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GENERAL SUMMARY OF CONTENTS

or

VOLS. III. AND IV. OF COSMOS.

g:eeial results of Oburvatmn in the d in of Cosmical Ph —
Introduction.

Retrospect of the subject. Nature considerea \mder a two-fold aspect:
in the pure objectivity of external phenomenn, and in their inner reflection
in the mind.—A s\gmﬁuunt lassification of p leads of itself to
their casual let in the tion of details is,
not intended, at least in the npresentntmn of the reflected picture of
nature under the influence of the creative power of imagination.—Besides
an actual or external world, there is produced an ideal or an inner world:
filled with physical lymbnhc myths, different according to race and cli-
mate, bequeathed for centuries to subsequent generations, and clouding a
clear view of nature.~—Fundamental impesfectilility of the know ledge of
eosmmn.l phenomena. The discovery of empirical laws, the insight into the

of phenc description of the universe, and theory
@f the universe. — 1low, by means of existing things, a small part of their
genetic history is laid open.~—Different phases of the theory of the uni-
verse, attempts to comprehend the order of nafure.—Most ancient fune
damental conception of the Hellemc mind : physmlogxe phantasies of the
Tonian school, germs of the plation of nature. Double
direction of the explanation of nutnrnl phenomena, by the sssumption of ma-
terial principles (elements), and by processes of rarefaction and condensa- .
tion. ~ Centrifugal revolution. Theories of vorticés. The Pythugoreans;_°
. philosophy of meusure and harmony, col t of a atical
trent'ment of physical phenomena. —The order and government of the
universe according to the physical works of Aristotle. The comuanﬁmg .
d‘ motion considered as the cause of all ph ; the tend of the:
Aristotelean school but little directed to the opinion of the halawaua‘ly'
{%f ematter.—This species of n¥ural philosophy bequeathed in fundamentat.
‘idess and form to the Middle A Ages. Roger Bacon, the Mirror of.
‘Wature of Vincents of Beauvais, Liber Coemographicus of Albertus
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Miigins, Fmago Mundi of the Cardinal Pierre d’Ailly.—Progress through
‘Glordano Bruno and Tel%o.—Clearness in the conceptions of gravifation
' és mass attraction, by Copernicus.—First attempt at a mathematical dppli-
- gdtion of the doctrigmof yravitation, by Kepler.—The work on the Cogmos
"y Descartes (TraWdu Monde) nobly undertaken, did not “appear untii
" Jong after his death, and only in fragments; the Cosmotheoros of Huygens,
- unworthy of the great name.—Newton, and his work Philosopkie Netu-
.waliz Prineipia Mathematica.—Endeavour towards a knowledge of the
universe ns a Whole. 1Is the problem solvable of tracing back to one
principle ull physical knowledge, from thc law of gravitation to thy 4or--
mative activities in the organic and animated bodies? What hag.been
discovered does not by a long way exhuust the d:scoverable. The imper-
fectibility of empiric investigation makes the problem of explainirg the
changeability of matter from the forces of matter an indefinite one,

A. Uravorogrcarn Porrion of the Physical Description pf the
Universe, pp. 29—32.
Two sections, one of which comprises the heaven of fixed starl';
the other, our solar system, p. 29,

a. AsTroGNoOsY ; Heaven of the fixed stars.

1. The realms of space, and conjectubes regarding that which
appears to occupy the space iutervening betwven the heavenly
bodies, pp. 29--50. :

11, Natural and telescopic vision, pp. 51—96 ; Scintillation of the
stars, 99—111; Velocity of light, pp. 111—119; Results of
photometry, pp. 119—137.—~Order ot the iixed stars according
to their luminous iutensity. :

III. Number, distribution, and colour of the fixed stars, pp, 138
188 ; Stellar clusiers (stellar swarms), pp. 188—193; The
Milky Way interspersed with 8 few sebulvus spots, pp. 198—203,

1V. .New stars, and stars that have vinished, pp. 204—217; Va-
riable stars, whose recurring periods have been determined, pp.
217—240; Variations in the intensity of the Zight of stars
whose periodicity is as yet uninvestigated, pp. 240—247,

V. Proper motion of thefixed stars, pp. 248—252 ; Problematical
existence of dark cosmical bodies, pp.'252—255; Parallax—
measured distances of some of the fixed stars, pp. 255—264 ;
Doubts as to the assumption of a central body for the whols
sidereal heavens, pp. 264-—270. ' :

V1. Multiple, or double stars—Their number and reciprocal dis.
tances,—Period of revolution of two stars round a common

_ oentre of gravity, pp, 271—289. '

.VIL Nebulous spots.—Are these only remote and very demse

claiters of stas —Tlhie two M o Clouds, in which crowged



OF CONTENTS, ' ﬂi “

:
[}

. aabu‘lcus gpots are interspersed with numerous stelhr swarmi* g
The so-called black spots (Coal-sucks) .of the Southern heuwi.
!phere, PP 291—350.

B SoLen ReGIox,-pp. 351—466.
1. The Sun considered as the ¢entral body, pp. 359—401.
I1. The Planets, pp. 402—466.
A. General consideration of the planetary world, pp. 402—466.
a. Principal Planets, pp. 403—462.
b. Secondary Plavets, pp. 462—460.

B. Special enumeration of the planets end their moczs as parts
of the solar system, p. 467,

Sun, pp. 467—470.

Mercury, pp. 470—473.

Venus, pp. 473—476.

Earth, pp. 476, 477.

Moon of the Esrth. pp. 477—502,

Mars, p. 502—504.

The small planets, p. 505 ; Flora, Victoria, Vesta, Iris,
Metis, Hebe, Parthenope, Astraca, Egeria, Irens, Luno-
mia, Juno, Ceres, Pallas, Hygeias

Jupiter, pp. 511—515.

Satellites of Jupiter, pp. 515—017,

Saturn, pp. 517—522.

Satellites of Saturn, pp. 525, 524,

‘Uranus, pp. 524 —520.

Satellites of Uranus, pp. 526, 527.

Neptune, pp. 527-—530.

Satellites of Neptane, pp. 531, 5.»..

1II. The comets, pp. 553—5G0
1V. Ring of the zodiacal light, pp. 561—565. .

V. Shooting stars, fire-bulls, meteoric stoncs, pp. 566—593.
Conelusion, pp. 597—601.
Corrections and additions to vol. ii. p. xiif,
Index.

ﬁpretal analysis of the individual seclions qf the a.stranomiul pat-
Qf the Cosmos, R .

¢, ASTROGNGSY. ’ _

L. Cosmical space :—Only ieolated portions are memmblo » 34.-

- Ruhﬁn; meedium, oelestiil atmosphere, cosmical etber, p,. .85, notes
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"1§-18.—Radiation of heat by the stars, p. 42, note 26.—Temperature
of space, pp. 44—47.—Limited transparency? p. 46.—Regularly de.
creased period of revolution of the Comet of Encke, p. 47.—Limitation
of the atmosphere ? p. 49, )

" 1. Natural and telescopic visions—Very different sources of light
resent gimilar relations of refraction, p. 54.—Different velocities of the
ight of ignited solid bodies and that of frictional electricity, p. 56.—

