the
solar system that if it were true then the
inferior planets ought to exhibit phases.
He is said to have answered that if ever
men obtained the power of seeing them

more distinctly, they would be found to
do so. Prof. De Morgan believes the
anecdote to be apocryphal. (Montk. Not.,
vol. vil. p. 290. June 1847.) But “se
non & vero, é ben trovato.”

* Opere di Galileo, vol. ii. p. 42. Ed.
Padova, 1744.
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CHAPTER VI ’

THE EARTH. &

0O let the Earth bless the Lord : yea, let it praise Him, and magnify Him
for ever.”— Benedicite.

Period, &e.—Figure of the Earth.—The Ecliptic.—The Equinoxes.—The Solstices.—
Dimiwution of the obliquity of the ecliptic.—The eccentricity of the Earth’s orbit.—
Motion of the Line of Apsides.—Familiar proofs and illustrations of the sphericity
of the Earth.—Mddler's tables of the duration of day and night on the Earth.—
Opinion of ancient philosophers.—English medieval synonyms—The Zodiac.—
Mass of the Earth.

THE Earth is a planet in all essential respects similar to Venus

and Mars, its nearest neighbours; but as we are on it,
it is needless to point out the impossibility of treating of it
in the same way as we treat of the other planets. It revolves
round the Sun in 3654 6k gm ¢'65 at a mean distance of
91,430,000 miles. The eccentricity of its orbit amounting to
0'016, this distance may either extend to 92,965,000 miles or
contract to 89,895,000 miles; and these differences involve
variations in the light and heat reaching the Earth which will
be represented by the figures 966 and 1033, the mean amount
being 1000. {

The Earth is not a sphere, but an oblate spheroid (that is to
say, it is somewhat flattened at the poles and protuberant at the
equator) ; like many and probably all of the planets. The follow-
ing table gives the latest authentic measurements.
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Airys. Bessel b,

Miles. Miles.
Polar Diameter .. .. .. .. 7899-170 7899-114
Equatorial Diameter.. .. .. 7925-648 7925604
Absolute Difference .. .. 26478 26-490

Excess of the Equatorial, ex-
pressed as a fraction of the 555D 55 TDT
entire length

The close coincidence between these results supplies a good
guarantee of the accuracy of both, and is noticeable as an illus-
tration of the precision arrived at in the working out of such
problems, the difference between the two values of the equatorial
diameter being only 77 yards. If we represent the Earth by a
sphere 1 yard in diameter that diameter will make the polar
diameter % inch too long.

Further, it has been recently suspected by General Schubert and
Colonel A. R. Clarke that the equatorial section of the Earth is
not circular, but elliptical. Colonel Clarke’s conclusion is that
the equatorial diameter, which pierces the Earth through the
meridians 13° 58 and 193° 58" E. of Greenwich, is 1 mile longer
than the diameter at right angles to itc.

A consideration of the method in which such investigations are
conducted does not fall within the scope of the present sketch, but
in Airy’s Astronomy the subject of the Figure of the Earth is
handled with much clearnessd.

The great circle of the heavens apparently described by the Sun
every year (owing to our revolution round that body) is- called the
ecliptice, and its plane is usually employed by astronomers as a
fixed plane of reference. The plane of the Earths ‘equator, ex-
tended towards the stars, marks out the equator of the heavens,
the plane of which is inclined to the ecliptic at an angle which, on
Jan. 1, 1875, amounted to 23° 27’ 1993” ; this angle is known as
the obliquity of the ecliptic. Tt is this inclination which gives rise
to the vicissitudes of the seasons during our annual journey round
the Sun. The two points where -the celestial equator intersects

> Encycl. Metrop., art. Fig. of Earth. o Mem. R.A.S., vol. xxix. p. 39. 1861.
® Ast. Nach., vol. xiv. Nos. 333-5; d See p. 242 et seq.
vol. xix. No, 438. e “The line of eclipses.”
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the ecliptic are called the eguimoivesf; the points midway be-
tween these being the solsticese. It is from the vernal (or spring)
equinox that Right Ascensions are measured along the equator, and
Longitudes along the ecliptic. The obliquity of the ecliptic is now
slowly decreasing at the rate of about 48” in 100 years. It
will not always, however, be on the decrease; for before it can
have altered 11° the cause which produces this diminution must
act in a contrary direction, and thus tend to increase the obliquity.
Consequently the change of obliquity is a phenomenon in which
we are concerned only as astronomers, since it can never become
sufficiently great to produce any sensible alteration of climate
on the Earth’s surface. A consideration of this remarkable astro-
nomical fact cannot but remind us of the promise made to man
after the Deluge, that ¢ while the earth remaineth, seedtime and
harvest, and cold and heat, and summer and winter, and day and
night shall not cease” The perturbation of obliquity consisting
merely of an oscillatory motion of the plane of the ecliptic, which
will not permit of its [inclination] ever becoming very great or
very small, is an astronomical discovery in perfect unison with the
declaration made to Noah, and explains how effectually the Creator
had ordained the means for carrying out His promise, though the
way it was to be accomplished remained a hidden secret until
the great discoveries of modern science placed it within human
comprehension®.”

It is stated by Pliny that the discovery of the obliquity of the
ecliptic is due to Anaximander, a disciple of Thales, who was born
in 610 B.c. Other authorities ascribe it to Pythagoras or the
Egyptians, while Laplace believes that observations for the deter-
mination of this angle were made by Tcheou-Kong in China not
less than 1100 years before the Christian erai. The accord between
the various determinations ancient and modern is very remark-
able, and indicates the great care bestowed by the astronomers of
antiquity on their work.

f From equus equal, and nox a night;  still; because the Sun when it hasreached
because when the Sun is at these points, these neutral points has attained its
day and night are theoretically equal greatest declination N. or S.as the case
throughout the world. In 1875 this oc- may be. In 1875 this occurred on June
curred on March 20 at 12", and Sept. 22 21 at g" and Dec. 21 at 17?, G. M. T.
at 231, G.M.T. k Hind, Sol. Syst., p. 33.

¢ From sol the Sun, and stare to stand 1 Conn. des Temps. 1811.
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The eccentricity of the Earth’s orbit amounts (to be more precise
than above) to 0'0167917, and it is subject to a very small diminu-
tion, not exceeding 0°000041 in a period of 100 years. Supposing
the change to go on continuously, the Earth’s orbit must eventually
become circular ; but we are enabled to prove by the theory of
attraction that this progressive diminution is only to proceed for a
certain time. Le Verrier has shewn that this diminution cannot
continue beyond 24,000 years, when the eccentricity will be at
its minimum of ‘0033: it will then begin to increase again;
so that unless some external cause of perturbation arise, these
variations must continue throughout all ages, within certain
not very wide limits. They are due to the attractive influence
of the Planets. The above value of the eccentricity is for
18000 A.D. 3

The line of apsides is subject to an annual direct change of 11°77”,
independent of the effects of precession (to be described hereafter) ;
so that, allowing for the latter cause of disturbance, the annual
movement of the apsides may be taken as rather more than 1.
One important consequence of this motion of the major axis of the
Earth’s orbit is the variation in the lengths of the seasons at dif-
ferent periods of time. In the year 3958 B.c., or, singularly enough,
near the epoch of the Creation of Adam, the longitude of the Sun’s
perigee coincided with the autumnal equinox; so that the summer
and autumn quarters were of equal length, but shorter than the
winter and spring quarters, which were also equal. In the year
1267 A.D. the perigee coincided with the winter solstice ; the spring.
quarter was therefore equal to the summer one, and the autumn
quarter to the winter one, the former being the longest. In the
year 6493 A.D. the perigee will have completed half a revolution,
and will then coincide with the vernal equinox; summer will
then be equal to autumn, and winter to spring ; the former seasons,
however, being the longest. In the year 1171g A.n. the perigee
will have completed three-fourths of a revolution, and will then
coincide with the summer solstice ; autumn will then be equal to
winter, but longer than spring and summer, which will also be equal.
And finally in the year 16945 A.D. the cycle will be completed by the
coincidence of the solar perigee with the autumnal equinox. This
motion of the apsides of the Earth’s orbit, in connection with the
inclination of its axis to the plane of it, must quite obviously have
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been the cause of very remarkable vicissitudes of climate in pre-
Adamite timesk,

One result of this position of things we may readily grasp at
this moment. As a matter of fact, in consequence of our seasons
being now of unequal length, the spring and summer quarters
jointly extend to 1864, whilst the autumn and winter quarters only
comprise 1784, The sun is therefore a longer time in the Northern
hemisphere than in the Southern hemisphere: hence the Northern
is the warmer of the two hemispheres. Probably it may be taken
as an incidental proof of this fact that the North Polar regions of
the Earth are easier of access than the South Polar regions. In the
Northern hemisphere navigators have reached to 81° of latitude,
whereas 71° is the highest attained in the Southern hemisphere.

It is not a very easy matter in treating of the Earth to deter-
mine where astronomy ends and geography begins; but a brief
allusion to the means available for deciding the form of the Earth
seems all that it is now necessary to add. We learn that the Earth
is a sphere (or something of the sort) by the appearance presented
by a ship in receding from the spectator: first the hull disappears,
then the lower parts of the rigging, and finally the top-masts. The
shadow cast on the Moon during a lunar eclipse, and the varying
appearances of the constellations as we proceed northwards or
southwards, are amongst the other more obvious indications of the
Earth’s globular form.

The following table of the greatest possible length of the day in
different latitudes I cite from Midler! :—
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k See Papersby Croll, Phil. Mag., 4th 1868 ; Geikie’s Great Ice Age, &c.
Ser., vol. xxxv. p. 363. May 1868; vol. - 1 Pop. 4st., p. 30.
xxxvi. pp. 147 and 362. Aug. and Nov.
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The 8646 hours which, according to Midler, make up a year, are
thus distributed :—

At the Equator. At the Poles.
4348 hours Day, 4389 hours Day,
852 ,, Twilight, 2370 ,, Twilight,
3446 ,, Night. 1887 ,, Night.

Among the ancients, Aristarchus of Samos and Philolaiis main-
tained that not only did our globe rotate on its own axis, but that
it revolved round the sun in 12 months®™. Nicetas of Syracuse is
also mentioned as a supporter of this doctrine», The Egyptians
taught the revolution of Mercury around the Sune; and Apol-
lonius Pergzus assigned a similar motion to Mars, Jupiter, and
Saturn—but I am digressing. Hesiod states that the Earth is
sitnated exactly half-way between Heaven and Tartaruse. Our
ancestors 300 or 400 years ago termed the ecliptic the ¢ thwart
circle ;” the meridian, the “noonsteede circle;” the equinoxial,
“the girdle of the sky ;” the Zodiac, *“the Bestiary,” and * our
Lady’s waye.” The origin of the division of the zodiac into con-
stellations is lost in obscurity. Though commonly attributed to
the Greeks, it now seems certain that the custom is of much earlier
date ; and is possibly due to the ancient Hindus or the Chinese, in
whose behalf, however, a claim to prior knowledge is always put in,
whenever we Europeans fancy that we have made a discovery.

The following are recent values of the mass of the Earth com-
pared with that of the Sun:— Encke ggg%5y, Littrow s53%v0,
Médler z559s, and Le Verrier z57%55. Le Verrier, however,
once seemed to consider that these values were all too small, but
that in our state of uncertainty as to the Sun’s parallax it was not
possible to assign with confidence a definitive value 9.

m Archimedes, In Arenario; Plutarch, n Cicero, Acad. Queast., lib. ii. cap. 39.
De Placit, Philos., lib, ii. cap. 24 ; Diog. © Macrobius, Comment. in. Somn. Scip.,
Lagrt. In Philolao. lib. i. cap. 19, and others.

P “From the high heaven a brazen anvil cast,
Nine days and nights in rapid whirls would last,
And reach the Earth the tenth; whence strongly hurl'd,
The same the passage to th’ infernal world.”
Hesiop, Theogonia, ver. 721.
1 See Month. Not., vol. xxxii. pp. 302 and 323. 1872.
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CHAPTER VII.

THE MOON. (

Period, d&:c.—1Its Phases—Its motions and their complexity.— Libration.— Evection.—
Variation.—Parallactic inequality.—Annual equation.—Secular acceleration.—
Diversified character of the Moon’s surface.—Lunar mountains.—Seas.—Craters.—
Volcanic character of the Moon.— Lunar atmosphere.— Researches of Schriter, &¢c.—
Hansen’s curious speculation.— The Earth-shine—The Harvest Moon.—Astronomy
to an observer on the Moon.—Luminosity and calorific rays.— Historical notices as
to the progress of Lunar Chartography.

HE Moon, as the Earth’s satellite, is to us the most important
of the “ secondary planets,” and will therefore receive a some-
what detailed notice.
The Moon revolves round the Earth in 244 7h 43m 11°4615, at
a mean distance of 238,830 miles. The eccentricity of its orbit
amounting to 0°0549, the Moon may recede from the Earth to a
distance of 251,900 miles, or approach it to within 225,700 miles.
Its apparent diameter® varies between 29" 21” and 33" 31”. The
diameter at mean distance is 31" 5”. It will fix this in the
memory to note that the apparent diameter is the same as the Sun’s,
and equals }°. The real diameter, according to Madler, is 21596 ;
according to Wichmann 2162 miles. Recent researches shew that
these values are too great ; and that a correction of about 2” (Airy)
or 215" (De La Rue) must be applied to the measured visual dia-
meter of the Moon, to allow for the exaggeration of its dimensions
by irradiation. This reduction amounts to about 2 miles. The most
delicate measurements indicate no compression.
The Moon has phases like the inferior planets, and of the various
influences ascribed to it that which results in the tides of the

= These figures must be regarded as  the Moon will be found to vary consider-
geometrically rather than practically true,  ably. And the diameter at mean distance
for under varying circumstances of alti-  is not the arithmetic mean of the extremes
tude above the horizon the diameter of  of apparent diameter.
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ocean is the most important, and will hereafter be treated at some
length.

The motions of the Moon are of a very complex character : they
have largely occupied the attention of astronomers during all ages,
and they can only be said to have been mastered within a recent
period.

Speaking roughly, we may say that the same hemisphere of the
Moon is always turned towards us; but although this is, in the
main, correct, yet there are certain small variations at the edge
which it is necessary to notice. The Moon’s axis, although nearly,
is not exactly perpendicular to the plane of its orbif, deviating
therefrom by an angle of 1° 32" ¢” (Wichmann) ; owing to this fact,
and to the inclination of the plane of the lunar orbit to that of
the ecliptic, the poles of the Moon lean alternately to and from
the Earth. When the North pole leans towards the Earth we see
somewhat more of the region surrounding it, and somewhat less
when it leans the contrary way ; this is known as Zlibration in lati-
tuded. The extent of the displacement in this direction is 6° 47"
In order that the same hemisphere should be continually turned
towards us, it would be necessary not only that the time of the
Moon’s rotation on its axis should be precisely equal to the time of
its revolution in its orbit, but that its angular velocity in its orbit
should, in every part of its course, exactly equal its angular velocity
on its axis. This, however, is not the case, for its angular velocity
in its orbit is subject to a slight variation, and in consequence of
this a little more of its Eastern or Western edge is seen at one
time than another; this phenomenon is known as the Zibration
in longitude, and was discovered by Hevelius, who deseribed it in
1647¢. The extent of the displacement in longitude is 7° 53"
The maximum total libration (as viewed from the Earth’s centre)
amounts to 10° 24”. On account of the diurnal rotation of the
Earth, we view the Moon under somewhat different circumstances
at its rising and at its setting, according to the latitude of the
Earth in which we are placed. By thus viewing it in different
positions, we see it under different aspects ; this gives rise to-another

phenomenon, the diurnal libration, but the maximum value of this
is only 1° 17 24”.

b Librans, balancing. 2 ¢ Selenographia.
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This periodical variation in the visible portion of the Moon’s disc
seems to have been first remarked by Galileo—a discovery very
creditable to him when we consider the inefficient materials with
which he worked. According to Arago, the various librations
enable us to see altogether ;%% of the Moon’s surface, the portion
always invisible amounting only to 42; of the same.

The following account of the chief perturbations in the motion of
the Moon is, in the main, abridged from that invaluable repertory
of astronomical facts, Hind’s Solar System.

1. The Ewection depends on the angular distance of the Moon
from the Sun, and on the mean anomaly of the former. It dimin-
ishes the equation of the centre in the syzygies and inereases it in
the quadratures, increasing or diminishing the Moon’s mean longi-
tude by 1° 20’ 29'9”. Period, about 314 1gh 3om. Discovered by

" Ptolemy, but previously suspected by Hipparchus.