Position of the Wollastonian lines, p. 56.—Influence of tubes, p. 53.—~

“ Optical means of distinguishing between direct and reflected light, ﬁ

- mportance of the means to physical astromomy, p. 56.—Limf.s

ordinary vision, p. 60.—Imperfection of the organ of vision ;» false
dismeter of the stars, p. 66.—Influence of the form of an object, upon
the minimam visual angle in experiments as to visibility; necessity of a
difference of luminous intensity of ¢, ; visibility of distant objects, positively
and negatively, pp. 61-—72.—On the visibility of stars by day with the
maked eye from wells or upon lofty mountains, p. 72.—A feebfe Iight
by the side of a stronger, p. 61, note 15.—Extending ray and star tails,
p. 65.—On the visibility of the satellites of Jupiter by the naked eye,
p. 64.—Undulation of the stars, p; 77.—~Commencement of telescopic
vision; application to measurement, pp. 78—81.—Refractors of great
length, p. 81.—Reflectors, p. 82.—Day observations ; how strong .mag-
nifying powers facilitate the finding of the stars by day, p. 87.—Ex-
planation of the sparkling and scintillation of the. stars, p. 96.—Velotity
of light, pp. 105—118.— Order of magnitude of the stars; photomettic
relations and methods of measurement, pp. 119—132.—Cyanometer,
p. 129.—Photometric order of the fixed stars, pp. 132—137. '

. XII, Numbeny distribution, and colour of the fized stays; Stellar
elusters and the Milky Way:—States of the sky which hinder or favour
the detection of stars, p. 138,.—Number of the stars; how many may he
.seen with the naked eye, p. 140.—How many have been inserted im
stellar charts with determinations of position, p. 145.— Conjectural
estimation of the number of stars which can be visible in the entire
heavens with our present power:d of penetrating space, p. 141.—Con-
templative astrognosy of uncivilized people, p. 147.—The Grecian sph

p. 159,—The crystal sky, p. 164.—False diameter of the fixed :I:gr:?l;
telescopes, p. 174.— Smallest objects in the heavens which have yet been
soen, p. 175.—Difference of colours in the stars, and the changes which
have taken place in the colours since antiquity, p. 175.—Sirius (Sofhis)
p. 178.~The four royal stars, p. 184.—Gradual acquaintance with
Southern heaven, p. 185.—Distribution of the fixed stars, laws of relativa
sccumulation, gauging, p. 187.—~Clusters and swarms of stars, p. 189.
The Milky Way, p. 193, . L
>~ TV. Stars #hat Bave newly appeared and disappeared; mﬁabk'ciafh
.and changes in the intensily of their light whose periodicity hes. not Yyen
dnpeetignted (—New stars in the lasb 2,000 years, p. 204— Periodically
‘chisageable stars; Historical particulars, p. 203.— Colour, p, 28,
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Numbtr. . 222,—Order reeo igable in apparent irregularityi grest’
dtﬂmndupof brightness; penodl within periods, p. 226.—Argelande#s
table of the variable stars with commentary, p. 232.—Variable stars in
nndetemmed periods (n Argls, Capella, stars of the Urse Major and
Minor), P 246.—Reference to the poasible chunges of temperature on
the Euarth’s surface, p. 246.

V. Proper motion of the fixed glars, derk cosmical bodies, pavallax;
donlts as to the assumption of a central body for the entire heaven of
Food stare:—Change of the physiognomy of the sky, p. 248.—Amount
.of tik. proper motion, p. 251.—Evidence in favour of the probable
existeiice of non-luminous bodies, p. 253~Parallax and measurement
of thy distance of some fixed stars from our solar system, p. 255.—
The sberration of light may be applied to the determination of the parale
lax of double stars, p. 264. The discovery cf the proper motion of the
fixed |ta.rs has led to the knowledge of the motion of Gur own solar

m} and even to the knowledge of the direction of this motion,
pp. 251 and 264, —Problem of the situation of the centre of gravity of
::l who;e heaven of fixed stars and ccutral suns? p. 267, and note 38

39.

VI. Double stars, period of revolution of two suns round a common
eentre of gravily :—Optical and physical double stars, p. 272 ; number,
P. 273, —Uniformity and difference of colour; the latter not the conse.
-quence of optical deceplion, of the contrast of complementary colours,
E 242, notes 15—21.—Change of brightness, p. 285.—Maultiple com.

binations (three to six fold), p. 285.—Calculated orbitual elements, half
. major axis and period of rotation in years, p. 289,

VII. Nebule, Magellonic Clouds, and Coal-sacks:—Resolvability of
the nebulee; questions as to whether they are all remote and crowded
clusters of stars? p. 291 (note 25 and 26),—Historical particulars, p. 293
hlote 44).—Number of nebule whose positions are determined, p- 309 -
{notes 35 and 36).—Distribution of nebul and clusters of stars in the
northern and southern hemispheres, p. 311; spaces poor in nebule, and
the maxima of accumulation, p. 312, and note 41.—Configuration of .
nebulee: spherical, annular, spiral, and planetary nebule, p. 317 ~~Nebuls
(cluster of stars) in Andromeda, pp. 295—318 (note 46); nebula in Orion's
sword, pp. 297—329 (notes 12, 27, 61, 63, 67, and (8); large nebula .
round n Arglls, p. 531; nebula in Sagittarius, p. 333; nebula in Cygms -
aiid Vulpes; spiral nebula in the northern Canes Venatici, p. 323.—The .
two‘ghgelhmc Clouds, p. 335, (note 88). —Bl.uzk sgots or Coal-udas
’l L I . “

Lo B Tbe Solar vegion; planets and their moons, ring qf tlu :adiqul‘
&, Yight, and awarms of meteor-asteroids, p. 351—401.

L, The Sun considered as @ central body :—Numerical dltl,
{noto 4—6).— Physical constitation of the surface; envelopes of tio dl?k
wolir globe; Sun-spots, facule, p. 862~Diminutions in the deylight’
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resorded by the annalists; problematis obseurations, p. 370 (nots 22).—
Intensity of the light in the centre and at the edge of the Sun’s dise
p. 387 (note 24, 25) —Correlation of light, heat, electricity, and mag-
netism; Scebeck, Ampere, Faraday, p. 395.—Influence of the Sun’s spots
upon the temperature of our atwospbere, p. 390. *

ILI. The Planets:

A. General comparative considerutions:
a. Principal Planels: -
1. Number and epoch of discovery, p. 403.—Names, plattary

days (week), andeplanetary hours, p. 408 (notes 13 aud 14).

2. Classification of the plancts in two groups, p.422. §

3. Absolute and apparent magnitudes ; configuration, p. 426.

4. Order of the planets and their distances from the Sun; the
so-called law of Titius; old bhelief that the cosmical cbodies
which we now see were not all visible from the beginning ;

Proselenes, p. 429, and notes 18—34.

5. Masses of the planets, p. 445.

0. Densities of the planets, p. 446.

7. Periods of sideresl revolution and axial rotation, p. 448.

8. Inclination of the planetary orbits and axces of rotation ; their

influence upon climate, p. 449 (note 42).

b. Secondary planets, p. 457.
I Special consideration; enumerntion of the individual plancts and
their relation to the Sun as central body.
The Sun, pp. 467—70.
Mercury, pp. 470—473.
Venus ; spots, pp. 473—476.
The Earth; numerical relations, pp, 476—477.

The Moon of the Earth; yroduces lirht and heat ; ash.grey
or earth-light in the Modn ; spots; nature of the Moun's
surface, mountains and plains, measured elevations ; pre-
vailing type of ciicular configuration; craters of elevation
without continuing eruptive phenomena ; old traces of the
reaction of the interior upon the exterior (the surface);
absence of Sun and Earth tides, as well of currents as
trangportive forces, on account of the want of a ligaid
element ; probable geognostic consequences of these rela
tions, pp. 477—502.

Mars; ellipticity; appearances of surface sltered by chapge
of the seasons, pp. 502—504.

The emall planets, pp. 505—510.

Jupiter : periods of rotation ;, spots and belts, pp. 511515,

&alellites of Jypiler, pp. 515—517.
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Saturn; bands, rings, eccentric powtion, pp. 517—522,
Satellites of Saturn, pp. 523—524. :
Uranus, pp, 524—5626. - ' -,
Satellites of Uranus, pp. 526—527: °
. Neptune: discovery and elements, pp. 527—530.
- Satellites of Neptune, pp. 531—b32. R .