2. The Pariation depends solely on the angular distance of the
Moon from the Sun. Its effect is greatest at the octants, and
disappears in the syzygies and quadratures, the longitude of the
Moon being altered thereby 35° 416" when at a maximum. Period,
half a synodical revolution, or about 14d 18k, TIts discovery is
usually ascribed to Tycho Brahe, but Sedillot and others claim it
for Abul Wefa, who lived in the gth century. It was the first
lunar inequality explained by Sir I. Newton on the theory of
gravitation.

3. The Parallactic Inequality arises from the sensible difference
in the disturbing influence exerted by the Sun on the Moon,
according as the latter is in that part of its orbit nearest to,
or most removed from, the Sun. At its maximum it alters the
Moon’s longitude by about 2’. Period, one synodical revolution,
or 294 12k g44m,

4. The Annual Equation is that inequality in the Moon’s motion,
which results from the variation in the velocity of the Earth,
caused by the eccentricity of its orbit. At its maximum the Moon’s
longitude is altered by 11" 11°97”. “Period, one anomalistic solar
year, or 3654 6h 13m 49°35,

5. The Secular Acceleration of the Moon’s mean motion had been
supposed to be caused wholly by the diminution in the eccentricity
of the Earth’s orbit which has been going on for many centuries,
as has already been pointed out; but in 1853 it was shewn by
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Professor Adams that the amount of this acceleration is just double
that which such diminution per se would account for. At present
the mean motion of the Moon is being increased at the rate of
about 12" every 100 years. This inequality was detected by Halley
in 1693 from a comparison of the periodic time of the Moon, de-
duced from Chaldzan observations of eclipses, made at Babylon in
the years 720 and 719 B.c., and Arabian observations made in the
8th and gth centuries 4.n. Laplace first reasoned out and explained
the theory of the inequality, and up to the date of Adams’s re-
searches his calculations were supposed to be complete. It was,
however, shewn by our great geometer that Laplace had neglected
certain quantities in his caleulations, and so estimated the accelera-
ting effect of the increase of the minor axis of the Earth’s orbit at
double its true amount. It has been suggested by Delaunay and
others that half of this seeming acceleration has its origin in the
real increase in length of our terrestrial day, which has actually
lengthened and continues to lengthen by a small fraction of a second
annually ; and this slower rotation of the Earth (for that is what it
amounts to) is conceived to have its origin in the friction of the
tides, which act as a break on the Earth rotating beneath them.

Hansen elucidated, a few years ago, two other inequalities in
the Moon’s motion, due, the one directly and the other indirectly,
to the influence of Venusd; and it was hoped that when these were
taken into account it would have been found possible to say that
the position of the Moon deduced from theory is almost precisely
the same as that obtained by direct observation, and therefore that
our knowledge of the Moon’s motion is almost perfect, but further
research by Sir G. B. Airy has cast a doubt on the matter.

When viewed by the naked eye the Moon presents a mottled ap-
pearance ; this arises from our satellite being unequally reflective, a
fact which the telescope teaches us to be due to. numerous mountains
and valleys on its surface, as was discovered by Galileo. The proof
of the existence of these is found in the shadows cast by the high
peaks on the surrounding plains, when the Sun shines obliquely ;
these shadows disappear, however, at the full phase, as the Sun

4 The statement in the text is mot  of Venus which Airy connected only with
quite correct, so far that in the case of the Earth. The second of these Hansen
one of these inequalities (the 239-year  inequalities runs its course in 273 years.

one) what Hansen did was to trace the See on the whole subject a paper by Airy
operation on the Moon of that influence  in Month. Not., vol xxxiv.p.1. Nov.1873.
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then shines perpendicularly on the Moon’s surface. Between the
times of new and full Moon the boundary line of the illuminated
portion (often called the terminator) has a rough jagged appear-

VIEW OF A PORTION OF THE MOON'S SURFACE ON THE
S.E. or Tycuo. (Nasmyth.)

ance : this is caused by the Sun’s light falling first on the summits

of the peaks, the surrounding valleys and declivities being still in

shade ; thus a disconnected form is given to the whole edge, to

which is due the jagged aspect above referred to.
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Most of the lunar mountains have received names, chiefly those
of men eminent in science, both ancient and modern. Riccioli
proposed this nomenclature as preferable to that of Hevelius, who
adopted terrestrial geographical names. The Prussian astronomers
Beer and Midler, the selenographers to whom we owe so much of
our knowledge of the Moon, measured the heights of 1095 lunar
elevations, several of which exceed 20,000 feet.

Grey plains, or seas, analogous probably to our ¢ steppes” and
prairies, form another noticeable feature in the topography of the
Moon. They were called seas from their supposed nature, but
though the opinion is overthrown the appellation is retained, and
specific names have been applied to several of them.

The crater mountains are by far the most curious objects shewn
by the telescope. These are apparently of voleanic origin, and
usually consist of a basin with a conical elevation rising from the
centre. Their outline is generally circular or nearly so, but oblique
view will often give those in the neighbourhood of the limb an
apparently elliptical contour. Their immediate formation is pro-
bably due to the escape of gases from the interior of the Moon
when that body was in a semi-fluid state, as it is conceived once to
have been. The effect of the passage of air through a semi-fluid
substance may be seen in the case of lime slaked by builders for
fine plastering, when the air-bubbles, having forced their way up-
wards to the surface and burst, leave an aperture rising in a cone,
forming a perfect imitation of many lunar craters. Several ob-
servers who have noticed a mountain named Aristarchus have
fancied it to be a voleano in action. It is now generally understood
that the faint illumination discerned on the summit is mevely
due to “Earth-shine;” but, in the words of Sir J. Herschel,
¢ decisive marks of voleanic stratification, arising from successive
deposits of ejected matter, and evident indications of lava currents
streaming outwards in all directions, may be clearly traced with
powerful telescopes. In Lord Rosse’s magnificent reflector the flat
bottom of the erater called Albategnius is seen to be strewed
with blocks, not visible in inferior telescopes, while the exterior
ridge of another (Aristillus) is all hatched over with deep gullies
radiating towards its centree.”

° Outlines of Ast., p. 283.
G 2
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A systematic topographical description of the Moon would be
entirely beyond the compass of this work, and there is the less
occasion for it as that by the Rev. T. W. Webbf is a very ex-
haustive one. The works of Hind ¢ and Arago® also contain briefcr
accounts,

The question as to whether or not the Moon has an atmospherei
must be answered in the negative, though some affirmative testi-
mony is forthcoming. Schriter considered that there was one, but
he estimated the height at only 5376 feet, and Laplace thought it
to be more attenuated than the best attainable vacuum of an air-
pump. Schroter arrived at his conclusion by following up a remark
of Auzout’sk, that if the Moon had an atmosphere the phenomenon
of twilight would in consequence present itself. He was at length
able, he thought, to determine that when the Moon exhibited a
very slender crescent, a faint crepuscular light, extending from each
of the cusps along the circumference of the unenlightened portion
of the disc to a distance of 1" 20”, could be perceived ; its greatest
breadth being 2”. He thence inferred the height of the atmosphere
to be only 0'94”, corresponding to the 5376 feet given abovel.
The Moon would describe this arc in less than two seconds of time,
and this circumstance was adduced by Schriter as an explanation
of the difficulty attending its direct detection during eclipses and
occultations. SirJ. Herschel considered that we are entitled to con-
clude the non-existence of any atmosphere at the Moon’s surface
dense enough to cause a refraction of 17, 7. e. having ;&4 the
density of the Earth’s atmospherem. Both Beer and Midler
thought that the Moon has an atmosphere, but that it is of in-
significant extent, owing to the smallness of our satellite’s mass ;
and they also say, “It is possible that this weak envelope may
sometimes, through local causes, dim or condense itself,”—an idea
which, if proved, would help to clear up some of the conflicting
details of occultation phenomena. The suddenness with which
occultations of stars by the Moon take place is, however, com-
monly regarded as one of the best proofs that a lunar atmosphere

f Celest. Objects, pp. 59-129. sult a paper by Prof. Challis in Month.
& Sol. Syst., p. 48 et seq. Not., vol. xxiii. p. 231. June 1863.
b Pop. Ast., vol.ii. p. 258 et seg., Eng. ed. k Mém. Acad. des Sciences, vol. vii. p.
i See an important memoir by Bessel 106.

in Ast. Nach., vol. xi. p. 411. July 16, V Phil. Trans., vol. Ixxxii. p. 354. 1792.

1834. And the reader will do well to con- m Qutlines of Ast., p. 284.
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does not exist. And the spectroscope supplies negative evidence
of like import.

“ Professor Hansen has recently started a curious theory from
which he concludes that the hemisphere of the Moon which is
turned away from the Earth may possess an atmosphere. Having
discovered certain irregularities in the Moon’s motion, which he
was unable to reconcile with theory, he was led to suspect that
they might arise from the centre of gravity of the Moon not
coinciding with her centre of figure. Pursuing this idea, he found
upon actual investigation that the irregularities would be almost
wholly accounted for by supposing the centre of gravity to be
situated at a distance of 334 miles® feyond the centre of figure.
Assuming this hypothesis to be well founded, Professor Hansen
remarks that the hemisphere of the Moon which is turned to-
wards the Earth is in the condition of a high mountain, and that
consequently we need not be surprised that [little or] no trace of
an atmosphere exists; but that on the opposite hemisphere, the
surface of which is situated édeneath the mean level, we have no
reason to suppose that there may not exist an atmosphere, and con-
sequently both animal and vegetable life°.” Professor Newcomb
however has disputed these conclusions of Hansen.

For a few days, both before and after new Moon, an attentive
observer may often detect the outline of the unilluminated portion
without much difficulty. This lustre is the light reflected on the
Moon by the Earth—¢ Earth-shine” in fact; the French ecall it
la lumiére cendrée, following the Latin lumen incinerosum, or the
ashy light. In England it is popularly known as “the old Moon
in the New Moon’s arms.” This light is stronger during the
waning of the Moon than at any other time; as was noticed by
Galileo, whose opinion was confirmed by Hevelius and other more
modern astronomers. Hevelius remarked, moreover, that in the
waning Moon the illumination is less intense than when the phases
are increasing—a fact which would seem to indicate, as Arago has
pointed out®, that the Western part of the lunar disc is on the
whole better adapted for reflecting the solar rays than the Eastern
part ; assuming this to be true, an obvious explanation is furnished

n “y740" in the English original, but  A4st., vol.ii. p. 276, Eng. ed.
erroneously so. » Arago, Pop. Ast., vol. ii. p. 300,
° Note by translator, Arago’s Pop. Eng. ed.
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for the fact that the Earth-shine is more luminous before the New
Moon than after it.

The Harvest Moon is the name given to that full Moon which
falls nearest to the autumnal equinox; as our satellite then rises
almost at the same time on several successive evenings, and at a
point of the horizon almost precisely opposite to the Sun (so that
the duration of its visibility is about the maximum possible), it is
of much assistance to the farmer at that important period of the
year. In the words of Ferguson, ¢ The farmers gratefully ascribe the
early rising of the full Moon at that time of the year to the good-
ness of God, not doubting that He had ordered it so on purpose to
give them an immediate supply of moonlight after sunset, for their
greater conveniency in reaping the fruits of the Eartha.” Although
this near coincidence in several successive risings of the Moon takes
place in every lunation when our satellite is in the signs Pisces and
Aries, yet the phenomenon is only prominently noticeable when it
is full in these signs, which only occurs at or near the autumnal
equinox, and when the Sun is in Virgo or Libra. The rationale of
the harvest Moon is this :—Suppose the Moon to be full on the
day of the autumnal equinox ; the Sun is then entering Libra, and
the Moon, Aries ; the former setting exactly in the west, the latter
rising exactly in the east: the southern half of the ecliptic is
then entirely above the horizon, and the northern half entirely
below, and the ecliptic itself makes the least possible angle with
the horizon. The Moon in then advancing 13° or one day’s
portion, in its orbit (which is but slightly inclined to the ecliptic)
will become less depressed below the horizon, and will therefore
have a less hour-angle to traverse by the diurnal motion after
sunset in order that it may come into view the next night
than at any other timer. That harvest Moon is (astronomically)
most favourable which happens on Sept. 21, with the Moon in
the ascending node of her orbit, which then coincides with the
vernal equinox.

The Moon next after the Harvest Moon is (or used to be) called
the Hunter’s Moon.

The least possible variation between the times of two successive

a Astronomy, p. 136. Ed. of 1757. Astronomy (p. 172) there is a good diagram
r In Lockyer's Elementary Lessons in  and description dealing with this matter.
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risings is about 14m, and the greatest possible about 1* 16m, which
takes place when the Moon is in Libra, and at the same time at or
near its descending node. :

As seen from the Sun, with the Earth in perihelion and the Moon
in apogee, the Moon never departs more than 10" 42” from the Earth
at its greatest elongation. Since the axis of the Moon is very
nearly perpendicular to the plane of her orbit, our satellite has of
course scarcely any change of seasons. At its equator the mean
solar day has a constant length of 354" 22m, or 144 18h 22m of our
mean solar time; in other words, it is equal to half the period of
the Moon’s syrodical revolution round the Earth. As is the case
on the Earth, the length of the longest day on the one hand and of
the shortest on the other increases and diminishes according as the
assumed place of observation approaches the lunar poles: so that at
the selenographic latitude of 45° these times become 144 21h 1gm
and 14¢ 15h 26m ; and at the latitude of 88° 184 1/h 28m and 104
1gh 16m respectively.

By an observer placed on the Moon some astronomical pheno-
mena would be witnessed under circumstances widely different
from those under which we see them. The apparent diameter of
the Earth would be about 2°, and its apparent superficial extent
13 times greater than the apparent superficial extent of the Moon
as seen from the Earth. More than this: the Earth is almost a
fixed object in the lunar heavens, only altering its place by the
amount of the libration, or traversing backwards and forwards a
space having an extent of 15° 30’ in longitude and 13° 18 in lati-
tude. The Earth exhibits to the Moon exactly the same kind of
phases which the latter does to us, but in @ reverse order. TFor
when the Moon is full, the Earth is invisible to the Moon ; and
when the Moon is new, the Earth is full to the Moon. These
remarks apply only to those parts of the lunar surface which are
turned towards our globe; for a spectator on the opposite side
would never see the Earth at all, and spectators located on the
apparent borders of the lunar disc would only now and then
obtain a glimpse of it in their horizon, for which they would be
indebted to the librations in longitude and latitude already
noticed.

If the whole sky were covered with full Moons they would
scarcely make daylight, for Bouger’s experiments give the brilli-



Cuare. VIL] The Moon. 89

ancy of the full Moon as only 34545 that of the Sun. Wollaston’s
value is g5i%57z% Zollner’s 1o, and G. P. Bond’s 75t

The Moon’s surface is supposed to be much heated, possibly, ac-
cording to Sir J. Herschel, to a degree much exceeding that of
boiling wateru, yet we are not in a general way conscious of there
being any heat at all available for warming the Earth. This need
not however excite surprise, for it is probably very small in
amount, and what there is of it is doubtless quickly absorbed in
the upper strata of our atmosphere. Melloni in 1846 thought
that he detected a sensible elevation of temperature by concen-
trating the rays of the Moon in a lens 3 feet in diameter. C.P.
Smyth in 1856 also thought that he obtained evidence on Tene-
riffe x of the Moon’s rays possessing calorific power, but his instru-
mental means were not very perfect. Prof. Tyndall has stated
that his experiments in 1861 seem to shew that the Moon imparts
to us, or at least to the Professor’s thermometric apparatus, “rays of
cold.” More recently, however, the Earl of Rosse and M. Marié-
Davy have conducted experiments which seem to give conclusively
affirmative results, and on the whole the balance of evidence leans
to this view of the questionv.

The first astronomer who paid much attention to the delinea-
tion of the Moon’s surface was Hevelius, who in his well-known
Selenographia, published in 1647, gave a detailed description of it,
accompanied by one general and some 40 special charts; which,
taking into consideration the inferior optical means at his disposal,
were very creditable to the industry of the illustrious observer of
Dantzig. Four years later Riceioli brought out a map of the Moon,
having proper names assigned to many of the principal localities ;
and this nomenclature, improved and enlarged, is still in general
use. J. D. Cassini and T. Mayer of Gottingen published charts
in the years 1680 and 1749 respectively, the latter of which was
the only one used by observers for many years subsequent to the
opening of the present century. In 1791 Schriter published a

* Phil. Trams., vol. exix. p. 27. 182¢g.  ments hitherto made given by Carpenter
t Month. Not., vol. xxi. p. 200. May in Pop. Se. Rev., vol. ix. p. 1. January

1861. 1870. Lord Rosse’s experiments will be
u Qutlines of Ast., p. 285. found described in Phil. Trans., vol. clxiii.
x An Astronomer’s Experiment, dc., p.587. 1873. See also Month. Not., vol.

p. 213. xxxiv. p. 197. Feb, 1874.
v See a summary of all the experi- £



90 The Sun and Planets. [Booxk I.

large work entitled Selenotopographische Fragmente, in which are
given diagrams of many of the principal spots. Schréter was
an industrious observer, but his descriptions are not always
satisfactory.