111, The Comets : with the smallest masses occupying immense spaces s *
configuration ; periods of revolution ; scparation ; elements of the iuterior
somets, pp. 533—560.

IV. The ring of the zodiacal light : Historical particulars.—Intermit-
tenc® two-fold; howmly and aunual ?—Distinction to be made hetween
the cdsmical luminous process which belongs to the zodiacal light itself
and the variable transparency of our atmosphere.—Tmportance of a long
series of corresponding observations under the tropics at different eleva.
tions above the sea from 9 to 12,000 feet.—Rcflection like that at sunset.
~—Comparigon in the same night with certain parts of the Milky Way,—
Question as to whether the zodiacal light coincides with the plane of the
Sun’s equator, pp. 561—565.

V. Shooting stays, fire-balls, meteoric-stones :~—~Qldest positively deter-
mined fall of aérolites, and the influence which the fall at Egos Potamos
and its cosmical explanations exercised upon the theories of the universe

« of Auaxagoras und Diogenes of Apollonia (of the later Jonic school);
force of revolution which counteracts the power of the full {centrifugal
force and gravitation), pp. 566—572 (notes 5-9).— Geomelric and physical
gelations of meteors in sporadic and periodic falls; divergence of the -
shooting-stars ; definite poinis of deparlure; mean number of sporsdic
and periodic shooting- stars in an hour in different months, pp. 572—579,
notes 13——14.,—DBesides the stream of St. Laurentius, and the now more
-feeble November phenomenon, four or five other fulls of shooting-stars
bave been discovered which very probably oceur periodicaily during the
year, p. 579, notes 20—21.—Height and velocity of the meteors, p. 583.
‘~Physical relations, colour and tails, process of combitiation, magnitudes;
instauces of the firing of buildings, p. 583.—Meteoric stones; falls of
aBrolites when the sky is clear, or after the formation of a small dark

" masteoric eloud, p. 587, notes 25 and 26.—Problematical abundance of the
-shigoting-stars between midnight and the early hours of morning (hourly

" variations), p. 590..—Chemical relations of the agrolites; analogies with -
the constituents of telluric rock, pp. 592—596. .

.~ Conclusion:—Retrospect of the undertaking.—Limitation consistent’

‘mith the nuture of a physical description of the universe.—Representation

;'d the actual relations of cosmical bodies to each other.—Kepler's laws

.of ‘planetary motiop. —Simplicity of the Uranological problem in oppgsi- -
tion to the telluric, on account of the exclusion of ‘material heterogenbity
rguﬁhmge.-—memenu of the stability of the planetary systes, pp. 597.






HUMBOLDT'S CORRECTIONS AND ADDITIONS
TO VOL. IIL

Page 40, linc 20.

Since the printing of that part of the Cosmos, where a doubt is expressed
as fo Whether it has been *‘shown with certainty that the positions of the
Sun influence the terrestrial magnetism,’”’ the new and excellent inves.
tigations of Faraday have proved the reality of such an influence. Long
scries of magnetic observations in opposite hemispheres (e. g., Toronto
in Canada, and Hobart Town in Van Diemen’s Land), show that the
terrestrial magnetism is subject to an annual variastion, which depends
upon the relative position of the Sun and Earth.

Page 75, line 29.

The remarkable phcnomenon of the undulation of stars has very

- recently been observed at Trier by very trustworthy witnessses, in Sirius,

Petween 7 and 8 o’clock, while near the horizon. See the letter of Herma-
Flesch, in Jakn’s Unterhallungen fur Freunde der Asty 7

Page 178, line 17, note 50.

The wish which I strongly expressed that the historical epoch in which
the disappearance of the red colour of Sirius falls should be more
positively determined, has been partially fulfilled by the landable industry

of Dr. Wipcke, a young schalar, who bines an excellent acquaintance
with Oriental languages with distinguished mathematical knowledge,
The translator and tator of the important Algelra of Omar .

Alkhayyami, writing to me from Paris, in August, 1851, says, ‘I have
examined the four rmanuscripts in this place of the Uranography of
Abdurrahman Al-Sufi, in reference to your suggestion contained in thé
astronomical volume of the Cosmos, and found that a Bootis, a Tauri,
-@ Scorpii, and @ Orionis, are all expressly called red; Sirius, on the
.edutrary, is not. Moreover, the passages referring to it are unifornily as
follows in all the four manuscripts :—** The first among its (Great Dog).
stars ig the large, brilliant one in his mouth, which is represented on the.
. Astrolabium, and is called Al-jemganijak.” 1Is it not probable from this.
Tavestigation, and from what 1 quoted from Alfragani, that the epoch of
the change of colour falls between the time of Ptolemmus and the Arabs.;:



xiv HUMBOLDT § CORRECTIONS

Page 264, line13. -

In the condensed statement of the method by which the parallax of the
double stars is found by means of the velocity of light, it simuld be said :
The time which elapses between the moment in which the plgnetary
secondary star is nearest to the Earth, and that in which itis most distant
from it is always longer when the star passes from the point of greatest
proximity to that of greatest elongation, than in the converse, when it
returns from the point of greatest elongation to that of greatest proximity?

Page 289, line'l.

L)

In the French translation of the astronomical volume of the Cosmos,
which, to my great' gratification, M. H. Faye has again undertaken, thia
learned astronomer has much enriched the section upon double stars,
I had myself neglected to make use of the important treatises®of M.
Yvon Villurcean, which were read at the Institute in the course of the

ear 1849. (Sce Connaissance des Temps pownr Uan 1832, pp. 3—128).

quote here from the tuble by M. Faye, of the orbital elements of cight
double stars, the first four stars, which he considers to be the most
certainly determined :—

Elements of the Orlits of Donble Stars.

. Period of '
Name Ser.m Eccen- | revolu- Name of
and Magnitade, mAJOT | 4ricit, tion in the
] axis.. T | Years, Calcnlator.

37857 | 04164 | 58-262 | Savary ... 1830
. £ Urase Mnjoris, | 37278 | 03777 [ 60-720 | J. Herschel 1849

(8th and 5th Mag.) [ 27295 | 04037 | 61:300 | Miidler ... 1847
' 27439 | 0'4315 | 61576 | Y. Villarceau 1849

1
. 47328 | 0-4300 | 73862 | Bucke ... 1832
‘Jnj"‘.‘t‘;:"i} y | 44966 | 0-4dss | 92-338 | Y. Villarcesu 1849
(4th and Gth Mag.) | 4yw.go | 0-4781 | 92000 | Mdler ... 1849

Z Heroulis, 17208 | 0-4320 | 30-220 | Midler ... 1847
¢3rd and 6:5th Mag.)| 14254 | 0-4482 | 36-357 | Y. Villarceau 1847

07902 | 02891 | 42:500 | Miidler ... 1847
» Corone, 17012 | 04744 | 42501 | Y. Villarcean 1847
(5thand 6th Mg | ym1z | 04095 | 66257 | {The seme, 2nd




AND ADDITIONS. ¥’

The problem of the period of revolution of » Coronz admits of two
solutionst of 42°5 and 66°3 years; but the late observations of Otto
Struve give the pyeference to the second. M. Yvon Villarcean finds the
semi-major azxis, eccentricity, and period of revolution, in years :

Virginis 3446 0:8699 153787
Caneri 07934 0-3662 58-590
a Centauri  127-128 0-7187 78+486

‘The occultation of one fized sfar hy another, as was presented by ¢ Her-
culis, I have called apparent (p. 287). M. Faye shows that it is a con-
scquegce of the spuiious diameter of the stars (Cosmos, vol. iii. pp. 66
and 1%),) seen in our telescopes. The parallax of 1830, Groombridge,
which ‘T gave (p. 27) as 07-226, is found by SchMiter and Wicho:iux,
¢"182, and by Otto Struve, 077034,
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VII.

REBULOUS SPOTE.~ARE THESE ONLY REMOTE AND VERY

ENSE CLUSTERS OF STARS P—THE TWO NAGELLANIC
&OUDS, IN WIHICH CROWDED NEBULOUS SPOTS ARE
INTERSPERSED WITH NUMEROUS STELLAR SWARMS.wm=
TIIE 80-CALLED COAL-SACKS OF TIE SOUTUERN HEMI~

SPIERE.

Axoxa the visible cosmical hodies occupying the regions
of spacc, besides those which shine with stellar light (whether
sclf-luminous, or illumined like plancts, stars isolated or in
multiple groups, and revolving round a common centre of
gravity), there are also masses which present a feint and
milder nebulows light.! Thesc bodies, which appear at one
time as sharply defined, disc-formed, luminous clouds. at
another as irregularly and variously shaped masses, widely
diffused over large spaces, scem to the naked cye, at first
sight, to be wholly different from those cosmical bodies of
which we treated fully in the last four sections of the Astrog-
nosy. In the same way that therc is an inclination to infer
from the obscrved and as yct uncxplained motion of the
visible cosmical bodies® the cxisténce of others hitherto in-
visible, so the knowledge gained as to the resolvability of a
considerable number of nebulous spots has recently led to

1 Cosmos, vol. i. pp. 69-73, 75 and 131; vol. ii. p. flfi H
vol. iii. pp. 44-49, 189, 208 and 220.
* Chsmos, vol. iil. pp. 252-254.

VOL. xv. B
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Wom regarding the non-existence of oIl nebule, and
*indeed of all cosmical vapour generally. ‘But whether these
‘ﬁeﬂadeﬁned nebulous spots be a self-luminous v nponry matter,
Lor Temote, closely-throngcd globular clusters of ‘stars, they
1mist ever remain objects of vast importance in the knowledge
‘of the structure of the universe and of the contents of space.
The number whose positions have been determined by-
‘right ascension and declination, excecds 3,600. Somg of
the more irregularly diffused, measure eight lunar difime-
ters. According to William Ilerschel’s earlicr estimate,
made in 1811, these nebulous spots cover at least gj5th
part of the whole visible firmament. As seen through
eolossal telescopes, the contemplation of these nchulous masses
1dads us into regions from whence a ray of light, according to
an assumption not wholly improbable, requires millions of
years to reach our carth, to distances for whose measurement
the dimensions (the distances of Sirius, or the caleulated
distances of the binary stars in Cygnus and the Centaur)
of our nearest stratum of fixed stars scarcely suffice. If
these nebulous spots be elliptical or spherical sidereal
groups, their very conglomeration calls to mind ‘the idea
+of & mysterious play of gravitating forces by which they
“are governed. If they be vapoury masscs, having one or
‘mote nebulous nuclei, the various degrees of their conden-
‘gation suggest the possibility of a process of gradual star-
“fosnation from inglobate matter. No other cosmical structure
~no other subject of this braneh of astronomy more contem-
plative than measuring—is, in like degroe, adapted to excite
the imagination, not merely as a symbolic image of the infi.
“:nitnde of space, but: because the investigations of the different
_conditions of exssting things, and of their presumed connection

"
i
¥

TN

S - 3 Cosmos, vol. i. p. 68.°
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o( seguence, promises to afford us an insight into the laws
of genetic development.

The historical development uf_our knowledge of nebulons

bodics teathes us that here, as in the progress of almost every
other. branch of physical scicnce, the same oppasite.opiniens,
which still have numerous adherents, were maintained long
«since, although on weaker grounds. Since the general use of
the telescope, we find that Galileo, Dominique Cassini, and
th&«gaeious Joiin Michell, regarded all ncbule as remote
clusters of stars; whilst ITalley, Derham, Lacaille, Kant, and
Lambert, maintained the existence of starless nebulous masses.
Kepler (like Tycho Brahe before the invention of the tele-
scope) was a zealous adherent of the theory of star-formation
from cosmical vapour—from condensed conglobate cclestial
ncbulous matter. Ie believed * cwli materiam tenuissimam
(the vapour which shines with a mild stellar light in the
Milky Way,) tn untum globum condensulam, stellam ¢ffingere,”
and grounded his opinion, not on the process of condensation
operating in defined roundish nebulous spots, (for these were
unknown to him,) but on the sudden appearance of new stars
on the margin of the Galaxy.

If we take into account the number of objects discov eml. .
the aceuracy of their telescopic investigation, and the gene-
ralization of views, the history of nebulous spots, like that
of double stars, may be said to begin with William Herschel,
Until his time there were not more than 120 unresolved
nebuke in both hemispheres, whose positions were deters:
mined, including cven the results of Messicr's meritorious
Isbours; and in 1786 the great astronomer of Slough pub.
lished, the first catalogue, containing 1000. I have alreagy.
fully pointed out in an carlier portion of this work tha the-
bedies named nedulous stars (vepeloedeis) by Hipparchus
oad Geminus in the Cafgsterisms of the pscudo-Eratosthenes

B2 -
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und in the Almagest of Ptolemy, are stellar clusters which ap-
pear to the naked cye with a ncbulous lustre.* This designa-
tion, latinized nebulose, passed in the middle of the thirtcenth
century into the Alphonsine Tables, probably through the pre-
ponderating influence of the Jewish astronomer, Isaac Aben
8id Hassan, Chicf Rabbi of the wealthy synagogue at Toledo.
The Alphonsine Tables first appeared in print in 1483 at
Venice,

The first notice of a remarkable aggregation of innumet dule
true nebulous spots, blended with stellar swarms, dating from
the middle of thetenth century, is in the writings of an .\1a.
bian astronomer, Abdurahman Sufi, a native of the Pacin
Irak. The 717t Or, which he saw shining with a nulky
light far below Canopus, was undoubtedly the larzer Magcl-
lanic cloud, which with an apparent bicadth of nemly twilve
Iunar diameters, catends over a portion of the heavens mea-
suring forty-two square degrces. No mention 1» madi Ly
European travellers of this phenomenon until the beginning
of the sixtcenth contury, although, 200 years carlies, the
Normans had advanced as far along the Western coasts «f
Africa as Sierra Leone (8 30°N. Lat.).® It might hwe
been expected that a nebulous mass of such vast catey'.

¢ Cosmos, vol. ui. pp. 121 and note, and 190 and note,

§ Prior to the cxpedition of Alvaro Becerra. The Por
tuﬁeae advanced beyond the equator in 1471. Ree [Tum-
boldt's Ezamen critique de UIlist. de la Glograplie du
Nouveau Continent, tom. i. pp. 290-292. In castern Afiiea
the Lagides had availed themsclves, for purposes of commere:,
of the passage along the Indian Occan, and, favoured by the
south-west monsoon (Hippalus), had passed from Ocelis in the
Straits of Bab-el-Mandeb to the Malabar emporium of Muziris
and to Ceylon (Cosmos, vol. ii. p. 539, and note). Although
the Magellanic Clonds must have been seen in all these
voyages, we meet with no record of their appearance.
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whith was distinetly visible to the nsked cye, would have

attracted attention sooner.®
" The firgt dsolated nebula which was observed and recognized
‘by the telescope as wholly starless and as an objeet of special
nature was the ncbula near » Andromeda, which, like that
last mentioned, is also visible to the naked eye. Simon Marius
{Mayer of Gunzenhausen, in Franconia), originally a musician,
| subscquently Court mathematician of one of the Mar.
graves of Colmbach, the same person who saw the satellites
of Jupiter nine days earlier.than Galileo,” has also the merit

® Rir John Herschel, Observations at the Cape, § 132.