In 1824, W. G. Lohrmann of Dresden published the first 4 of a
series of 25 excellent lunar charts, but was prevented by failing
sight from continuing the work. Beer and Midler’s elaborate
Mappa Selenographica was published in 1837, and is undoubtedly
the best of the kind yet published ; but the most generally useful
and also most generally accessible map for the class of readers whom
I address is the Rev. T. W. Webb’s, reduced from Beer and Mid-
ler’s. Undoubtedly, however, the most minutely accurate and ela-
borate lunar map yet made is the one of 7°67 feet in diameter, by
Schmidt of Athens, but it is, unfortunately, not yet published.
Maps by Russell and by Blunt are in circulation, but they are not
of much value as regards details.

The British Association for the Advancement of Science, through
a sub-committee, began in 1866 the preparation of an entirely new
map of the Moon, but this has been now definitely abandoned by
the Association, and is being very slowly carried on by Mr. W. R.
Birt.

A wax model of the whole lunar surface was executed some years
ago by a Hanoverian lady named Witte, and Nasmyth has modelled
in plaster of Paris several single cratersz Photography, too, has
been called in by De La Rue, Rutherford, and others, with good
results.

In computing the places of the Moon the Tables of Burckhardt,
published in 1812, were formerly used, but in 1862 the new and
more perfect Tables of Hansen were introduced at the Nautical
Almanac office ; and these have entirely superseded Burckhardt’s.
Damoiseau, Plana, Carlini, Pontécoulant, Lubbock, and afterwards
Delaunay, in addition to Hansen, did much to improve the theory
of the Moon. Delaunay’s labours earned for him a foremost place
in the rank of geometrical astronomers. More recently still, Sir
G. B. Airy has proposed to treat the lunar theory by a new method.
He is still pursuing his investigations, and they will eventually

* Fig. 37 is from a photograph of one of these. But they are of little value, being
very inexact. &
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be the foundation of Tables which will certainly supersede even
Hansen’s a.

According to a recent determination by Stone the Moon’s mass
18 gy that of the Earth.

To record a tithe of the influences ascribed to the Moon would be
a herculean task, nevertheless (in addition to the tides)one deserves
notice. Evening clouds at about the period of full Moon will
frequently disperse as our satellite rises, and by the time it has
reached the meridian a sky previously overcast will have become
almost or quite clear. I first observed this in 1857, and subse-
quently found that Sir J. Herschelt had made the same remark.
The idea has been disputed®, but I am firmly convinced of its truth.
Humboldt speaks of it as well known in South America, and Arago
indirectly confirms the theory when he shews that more rain falls
at about the time of new Moon (cloudy period) than at the time of
full Moon (cloudless period according to the theory). According to
Forster, Saturday new Moons result in 3 weeks of wet weather.
He alleged that observations extending over 8o years shewed this
coincidenced,

* Month. Not., vol. xxxiv. p. 8g. Jan. ¢ Ellis, Phil. Mag., 4th ser., vol. xxxiv,
1874. p- 61. July 1867.
b Qutlines of Ast., p. 285. 4 Month. Not., vol.ix. p. 37. Dec. 1848.
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CHAPTER VIII

THE ZODIACAL LIGHT.

General description of it.—When and where visible.—Str J. Herschel's theory.—
Historical notices.—Modern observations of it.

ASTRONOMICAL writers are not agreed as to the proper head

under which to describe and discuss the Zodiacal Light. I
prefer to deal with it here, because, whatever its origin, it is a
matter of terrestrial cognizance, and therefore may, without any
serious incongruity, be associated with the Earth.

The Zodiacal Light is a peculiar nebulous light of a conical or
lenticular forme, which may very frequently be noticed in the
evening soon after sunset about February or March, and in the
morning before sunrise about September. It extends upwards
from the Western horizon in the spring and from the Eastern hori-
zon in the autumn, and generally, though by no means alwaysb,
its axis is nearly in a line with the ecliptic, or, more exactly, in
the plane of the Sun’s equator. The apparent angular distance of
its vertex from the Sun’s plane varies, according to circumstances,
between 50° and 70°; sometimes it is more; the breadth of its
base, at right angles to the major axis, varies between 8° and 30°.
During its evening apparition it usually reaches to a point in the
heavens situated not far from the Pleiades in Taurus. It is always
so extremely ill-defined at the edges that great difficulty is ex-
perienced in satisfactorily determining its limits. In these northern
latitudes the Zodiacal Light is generally, though not always, infe-
rior in brilliancy to the Milky Way ; but in the Tropies it is seen

» Lens, a lentil.
b Month. Not., vol. xxx, p. 151, March 1870, et infra.
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to far greater advantage. Humboldt says that it is almost con-
stantly visible in those regions, and that he has himself seen it
sufficiently luminous to cause a sensible glow on the opposite
quarter of the heavense. In the winter of 1842—43 it was re-
markably well seen in this country, the apex of the cone attaining
a length of no less than 105° from the Sund. Mr. Lassell also
mentions having seen the light very conspicuous at Malta in
January 1850e. :

No satisfactory explanation has yet been given of this pheno-
menon ; it is, however, very generally considered to be a kind of
envelope surrounding the Sun, and extending perhaps nearly or
quite as far as the Earth’s orbit. Sir J. Herschel’s opinion is,
“ that it may be conjectured to be no other than the denser parts
of that medium which we have some reason to believe resists the
motions of comets; loaided, perhaps, with the actual materials of
the tails of millions of those bodies, of which they have been
stripped in their successive perihelion passages[!!]. An afmosphere
of the Sun, in any proper sense of the word, it cannot be; since the
existence of a gaseous envelope propagating pressure from part to
part—subject to mutual friction in its strata, and thereby rotating
in the same, or nearly the same, time with the central body, and
of such dimensions and ellipticity—is utterly incompatible with
dynamical lawsf.” 1In connexion with this speculation it may
be mentioned that during the visibility of the great comet of
1843 in March of that year, the Zodiacal Light was unusually
brilliant ; so much so, that by many persons it was mistaken for
the comet.

The Zodiacal Light is of a reddish hue, especially at its base,
where also it is most bright, and where it effaces small stars.
Undulations and likewise a sort of flashing have been noticed
in it.

It has been suggested that the Zodiacal Light is identical with
what Pliny and Seneca call the “ Trabes s,” but more likely this was

¢ But on this point see Humboldt’s Burr and Webb will be found at pp. 45,

later statement on p. 95, post. 83, and 181 of the same volume ; and see
d Detailed particulars will be found in  a paper by T. Heelis in Mem. of the Lit.
the Greenwich Observations, 1842. and Phil. Soc. of Manchester, 3rd ser.,

® For observations by E. J. Lowe, see  vol. iii. p. 437.
Month. Not., vol. x. p. 124, March 1850 ; t Quilines of Ast., p. 658.
vol. xi. p. 132, March 1851; and vol. & Ilist. Nat., lib. ii. cap. 26.
xiv. p. 16, Nov. 1853. Observations by
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the Aurora. Otherwise the historian Nicephoras must be regarded
as the first to record the existence of this phenomenon. After
describing the capture of Rome by Alaric in 410 A.D., he says:—
“There then happened an eclipse of the Sun, during which the
obscurity was so great that the stars appeared in broad daylight.
. . .. There was seen at the same time in the sky, with the Sun
eclipsed, and above him, a singular light, which in shape was like
a cone, and which some ill-informed persons took to be a comet,
but it had no star which could serve as a nucleus. It was rather
a species of flame which subsisted by itself like a great lamp,
whence there was diffused a light very different from that of the
stars. . . . The position and movement of fhis object changed from
time to time. It was at first placed in that part of the sky where
the Sun rises at the vernal equinox; then it seemed to recline
along that portion of the zodiac which answers to the last star
in the Great Bear, always with its apex towards the west. After
it had thus journeyed along the zodiac for more than 4 months it
disappeared. Its summit became sometimes sharper, and gave it
a form more oblong than that of a cone; after which it became
shortened, and regained its former proportions. It had also other
extraordinary forms, and resembled no known phenomenon. It
commenced to shew itself in the middle of summer and lasted till
the end of autumnb.”

The Zodiacal Light was treated of by Kepler; afterwards by
Descartes, about the year 1630 ; and then by Childrey, in 1659 1;
it was not, however, till J. D. Cassini, who saw it first on March
18, 1683, published some remarks on this phenomenon that much
attention was paid to it k.