* Op. cit. pp. 357, 509 (note 43). Galileo, who endea-
voured to refer the difference in the days of discovery (29th
of December, 1609, and 7th of January, 1610,) to a differ-
cuee in the calendar, maintained that he had seen the satel-
lics of Jupiter one day carlier than Marius, and even allowed
rimself to be so far carried away by his indignation at “the
falsehood of the heretical impostor of Gutzenhausen” (“bugia
del impostore eretico Guntzenhusano,”) as 1o declare his belief
* that very probably the heretic, Simon Marius, never observed
the Medicean planets,” (*che molto probabilmente il eretiro,
Simon Mario, non ha osservato giammai ¢ Pianeti Medices.” y—
See Opere di Galileo Galilel, Padova, 1744, tom. ii. pp. 235~
237; and Nelli, Vita ¢ Commercio letterario di Galiler, 1798,
vol. i. pp. 240-246. The ‘‘heretic” had nevertheless
expressed himself very pacifically and modestly in reference
to the extent of merit due to his discovery. I simply
affirm,” says Simon Marius, in the preface to the Mundus

Jovialis, “hewme sidera (Brandenburgica) a nullo mortalinm -

nihi ulla ratione commonstrata, sed propria indagine sub
ipsissimum fere tempus, vel aliquanto citius quo Galilus in
Italia en primum vidit, a me in Germania adinventa et-obser-
vata fuisse. Merito igitur Galileeo tribuitur et mane laus
primw inventionis horum siderum apud Italos. An autem
inter meos Germanos quispiam ante me ea invenerit et viderit,

hactenus intelligere non potui,” ¢ I simply affirm. thut I was



2086 ©oSMOS,

‘of ‘having given the first, and indeed a very accurate descrip-
-tion of a nebula. In the preface to his Mundus Josialis® he
‘Felates, that* on the 15th of December, 1612, he observed a
~fixed object differing in appearance from any he had ever scen.
Jt was situated near the 3rd and northern star of Andromeda’s
'girdle; secen with the naked eye, it appeared to him to be a
2 mere cloud, and by the aid of the telescope he could not”
fiscover any signs of a stellar nature, a circumstance which
distinguished it from the nebulous stars in Cancer, and irom
other ncbulous clusters. All that could be recognized was a
whitish glimmering appearance, brighter in the centre, and
fainter towards the margins. With a diameter of 4 of o
degree, the whole rescmbled a light seen from a great dis-
dance through half-transparent horn plates: (similis fere
splendor apparet, si a longinquo candela ardens per corn pel-
lucidum de noctu cernatur).” Simon Marius hazards a con-
jecture whether this singular star be not of recent formation,
but will not give a decided opinion, although it strikes him as
singular that Tycho Brahe, who had enumerated all the stars
“in the girdle of Andromeda, should have said othing of this
nebulosa. The Mundus Joviakis, which first appeared in 1614,
Jindicates, therefore, as I have already observed elsewhere,? the

Jed to the discovery of these stars not by any rensonings of
" tnthers, but by the result of my own investigations, and that they
‘were observed by me in Germany, about the very same time’
‘or » little sooner than Galileo first saw them in Italy, To
Galileo, among the Italians, is -therefore due the merit of
having fivet discovered these stars. ~ But whether, among my
©wn countrymen in Germany, any person beforc me has dis-
tovered and seen them, I have not as yet been able to ascer-
240

% Mundgs Jovialis, anno 1609, deteius 017; perspicilli Bl
~fis. (Noribezge, 1614.) e
.+ Cosmas, vol. ii. p. 702.
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 difference between a nebulous spot unresolvable by the telese
copic powers of that age, and a cluster of stars,* to which the
mutual proximity of its numerous small stars, not visible to
the naked 8ye, imparts & ncbulous lustre. Notwithstanding
the great improvements made in optical instruments, the
nebula in Audromeda was considered for nearly two centuries
»and a half—as at its discovery—to be wholly devoid of stars,
until two years sincc, the transatlantic observer, George Bond,
of Cambridge in Massachusetts, discovered 1,500 small stars
within the limits of the ncbula. T have not hesitated to
class it amongst the stollar clusters, although the nucleus has
not hitherto been resolved.®
1t is probably only to be ascribed to some singular accident
that Galileo, who, when tho Sidereus Nuntius appcared in 1610,
had already made frequent observations of the constellation of
Orion; should have subsequently mentioned, in his Saggiatore,
no other nchule in the firmament but those which his own weak
optical instruments had resolved into stellar clusters, although
he might long before have learnt, through the Aundus
Jovialis of thc discovery of the starless ncbula in Andro-
meda. When he speaks of the nebulose del Orione e del
Presope, he understands by the expression mercly *aggre-
gations (coacervazion) of innumcrable small stars.”* He
successively delineates under the deceptive designations of
nebulose capitis, cinguli, ct ensis Orionis, clusters of stass,
in which he exults in having discovered 400 hitherto unob-
served stars in a space of 1 or 2 degrees. Ile never makes
" any reforence to unresolved nebulous matter. Yet how cosld

"% Gorm., Sternhaufen; French, amas d'étoilcs.
» Cocmos, vol. iii. p. 192.
. M “.Galilei notd che le Nebulose di Orione null altro efalo
ohé ‘Wucchi e coacervazioni d' inmumerabili St ”-—Nelh.
¥ita di Galilei, vol. i, p. 208. .
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the great nebulous spot in the sword of Orion have failed torivet
his attention? But although this great observer probably
never saw the irregular nebula in Orion, or the roundish dise of
a so-called irresolvable nebula, still his general viéws' on the
intrinsic nature of nebulous spots were very similar to those

B «In primo integram Orionis Constcllationem pingerc
decreveram; vero, ab ingenti stellarum copia, temporis vero
inopia obrutus, aggressionem hane in aliam occasioneni dis-
tuli. Cum non tantum in Galaxia lacteus ille candor veluti
albicantis nubis spectetur, sed complures consimilis coloris
-areole sparsim per ethera subfulgeant, si in illarum quamlibet
specillum convertas, stellarum constipatarum coctum offendes.
Amplius (quod magis mirabile) stelle, ab astronomis singulis
in hanc usque diem nebulose appellate, stellarum mirum in
modum consitarum greges sunt: ex quarum radiorum com-
mixtione, dum unaquaque ob exilitatem, scu maximam a nobis
remotionem, oculorum aciem fugit, candor ille consurgit, qui
densior pars ceeli, stellarum aut solis radios retorquere valens,
hucusque creditus est.”—Opere di Galileo Galilei, Padova,
1744, tom. ii. pp. 14, 15. “At first I had resolved to deseribe
the whole constellation of Orion; but the multitude of the
stars and the want of leisure compelled me to postpone the
undertaking till another occasion. Since not only in the
Milky Way, may be observed that brilliancy as of a whitish
cloud, but several areoles of a similar colour are scattered
through the firmament ; if you direct the glass to any one of
them you will meet with a host of clustered stars. Moreover,
the stars (still stranger to say) which, by every astronomer,
are to this day called ncbulous, are clusters of stars lying close
together in a wonderful -manncr, from the combination of
whose rays (while they cannot be separately distinguished by
the eye on account of their minuteness, or their very great
distance from us) arises that whiteness, which, from its capa-
citti of reflecting the rays of the stars or of the sun, has been
hitherto supposed to bclong to a denser part of the atmo-

- sphere.”  Sidereus Nuntius, pp. 13, 15 (nos. 19-21), and 35
_(no. 86). - ' '
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to which the greater number of our astronomers of the present
day incline. Like Galileo, Hevel of Dantzig, who, although
a distinguished observer, was not much inclined to rely upon
telescopic dbservation for aid in cataloguing the stars,'* made
no mention in his writings of the great ncbula in Orion. His
star catalogue, morcover, did not contain upwards of 16
ncbulous spots, of which the positions were accurately
“actermined.

At length, in the year 1656, Iluygens discovered! the
nebula in the sword of Orion, which is so important from its
cextent and form, and has become so famous from the number
and celebrity of its subsequent investigators. Huygens was
the means of inducing Picard {in 1676) to devete himself
diligently to the investigation of this ncbulous bedy. Id-
mund Halley, during his sojourn in St. Helena in 1677, was
the first to determine any of the nebulous spots belonging to
portions of the southern heavens not visible in Rurspe,
although his obscrvations embraced only a very sinall number.
‘The lively interest taken by the great Cassini (Jean Dominique)
in all branches of contemplative astronomy, led him, towards
the closc of the seventeenth century, to a more careful explo-
ration of the nebule in Andromeda and Orion.  IIe thought
he could detect alterations in the latter since Iluygens' ob--
scrvations, and that he “ had recognized stars in the former

B Compare Cosmos, vol. iii. p. 51. I also remember a
vignette at the close of the introduction to Mevcl's FirnG-
mentum Sobescianum, 1687, in which threc genii are repre-
sented, two of whom are making observations with Hevel's
sextants, The third genius is carrying a telescope which
he appears to be offering, while those obscrving, exclaun,
Prastat nudo oculo ! '

W Huygens, Systema Saturnium, in his Opera varia, Lugd.
Bat, 1724, tom. ii. pp. 523 and 593.
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which could not be scen with telescopes of low powers.”
There are reasons for regarding the assertion of an altcration
of figure as a delusion; not entirely so the existence of stars
in the ncbula in Andromeda since the remarkable observations
of George Bond, Cussini, moreover, conjectured, on theoreti-
cal grounds, the possibility of such a resolution of the nebula;
since, in dircet opposition to Ilalley and Derham, he cons:-
dered all ncbulous spots to be very remote stellar swarms.®
The faint mild effulgence in Andromeda was indeed according
to his opinion analogous to the zodiacal light, which he also
conjectured to be composed of a crowd of densely thronged
small planetary bodies. Lacaille’s residence in the southern
hemisphere (at the Cape of Good IIope, and in the Isle of
France and Bourbon, between 1750-1752), so considerably
increased the number of known ncbulous spots, that Struve
has justly remarked, that from the observations of this tra-
veller more was known at that time of the ncbulous bodies
of the southern hemisphere, than of those which were visi-
ble in Europe. Lacaille, morcover, successfully attempted to
divide ncbule into classes according to their apparent con-

B « Dans les dewr nébuleuses d'Andromede et d’Orion,
j’ai va des étoiles qu'on n’apergoit pas avec des lunettes
communes. Nous ne savons pas si 'on ne pourrait pas avoir
des lunettes assez grandes pour que toute la nébulosité pit se
résoudre en de plus petites étoiles, comme il arrive & cclle du
Cancer et du Sagittaire.” I have sccn stars in the ncbule
of Andromeda and Orion,” <ays Dominique Cassini, ‘which
cannot be recognized by ordinary instruments. We are igno-
rant whether telescopes may not be constructed of sufficient

wer to resolve the whole nebula into smaller stars, as has
Egn done in the case of the ncbule in Cancer and Sagitta-
rius.”—Delambre, Hist. de I Asir. moderne, tom. ii. pp, 700
and 744,

¥ Cosmos, vol. i. p. 180, note.
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figuration; he also was the first to undertake, thongh with
little result, the difficult task of analysing the heterogeneous
contents of the Magellanic Clouds (nubecula major et minor).
If we subtract the 14 nebule; which, even with instruments
of low powers, were perfectly resolved into true clusters of
stars, from the other 42 isolated ncbulous spots which La-

“&nille observed in the southern heavens, there remain only 28,
whilkst Sir John Herschel, by the aid of more powerful instru--
ments, as well as greater skill and superior powers of obsere
vation, succeeded in discovering under the same zone, and
also independently of clusters, as many as 1,500 ncbulous
spots.

Devoid of personal knowledge or experience of the subjeet,
and originally ignorant of each other’s attempts, although
both had very similar aims in view,” Lambert (from 1749)
and Kant (from 1755) speculated with admirable sagacity
on nebulous spots, detached galaxies and sporadic nebu-
lous and stellar islands seattered singly through the realms
of space. Both inclined to the nebular hypothesis, and to
the idea of a perpetual development in the regions of space,
and cven of a star-formation from cosmical vapour. The
great traveller, Le Gentil (1760-17G0), Iong before his
voyages, and his unsuccessful observations of the transit of
Venus, had imparted animation to the study of nebulee by his

" On the community and difference of ideas between Kant
and Lambert, as well as in reference to the period of their
publications, sce Struve, Ktudes d’Astr. stellaire, pp. 11, 18,
21, notes 7, 15, and 33. Kant's Allgemeine Natur-Geschickie
tnd Theorie des Himmels appeared anonymously, and was.
dedicated to Frederick the Great, 1755. Lambert's Phoswo-
metria, os already remarked, appeared in 1760; and his
Sammlung kosmologischer Bricfe wiber die Einrichtung des
Weltbaues, in 1761,
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observations on the constellations of Andromeda, Sagittarius,
and Orion. He made usc of an object glass of Campani s,
87 feet in focal length, which was in the possgssion of the
Paris Observatory. In entire opposition to the views of
Halley, Lacaille, Kant, and Lambert, the intellectual John
Michell declared (as Galileo and Dominique Cassini had done)
that all nebule were stellar clusters, aggregations of very =
nute or very remote telescopic stars, whose cxistence would
undoubtedly be some day revealed by means of more¢ perfect
optical instruments.® Compared with the slow progress we
have hitherto depicted, the knowledge of nebulous spots
received a rich accession of facts by the persevering industry
of Messier, Ilis catalogue of 1771 contains, after deducting
the older nebule discovered by Lacaille and Méchain, 66
which had mot been previously observed. IIe had the merit
of doubling the number of the nebulous spots hitherto enume-
rated in both hemispheres, although his labours were carried
on in the ill-supplied Observatoirc de la Marme (Hotel de
Clugny).*

To these feeble beginnings succeeded the brilliant epochs of
the discoveries of William Herschel and his son. The former
began as early as 1779 a regular exploration of the numerous
nebulous masses with which the heavens arc studded. These
observations were made with a seven-feet reflector. His
colossal forty-feet telescope was completed in 1787; and in

¥ s« Those nebule,” says John Michell in 1767, (Phslos.
Transact. vol. lvii. for 1767, p. 251,) *“in which we can
discover either none, or only a few stars, even with the assist-
ance of the best telescopes, are probably systems thn?. are
+till more distant than the rest.”

1 Messier, in the Mém. de I Académie des Sciences, 1771,
g 485, and in the Connasssance des Temps pour 1783 ot 17 M.

b

The whole catalogue contains 103 objects,
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the three catalogues® which he published in 1786, 1789, and
1802, he indicated the positions of 2,500 nebulw and clusters
of stars. Until 1785, or almost as late as 1791, this great
observer applars to have been more disposed, like Michell,
Cassini, and the present Lord Rosse, to regard the nebulous
spots which he was unable to resolve, as very remote clusters
=efgtars; but a prolonged consideration of the subject between
17994end 1802, led him to adopt the nebular theory, as Halley
and Lacaille had done, and even, with Tycho Brahe and
Kepler, the theory of a star-formation through the gradual
condensation of cosmical vapour. The two hypotheses, how-
ever, are not necessarily connccted.® The necbulous and
stellar clusters observed by Sir William Ilerschel, were sub-
jected by his son to a rencwed investigation from 1825 to 1833;
he also enriched the older eatalogues with 500 new objects,
and published in the Philosophical Transactions for 1833,
(pp- 365-481,) a complete catalogue of 2,307 ncbule and
clusters of stars. This great work contains all that had been
discovered in the heavens of Central Europe; and in the five
succceding years (from 18634-1638) we find Sir John Herschel
engaged at the Cape of Good Ilope in exploring the whole of
“the visible firmament with a colossal twenty-feet reflector, and
adding 1,708 determinations of position to his previous cata-
logue of 2,307 ncbule and clusters of stars!® Only one-

® Philos. Transact. vols. Ixxvi. 1xxix. and xeii.