In the year 1855, the Rev. G. Jones, Chaplain of the U. S.
Steam-Frigate « Mississippi,” published some remarks on this phe-
nomenon!, as brought under his notice during a cruise round the
world in the 2 preceding years. He states: “I was also fortunate
enough to be twice near the latitude of 23° 28 north, when the

In the Month. Not.,

" Niceph., Hist. Eccles., lib. xiii., quoted
in Boillot’s Traité d’' Astronomie, p. 157.

\ Natural History of England, 1659.
Brit. Bacon., p. 183. 1661.

¥ Anc. Mém. de I'Acad. des Sciences,
vol. viii. p. 121.

! Gould’s Astronomical Journal, No.

84, May 26, 1855.
vol. xvil. pp. 204-5, May 1857, are some
distrustful remarks on this communica-
tion, to which the reader should refer,
and at p. 47 is some account of J. F. J.
Schmidt’s work on the Zodiacal Light.
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Sun was at the opposite solstice, in which position the observer has
the ecliptic at midnight at right angles with his horizon, and bear-
ing east and west. Whether this latter circumstance affected the
result or not, I cannot say; but I there had the extraordinary
spectacle of the Zodiacal Light simultaneously at both East and
West horizons from 11 to 1 o'clock for several nights in suc-
cession.”

Mr. Jones concludes his very interesting letter as follows :—
“ You will excuse my prolixity in stating these varieties of ob-
servations, for the counclusion from all the data in my possession
is a startling one. It seems to me that those data can be ex-
plained only by the supposition of a nebulous ring with the Earth
Jor its centre, and lying within the orbit of the Moon™.”

On the publication of the foregoing, Humboldt transmitted to
the Berlin Academy™ some unpublished observations made by him
at sea in March 1803, to-the effect that on one or two oceasions
he also saw a 27 light in the East contemporaneously with the
principal beam in the West; he, however, #hen thought that the
2™ light was merely due to reflection. He concludes by saying
that “ the variations in the brightness of the phenomenon cannot,
according to my experience, be accounted for solely by the con-
stitution of our atmosphere. There remains much still to be
observed relative to the subject.”

Jones seems in one sense to have been anticipated in his “ double
end ” view of the Zodiacal Light, as will appear from the following
extract, which is here cited for a twofold purpose :—

“The two extremities of the Zodiacal Light may be seen on the
same night about the time of the solstices, particularly the Winter
solstice, when the ecliptic makes, night and morning, nearly equal
angles with the horizon, and these are sufficiently great to allow
a considerable portion of the points of the light to appear above the
line of the twilight. It is thus that it was observed by Cassini
on Dec. 4, 1687, at 6" 30™ p.m. and 4 40™ a.m. the following
morning °.”

The most extensive recent observations on this subject which are

m See Jones’s original memoir in vol. demie der Wissenschaften, July 18s55.
iii. of the 4to. ed. ot the U.S. Exploring = Month. Not., vol. xvi. p. 16. Nov. 1855.
Exgedition Narrative. (Washington 1856.) o J. R. Jackson, What to Observe, 2nd

v Monatsbericht der kon. Preuss. Aka- ed. p. 106.
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of value are those made in the years 1869-71 by Captain Tupman
in the Mediterranean. He confirms on many points previous ob-
servers, but contradicts them on one point very important. He
asserts that the plane of the Light does not pass through the Sun.
He also remarks having noticed great want of uniformity in the
position of the axis of symmetry with respect to the ecliptic. In
August and September the axis is frequently inclined as much as
20° to the ecliptic, whilst in the winter it is sensibly parallel to the
ecliptic ?.

On December 19 and 20, 1870, when in Sicily, whither he had
gone to observe the solar eclipse, Mr. A. C. Ranyard and some
friends (Secchi amongst them) examined the Zodiacal Light through
a Savart polariscope. His main conclusion is, that the Zodiacal
Light consists of matter which reflects the Sun’s licht. He adds,
that such matter either (1) exists in particles so small that their.
diameters are comparable with the wave “lengths of light, or (2) is
matter capable of giving specular reflectiond.

Some recently published observations by Birt are not unworthy
of attention. They were made chiefly in 1850, though a few of his
notes refer to April 1871. Birt draws attention to two special
points :—(1) The fact that the greater portion of the Light always
lies to the N. of the ecliptic ; and (2) That comparing the shape of
the cone of light month by month from February to April it be-
comes progressively more and more blunt, so much so “as to lead
to the suspicion that we view the phenomenon differently as the
Earth advances in her orbit from the point at which we beheld it

in the winter months*.”

» Month. Not., vol. xxxii. p. 74. Jan. 1871.
1872. r Month. Not., vol. xxxi. pp. 177-82.
9 Month. Not., vol. xxxi. p. 171. March  April 1871.
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CHAPTER IX.

MARS. &

Period, d:c.—Phases.—Apparent motions.—Its brilliancy.—Telescopic appearance.—
Its ruddy hue—Polar snow.—Axial rotation.—The seasons of Mars—Its
atmosphere~—Has Mars a Satellite :-—Ancient observation of Mars.—Tables of
Mars.

MARS is the first planet exterior to the Earth in the order of
distance from the Sun, and, as we shall presently see, bears
a closer analogy to it than do any of the other planets.

Mars revolves round the Sun in 686¢ 23% 30™ 41°%, at a mean
distance of 139,312,000 miles, which an orbital eccentricity of 0093
may augment to 152,284,000 miles, or diminish to 126,340,000
miles. The apparent diameter of Mars varies between 4°1”" in con-
junction and 30°4” in opposition ; and owing to the great eccen-
tricity of the orbit of Mars its apparent diameter as seen from the
Earth will vary much at different oppositions. The diameter at
mean distance of the planet from the Earth being 728" (Le Verrier),
the real diameter is about 4000 miles. Very varying results have
been arrived at as to the compression of Mars. Sir W. Herschel
gave it at % ; Schroter contradicted this, and asserted that it
must be less than g4 ; Bessel merely decided that it was too small
for measurement with his great heliometer at Konigsberg?; Arago
from Paris observations extending over 36 years (from 1811 to
1847) deduced 5. Hind considers that 2, and Main that 4 is
not very far from the truth. Kaiser’s 111 confirms Schréter.

Mars exhibits phases, but not to the same extentas the inferior
planets. In opposition it is perfectly circular; hetween this and
the quadratures it is gibbous; and at the minimum phase, which

2 See his memoir in A4st. Nach., vol. xxxv. p. 351. Dec. 17, 1852.
H



Cofs

)
4 ~
oad




Cuare. IX ] Mars. 97

CHAPTER IX.

MARS. &

Period, &c.—Phases.—Apparent motions.—Its brilliancy.— Telescopic appearance.—
Its ruddy hue—~—Polar snow.—Axial rotation.—The scasons of Mars.—Its
atmosphere.—Has Mars a Satellite!—Ancient observation of Mars.—Tables of
Mars.

MARS is the first planet exterior to the Earth in the order of
distance from the Sun, and, as we shall presently see, bears
a closer analogy to it than do any of the other planets.

Mars revolves round the Sun in 6862 232 g30™ 41% at a mean
distance of 139,312,000 miles, which an orbital eccentricity of 0'093
may augment to 152,284,000 miles, or diminish to 126,340,000
miles. The apparent diameter of Mars varies between 4'1” in con-
junction and 30°4” in opposition ; and owing to the great eccen-
tricity of the orbit of Mars its apparent diameter as seen from the
Earth will vary much at different oppositions. The diameter at
mean distance of the planet from the Earth being 47:28” (Lie Verrier),
the real diameter is about 4000 miles. Very varying results have
been arrived at as to the compression of Mars. Sir W. Herschel
gave it at % ; Schroter contradicted this, and asserted that it
must be less than ¢ ; Bessel merely decided that it was too small
for measurement with his great heliometer at Konigsberg®; Arago
from Paris observations extending over 36 years (from 1811 to
1847) deduced z;. Hind considers that 2, and Main that +; is
not very far from the truth. Kaiser’s 1} confirms Schroter.

Mars exhibits phases, but not to the same extent:as the inferior
planets. In opposition it is perfectly circular; between this and
the quadratures it is gibbous; and at the minimum phase, which

» See his memoir in Ast. Nach., vol. xxxv. p. 351. Dec. 17, 1852.
H
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occurs at the quadratures, the planet resembles the Moon 3% from
the full. The character of these phases is a sufficient proof that
Mars shines by the reflected light of the Sun. The phases of
Mars were discovered by Galileo, who on Dec. 30, 1610 wrote to
Castelli, «“ I dare not affirm that I can observe the phases of Mars ;
however, if I mistake not, I think I already perceive that he is not
perfectly round.”

After conjunction, when Mars first emerges from the Sun’s rays,
it rises some minutes before the Sun, and has a direct or Easterly
motion ; but since this motion is only half that of the Earth in the
same direction, Mars appears to recede from the Sun in a Westerly
direction, notwithstanding that its real motion among the stars is
towards the East. This continues for nearly a year, and ceases when
its angular distance from the Sun amounts to + 137°; then for a few
days it appears stationary. After that, its motion becomes retro-
grade, or Westerly among the stars, and continues so until the
planet is 180° distant from the Sun, or in opposition, and conse-
quently on the meridian at midnight. At this period its retrograde
motion is swiftest; it afterwards becomes slower, and ceases alto-
gether when the planet is again at a distance of about 137° on the
other side of the Sun. Its motion then again becomes direct, and
continues so, till once more the planet is lost in the solar rays,
when the phenomena are renewed, but with a considerable difference
in the extent and duration of the movements. The retrogradation
commences or finishes when the planet is at a distance from the
Sun which varies from 128° 44’ to 146° 37, the are described being
from 10° 6’ to 19° 35 ; the duration of the retrograde motion in
the former case is 60 182, and in the latter 8o 152, The period
in which all these changes take place, or the interval between one
conjunction and one opposition, constitutes the synodical period,
which amounts to 780%. Mars and the Earth come nearly to the
same relative position every 237 ; but several centuries elapse before
precise coincidence occurs®.

Mars when in opposition is a very consplcuous object in the
heavens, shining with a fiery red light, which from its striking
character has led to the planet being celebrated throughout the
historic period. It received from the Jews on this account an

b Smyth, Cycle of Celest. Objects, vol. i. pp. 151-2,—abridged.
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epithet equivalent to ¢blazing,’ and the Greek one (mvpdeis) bears
much the same meaning. Its name or epithet in many other
languages is substantially the same.

Its synodic period being 780 days, it comes to opposition, and
therefore attains its (general) maximum brilliancy, once in rather
more than 2%. When in perihelion and in perigee at the same time,
which occurs once in 4 synodical revolutions (87 4™ about), Mars
shines with a brilliancy rivalling that of Jupiter. In August

Fig. 40.

Mags, April 18, 1856. (Brodie.)d

1719, the planet being only 23° from perihelion, its brightness was
such as to cause a panic®.

With suitable optical assistance, Mars is found to be covered
with dusky patches, which have been supposed, and with good
reason, to be continents analogous to those of our own globe:
these are of a dull red hue; other portions, of a greenish hue, are
believed to be tracts of water. The ruddy colour, which, over-

<< De Zach, “Corr. Astronomique, vol. a4 Month. Not., vol. xvi. p. 205. June
ii. p. 293. March 1819. 1856.

H 2
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powering the green, gives the tone to the whole of the planet, was
believed by Sir J. Herschel to be due to “an ochrey tinge in the
general soil, like what the red sandstone districts on the Earth may
possibly offer to the inhabitants of Mars, only more decided ¢.” In
a telescope Mars appears less red than to the naked eye, and ac-
cording to Aragof the higher the power the less the intensity of
the colour. Webb writes :—¢ The disc when well seen is usually
mapped out in a way which gives at once the impression of land
and water : the bright part is orange,—according to Secchi, some-
times dotted with red, brown, and greenish points. Beer and
Midler think it much less red than to the naked eye; the darker
spaces, which vary greatly in depth of tone, are of a dull grey-
green (or, according to Secchi, bluish), possessing the aspect of a
fluid absorbent of the solar rays. If so, the proportion of land to
water on the Earth is reversed on Mars; on the Earth every con-
tinent is an island ; on Mars all seas are lakes; so that the habit-
able area may possibly be much more alike than the diameter of
the planets. From the different distribution of the water (if such
it be) long narrow straits are more common than on the Earth.
Dawes has observed a singular forked shading as if of 2 great con-
tiguous estuaries 8.”

One point of contrast there is between Mars and the Earth.
‘Whereas on the Earth the proportion of water to land is about
11 to 4, on Mars the proportions are probably about equal. It is
to be noted also that the water on Mars is for the most part dis-
posed in long narrow channels ; of wide expanses of water, such as
our Atlantic Ocean, there are few,

In the vicinity of the poles brilliant white spots may be noticed,
which are now considered by astronomers to be masses of snow—an
idea which is materially strengthened by the fact that they have
been observed to diminish when brought under the Sun’s influence
at the commencement of the Martial summer, and to increase again
on the approach of winter.

The observation of these white patches appears to date from the
middle of the 17th century, for they seem to be noticed in a figure
of the planet by Huyghens; Maraldi, in 1704, first gave specific

e Qutlines of Ast., p. 339.

f Pop. Ast., vol. ii. p. 480. Eng. ed.
g Celeet. Objects, p. 130.
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representations of them. Sir W. Herschel®, who discovered the
circumstances attending their variation in size, found that they-were
not always precisely opposite, both being sometimes visible or invi-
sible at the same time. Madler noted the S. polar spot to undergo
greater changes of magnitude than the Northern one, an observation
harmonising with the fact that it experiences a greater variety of
climate from the eccentricity of the planet’s orbit. The same ob-
server found (and herein he is confirmed by Secchi) the N. patch
concentric with the planet’s axis, but the S. one considerably
eccentric, which agrees substantially with Sir W. Herschel’s ob-
servation. It is not easy to understand why they are not exactly
opposite ; if both were equally removed, and in opposite directions,
from the poles of rotation, it would occur, as with the Earth, that
the poles of cold differed from those of rotation, but the subsisting
facts are inexplicable.

Spots on the body of Mars led at an early period to attempts
being made to ascertain the period of its axial rotation. J. D. Cas-
sini, in 1666, found this to be effected in 24" 40 ; Hooke i, working
contemporaneously, was unable to decide between 12" and 24®.
The most recent observations resting on a prolonged basis are those
of Mddler¥, who fixed the time of revolution at 24" 37= 23%,—a
result which singularly accords with Cassini’s, and says much for
the accuracy and skill of the astronomer of Bologna. Drawings by
Hooke and by Huyghens more than 200 years old connected
with modern observations led Kaiser to fix the period of Mars at
24> 37™ 22°62%, which Proctor corrects to 24 37™ 22-71%. Sir W.
Herschel’s figures were 24® 39™ 21°67%; he stated, though on
wholly insufficient data, that the obliquity of the ecliptic on Mars
was 28° 42'—an angle so close to that which obtains for the Earth,
as, if confirmed, to warrant us in asserting that the seasons of Mars
are not materially different from our own.

The Martial year consists of 668 Martial days and 16 hours, the
Martial day being longer than the terrestrial in the proportion of
100 to 97. Owing to the eccentricity of the planet’s orbit, the
summer half of the year in the Northern hemisphere consists of 372
days, the winter half being 296 days long. As a matter of course,

B Phil. Trams., vol. Ixxiv. p. 2 ef seq. k Ast. Nach., vol. xv. No. 349. April
1984. 7, 1838.
i Phil. Trans., No. 14.,
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the reverse state of things prevails in the Southern hemisphere ;
there. the winter half-year consists of 372 days and the summer of
296 days. Nevertheless, although the extremes of temperature
may, and probably do, differ widely in the two hemispheres, the
mean temperatures of each may possibly differ but little. The
duration of the seasons in Martial days in the Northern hemisphere
is as follows :—Spring 191, summer 181, autumn 149, winter 147.
For the Southern hemisphere we must reverse the seasons: this
being done, it will appear that spring and summer taken together are
76 days longer in the Northern hemisphere than in the Southern.

The observations of Cassini led to the belief that Mars possessed
a very extensive atmosphere : this has not been confirmed, and it is
now only admitted that Mars has an atmosphere which is mode-
rately dense. Sir J. South, who paid much attention to this sub-
Ject, states that he has seen one star in contact with the planet and
2 occulted without change; thus overthrowing an opinion which
resulted from an assertion of Cassini’s that y Aquarii (a star of the
5™ mag.) on one occasion, in Oct. 1672, disappeared in a 3-feet
telescope when 6’ from the planet’s limb.

As far as we know, Mars possesses no satellite, though analogy
does not forbid, but rather, on the contrary, leads us to infer the
existence of one; and its never having been seen, in this case at
least, proves nothing. The 2™ satellite of Jupiter is only &5 of
the diameter of the primary, and a satellite 75 of the diameter
of Mars would be less than 100 miles in diameter, and therefore of
a size barely within the reach of our largest telescopes, allowing
nothing for its possibly close proximity to the planet. The fact
that one of the satellites of Saturn was only discovered a few years
ago renders the discovery of a satellite of Mars by no means so
great an improbability as might be imagined.