£ «The nebular hypothesis, as it has been termed, and the
theory of sidercal aggregation, stand in fact quite independent
gfsglnch other.”—Sir John Herschel, Outlines of Astronomy,

2, p. 599.

b Tl?e numbers which I here give include the objects
enumerated from Nos. 1 to 2,307 in the European, Northern
Catalogue of 1833, and those from Nos. 2,308 to 4,015 in the
African, Southern Catalogue.— Observations at the Cape
Pp 61-128,
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third of the southern ncbulm and clusters of stars in Dunlop’s
eatalogue (containing 629 nebulous bodics, observed fram
1825-1827, at Paramatta, with a nine-fect reflector, having a
nine-inch speculum®,) werc inscrted in Sir JoBun Ilerschel's
work,

A third great epoch in our knowledge of thesc mysterious
cosmical bodies commenced with the construction of the
vellous fifty-threc feet telescope® of the Earl of Rosge, at
Parsonstown. All that had ever been advanced on cither
side of the question, during the long fluctuation of opinions
in the different stages of the development of cosmical cone
templation, was now made the subject of keen discussion in
the contest regarding the nebular hypothesis and its asserted
untenability. It appears from all the notices I have been
able to collect from the works of distinguished astronomers
long accustomed to the observation of ncbulous spots, that
out of a large number of ncbulw indiscriminately taken from
among all the classes contained in the catalogue of 1833,
and regarded as irresolvable, almost all (Dr. Robinson, the
Director of the Armagh Observatory, cnumerates more than
40 such,) have been perfectly resolved.® Sir John Ilcrschel

- ® James Dunlop, in the Philos. Transact. for 1828, pp.
113-151.
% Compare Cosmos, vol. iii. p. 85 and note.
¥ See An Account of the Earl of Rosse's great Telescope,
. 14~17, which gives a list of the nebule resolved by
E. Robinson and Sir James South in March, 1845.
“Dr. Robinson could not leave this part of his subjeet
without calling attention to the fact, that no real nebula
seemed to exist among so many of these objects chosen
without any bias: all appeared to be clusters of stars, and
.every additional one which shall be resolved will be an
additional argument against the existence of any such.”—
Bchumacher, Astr. Nackr. no. 536. In No#ice
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maintains the same “view, as well in his opening address
before the British Association at Cambridge in 1845, as in
the Outlines of Astronomy, 1849, where he expresses him.
sclf as follows:— The magnificent reflecting teleseope con-
structed by Lord Rosse, six feet in aperture, has resolved or
rendered resolvable multitudes of nebule which had resisted
»all inferior powers. . . . Although, therefore, nebulie do exist
whieh, even in this powerful telescope, appear as ncbulw,
without any sign of resolution, it may very reasonably be
doubted whether there be really any essential physical dis-
tinction between nebulic and clusters of stars.” %

sur les grands Télescopes de Lord Oxmantown, aujourd hus
Earl of Rosse {Bibliothéque universelle de Genéve, tom. Ivii.
1845, pp. 342-357), we find the following passage: “ Sir
James South rappelle que jamais il n'a vu de représentations
sidériales aussi magnifiques que celles que lui oftrait I'instru.
ment de Parsonstown; qu'une Lonne partic des nébulcuses
se presentaient comme des amas ou groupes d'étoiles, tandis
que quelques autres, i ses yeus du moius, n'offraient aucune
apparence de résolution cn étoiles.”™  *Sir Jumes South
remarks (that e never beheld more maguificent representa-
tions of the stars than thosc he saw in the Parsonstown
telescope, and that a great number of nebule appeared like
clusters or groups of sturs, whilst others, at least to his
sight, presented no appearance of resolution.”

¥ See Outlines, pp. 597, 598; also the Report of lie
Fifteenth Meeting of the British clssociation held at Cambridge
8 June, 1845, p. xxxvi.:—*‘ By fur the major part,” says
Sir John Herschel, * probably, at least, nine-teuths, of the
nebulous contents of the heavens consist of nebulw of spherical
or'elliptical forms, presenting cvery variety of clongation and
central condensation,  Of these a great number bave be-un
resolved into distant stars (by the reflector of the Earl of
Rosse) and a vast multitude more have been found to present
that mottled appearance which renders it almost a matter of
certainty that an increase of optical power would show them
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The constructor of the powerful optical apparatus at
Parsonstown, who always discriminates between the result of
actual obscrvation and the promises of a knowledge to which
we hope to attain, expresses himself with much caution
regarding the nebula in Orion, in a letter to Professor
Nichol of Glasgow,” dated Parsonstown, 19th March, 1846
—*In accordance with my promise of communicating to-
you the result of our examination of Orion, I think I may
safely say, that there can be little, if any, doubt of the resolv-
ability of the ncbula. Since you left us, there was not a
single night when, in absence of the moon, the air was fine
cnough to admit of our using more than half the magnifying
power the speculum bears ; still we could plainly scc that
all about the trapezium is a mass of stars, the rest of the
nebulx also abounding with stars, and exhibiting the charac-
teristics of resolvability strongly marked.” At a subscquent
period (1848) Lord Rosse had not announced that his expee-
tations had as yet been fulfilled, although he cherished the
hope of being able to resolve the remaining portion of the
nebula into stars.

to be similarly composed. A not unnatural or unfair induc-
tion would, thercfore, seem to be, that thosc which resist such
resolution do so only in consequence of the smallness and
closencss of the stars of which they.consist; that, in short,
they are only optically and not physically nebulous. Although
nebulee do exist which, ‘even in this powerful tclescope g)f
Lord Rosse) appear as ncbule, without any sign of reso-
lution, it may very reasonably be doubted whether there be
really any essential physical distinction between nebule and
clusters of stars.” )
¥ Dr. Nichol, Profcssor of Astronomy at Glasgow, pub-
lished the letter above referred to in his Thoughts of some
dmportant Points relating to the System of the World, 1846,

p. §6.
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‘When we separate the results of actual observation from
those of mcre inductive conclusions, in this muéh disputed
question of the existence or non-existence of a sclf-luminous,
vaporous matter in the universe, we find that although the
increasing improvements in telescopic vision may, indeed,
considerably diminish the number of nebulwe, they cannot by

*agy means wholly exhaust them. By the application of in-
cremming powers, each new instrument may resolve what the
preceding ones had left nnresolved, but it must at the same
time, in consequence of its greater powers of penctrating
space, replace (at least partially) the resolved nebule by
others not previously reached.® A resolution of the older,
and the discovery of new nebulw, would thereforc follow one
another in endless suceession, as the fruit of increased optical
power. For if we suppose a different result, we must cither,
according to my vicw, assume the occupied regions of space
to be limited, or that the world-islands, to one of which our
system belongs, are so remote from each other that no tele-
scopic instrument can ever be invented of sufficient power
to penetrate to the confines of any other of these worlds,
and that our last or extremest nebule may resolve themselves
iuto clusters of stars, which, like the stars in the Milky Way,
¢ are projected on a black ground entirely free from vapour.”®
But can we believe in the probability of a condition of the
universe, and of a degree of perfection in optical instruments,
in which the entire firmament will no longer exhibit any
unresolved nebulous spots ?