The want of a satellite has prevented anything more than an
approximation having been arrived at of the mass of Mars: Burck-
bardt made it gz4gizzr of the Sun, Delambre 553554, Méadler
5o and Le Verrier yg3isgy. Airy has inferred from his
researches on the solar theory that Delambre’s estimate should be
diminished in the ratio of 22 to 15. It is so far fortunate, Grant
remarks, that the disturbing effects of this planet are so insigni-
ficant as to dispense with the necessity of extreme accuracy.

“The most ancient observation of Mars that has come to our
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knowledge is one reported by Ptolemy in bis Almagest (lib. x.
cap. 9). Itis dated in the 52°? year after the death of Alexander
the Great, and 476 of Nabonassar’s era, on the morning of the
21t of the month A4¢4ir, when the planet was above but very near
the star 8 in Scorpio. The date answers to B.c. 272, Jan. 17, at
18" on the meridian of Alexandria. An occultation® of the planet
Jupiter by Mars on Jan. g, 1591, is recorded. Such a phenomenon
would be extremely interesting if viewed with the powerful tele-
scopes so common at the present day =.”

In computing the places of Mars the tables of Baron De
Lindenau, published in 1811, were generally used until recently,
but they were superseded in 1861 by the more perfect tables of
Le Verrier™®.

! Inasmuch as the apparent diameter be “a transit of Mars across Jupiter,” &c.
of Mars is (except under rare circum- m Hind, Sol. Syst., p. 79.
stances) less than that of Jupiter, the n Annales de UObservatoire de Paris,
more correct expression would probably  Mém. vol. vi. Paris 1861.
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CHAPTER X.

THE MINOR PLANETSe,

Sometimes called Ultra-Zodiacal Planets.— Summary of facts.— Notes on Ceres.—
Pallas—Juno.— Vesta.—Olbers’s theory.—History of the search made for them.—
Independent discoveries—Progressive diminution in their size.

ETWEEN the orbits of Mars and Jupiter there is a wide
interval, which, until the present century, was not known
to be occupied by any planet. The researches of late years, as
previously intimated in Chapter II., have led to the discovery
of a numerous group of small bodies revolving round the Sun,
which are known as the Minor Planets®, and which have received
names taken at the outset chiefly from the mythologies of ancient
Greece and Rome, but in recent years from all sorts of sources,
many names being most fantastic and ridiculous.

These planets differ in some respects from the other members
of the system, especially in point of size, the largest being probably
not more than, even if so much as, 200 miles or 300 miles in
diameter. Their orbits are also, as a general rule, much more in-
clined to the ecliptic than the orbits of the major planets, whence
they are sometimes termed the Ultra-Zodiacal Planets.

It is needless to give any detailed account of each, but a short
summary may not be out of place.

& The use of symbols has been discon- by Sir W. Herschel, has nearly fallen

into disuse.

tinued, except for the fonr early ones, as
follows : Ceres g, Pallas 1, Juno ¥,
Vesta (¥; and even these are becoming
obsolete.

b The old name of asteroids, proposed

Nothing could be more in-
appropriate than such a designation;
planetoids would have been better. How-
ever, minor planets is preferable to
either.



Caar. X.] The Minor Planets. 105

The nearest to the Sun is Flora, which revolves round that
luminary in 1193% or 3}{¥, at a mean distance of 201,274,000
miles.

The most distant is Freia, whose period is 2299%, or 637, and
whose mean distance is 311,713,000 miles.

The least eccentric orbit is that of Lomia, in which € amounts to

only 0'023.
The most eccentric orbit is that of Ztkra, in which ¢ amounts
to o-381. :

The least inclined orbit is that of Massilia, in which ¢ amounts
to o° 41'.

The most inclined orbit is that of Pallas, in which  amounts to
34° 42"

The brightest and, presumeably, largest planet is Vesta. Lamont
has assigned the place of honour to Pallas and given it a diameter
of 670 miles, but this value is not to be relied on.

The faintest cannot be specified.

The more recently discovered planets are all so small that it is
impossible to say which is the smallest.

It has been thought that many of the minor planets are variable
in their light.

Several of the minor planets have been found only to be lost again,
and their positions cannot now be determined. Included in this
category are Sylvia, Dike, and Camilla. Others (e.9. Lydia) have
been found again after being lost.

Under favourable circumstances Ceres has been seen with the
naked eye, having then the brightness of a star of the 7% mag-
nitude ; more usually, however, it resembles an 8% magnitude
star. The light is somewhat of a red tinge, and some observers have
remarked a haziness surrounding the planet, which has been at-
tributed to the density and extent of its atmosphere. Sir W. Her-
schel once fancied that he had detected 2 satellites accompanying
Ceres ; but its mass can scarcely be sufficient for it to retain satel-
lites around it large enough to be visible to us. Pallas, when nearest
the Earth in opposition, shines as a full #** magnitude star, with a
decided yellowish light. Traces of an atmosphere have also been
observed. Juno usually shines as an 8 magnitude star, and is of
a_reddish hue. Festa appears at times as bright as a 6t magni-
tude star, and may then constantly be seen without optical aid,
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as was the case in the autumn of 1858. The light of Vesta is
usually considered to be a pure white, but Hind considers it a pale
yellow e,

The orbits most nearly alike are those of Fides and Maia, and
Lespiault has remarked that when at their least distance from
each other these planets are separated by a space which only
amounts to 5% of the radius of the Earth’s orbit, or about 43 mil-
lions of miles.

Sir J. Herschel remarks:— A man placed on one of the minor
planets, would spring with ease 6o feet, and sustain in his descent
no greater shock than he does on the Earth from leaping a yard.
On such planets giants might exist; and those enormous animals
which, on Earth, require the buoyant powers of water to counteract
their weight, might there be denizens of the land4.” But to such
speculations there is no end.

Respecting the past history, so to speak, of the minor planets,
little can be said. Olbers, in calculating the elements of the
orbit of Pallas, was foreibly struck with the close coincidence
he found to exist between the mean distance of that planet and
Ceres. ~He then suggested that they might be fragments of
some large planet which had, by some catastrophe, been shivered
to pieces. When this theory was started it appeared a not wholly
improbable one, but the discoveries of late years have entirely ex-
ploded it°. Nevertheless, a very close connection does apparently
exist between these minute bodies, and on this subject D’Arrest
writes :— One fact seems above all to confirm the idea of an inti-
mate relation between all the minor planets; it is, that, if their
orbits are figured under the form of material rings, these rings will
be found so entangled, that it would be possible, by means of one
among them taken at hazard, to lift up all the rest.”

The circumstances which led originally to a search for planetary
bodies in the space intervening betwen Mars and Jupiter, were-
these. In the year 1800, 6 astronomers, of whom Baron De Zach
was one, assembled at Lilienthal, and there resolved to establish a

¢ Sol. Syst.. p. &s. how diverse their subsequent paths might

4 Qutlines of Asl., p. 352. be) must, if continuing to revolve round

° It may be shewn mathematically, the Sun, always pass through the point at
that if the disruption of a large planet  which the explosion occurred, at one part
ever did occur, its fragments (no matter  of their orbits.
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society of 24 practical observers, to examine all the telescopic stars
in the zodiac, which was to be divided into 24 zones, each con-
taining one hour of Right Ascension, for the express purpose of
searching for undiscovered planetsf. They elected Schriter their
president, and the Baron was chosen their secretary.  Such organ-
isation was ere long rewarded by the discovery of 4 planets, but as
no more seemed to be forthcoming, the search was relinquished in
1816.

It does not appear that any further labours in this field were
prosecuted for some years, or till about the year 1830, when M.
Hencke, an amateur of Driesen in Prussia, commenced to search
for small planets, with the aid of the since celebrated Berlin Star
Maps which contain all stars up to the ¢ or 10*® magnitudes
lying within 15° of the equator. It is evident that a non-stellar
body is much more likely to attract the notice of an observer pos-
sessing and using maps of this kind than of one not so provided, as
a change of position virtually tells its own tale with comparatively
little trouble to the'astronomer. This series of maps, one for each
hour of R. A., was only completed in 1859 ; therefore when Hencke
commenced he had only a few at his command, and 15 years
elapsed ere his zeal and perseverance produced any result: but
when once one planet was found, the discovery of others quickly
followed.
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