The hypothetical assumption of a self-luminous fluid, ap-
pearing, when sharply-defined, in round or oval nebulous spots,
must not be confounded with the equally hypothetical assum ;-

* Compare Edinburyh Review, vol. Ixxsvii, 1848, p. 186.
e Cosmos, vol. iii. p. 195, and note. .
- WOL. 1V, [+]
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tion of 2 non-luminous ether pervading the universe, and ge.
nerating by its undulatory motion, the phenomena of light,
radiant heat, and elcctro-magnetism.® The emanations from
eometary nuclei, which in the form of tails frequently extend
over enornious tracts of space, disperse the substance of which
they are composed—and with which we are unacquainted,—
among the planctary orbits of our solar system, which the§™
intersect. DBut when separated from the controlling nutleus,
this substance ceascs to be perceptibly luminous. Newton
even considered it possible that vapores ez sole et stellis fixis et
caudis cometarum, * vapours from the sun, the stars, and the
tails of comets,” might blend with our terrestrial atmosphere.®
No telescope has as yet indicated any sidereal character in
the vaporous, rotating, and flattened ring of the zodiacal light.
‘Whether the particles of which this ring consists, and which
according to some are conceived to rotate upon themselves
in obedience to dynamic conditions, and according to others
merely to revolve round the Sun, are illumined or self-lumi-
nous, like many kinds of terrestrial vapours,® is a question
as yet undecided. Dominique Cassini believed them to be
small planetary bodies.® It scems as if it were a requirement
of the human intelleet to seck in all fluid bodies for discrete,
molecular particles,® similar to the full or hollow vesicles of
-which clouds arc formed ; while the gradations in the decrease
of density in our planetary system, from Mercury to Saturn and
Neptune (from 112 to 0-14; the Earth being =1), leads the
mind to the consideration of comets, through the external

® Cosmos, vol. iii. p. 40. :

® Newton, Philos. Nat. Principia Mathematica, 1760,
tom. iii. p. 671,

8 Cosmos, vol: i. p. 181. 8 7. p. 180,

W Observations at the Cape, § 109-111. -
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layers of whose nuclei even a faint star continues visible, and
finally to that of discrete particles, so deficient in density
that their solidity, ecither within large or small dimensions,
can scarccly' be characterized, cxcept by the limits which
bound them. It was by such considerations as to the constitu-
tion of the apparently vaporous zodiacal light that Cassini,

“slong before the discovery of the so-called smaller planets be-
tween Mars and Jupiter, and prior to all conjectures regard-
ing metcor-asteroids, was led to the idea that there exist
cosmical bodies of all dimensions and all degrees of density.
‘We here almost involantarily touch upon the old metaphy-
sical controversy regarding matter of primitive fluidity and
that composcd of discrete molecular particles, and therefore
more amenable to mathematical treatment.  From hence we
turn the morc readily to our former consideration of the
purcly objective part of the phenomenon,

In the 3,926 (2,451+41,475) positions which belong—
a. to the portion of the firmament visible at Slough, and
which we shall here for the sake of brevity term the nortkern
heavens, according to the three catalogues of Sir William
Herschel from 1786 to 1802, and the above-named great
exploration of the heavens published by his son in the Phtlos.
Transact. of 1833; and b. to the portion of the southern
heavens visible at the Cape of Good Hope, according to Sir
John Herschel's African Catalogues,-—ncbulee and clusters of
stars are set down indiscriminately together. I have, how-
cver, deemed it best, notwithstanding the natural affinity of
these objects, to cnumerate them separately, in order to indi-
cate a definite epoch in the history of their discovery. I1find.
that the Northern Cataloguc® contains 2,299 nebul uud

® The data on which these numbers arc based require some
~explanation. The three catalogues of the elder Herschel
Tt c1
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-

152 clusters of stars; the Soutkern or Cape Catalogue, 1,239
nebule and 236 clusters of stars. 'We have, therefore, 3,538
for the number of the ncbule throughout the firmament
which were given in thesc catalogues, as not yet resolved

contain 2,500 objects, viz. 2,303 ncbule and 197 clusters of-
stars. (Midler, Astr. p. 448.) These numbers were altergd in
the subsequent and far more exact exploration made by SirJohn
Herschel (Observations of Nebule and Clusters of Stars made
at Slough with a twenty-feet reflector, between the years
1825 and 1833, in the Philosophical Transactions of the Royal
Society of London for the ycar 1833, pp. 365-481). About
1,800 objects were identieal with those of the three earlicr
catalogues: but 300 or 400 were temporarily excluded, and
more than 500 newly discovered were determined according
to Right Ascension and Declination. (Struve, Astr. Stellaire,
p-48.) The Northern Catalogue contains 152 clusters of stars,
consequently 2,307 —152=2.155 nebule ; bu! in reference to
the Southern Catalogue (Observations at the Cape, p. 3,
§ 6, 7.) we have to subtract from the 4,015— 2,307
==1,708 objects, among which there are 236 clusters of stars
(sce Op. cit. p. 3, § 6, 7, p. 128), 233, viz. 89+135+9,
as belonging to the Northern Catalogue, and observed by Sir
William and Sir John Herschel at Slough, and by Messier in
Paris. There remain, therefore, for the Cape observations,
1,708 —233=1,475 ncbule and clusters of stars, or 1,239
nebule alone. We have, howerver, to add 13549=144 to
the 2,307 objects of the Northern Slough Catalogue, which
incpease its numbers to 2,451 objects, in which, after sub-
tracting 152 clusters, there remain 2,299 nebulmo, a number .
which is not, however, very strictly limited to the latitude of
Slough. When numecrical relations are to be given in tho
topography of the firmament of both hemispheres, the author
feels that although such data are from their nature variable,
owing to the differences in the epochs and the advances of
observation, he is bound to have regard to their accuracy.
In a sketch of the Cosmos, it must be endeavoured to delineate
the condition of scicnce appertaining to a definite epoch.
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into clusters. This nuniber may, perhaps, be increased to
4,000, if we take into account 300 or 400 scen by Sir Wil-
liam Herschel® but not again determined, and the 629
observed by bunlop at Paramatta, with a nine-inch Newto-
nian reflector, of which Sir John Herschel included only 206
in his catalogue.” Similar results have rccently been pub-
Yished by Bond and Midler. The number of nebulwe, com-
paref with that of double stars appears, therefore, according
to the present condition of svicnee, to be in the ratio of
2:3; although it must not be forgotten that under the
designation of double-stars arc included those which are
mercly optically double, and that hitherto altcrations of posi-
tion have only been observed in a ninth, or perbaps but an
eighth portion of the whole number.®
The above numbers—2,299 nebule, with 152 clusters of
stars, in the Northern, and only 1,239 ncbule, with 236
clusters of stars, in the Southern Catalogue,—show that the
southern hemisphere, with a smaller number of ncbulm,
possesses a preponderance of clusiers of stars. If we assume
that all nebule are from their probable constitution resolvable,
as merely more remote clusters of stars or stellar groups,
composcd of smaller and less thronged, self-luminous celestial
bodics, this apparent contrast (whose importance has been
the morc noticed by Sir John Herschel® in consequence of

® Sir John Herschel says. in his Observations at the Oape,
. 134, * There arc between 300 and 400 nebulwe of Sir
illiam Herschel's Catalogue still unobserved by me; fot
the most part very faint objects.”
¥ Op, cit. §.7. Compare Dunlop's Cat. of Nebulé axd
Clusters of the Southern Hemisphere, in the Philos. Zransact,
for 1828, pp. 114-146.
% Cosmos, vol. iii. p. 272.
® Observations at the Cape, § 105-107.
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his having employed reflectors of ecqual powers in both
hemispheres), indicates, at lcast, a striking difference in the
nature and cosmical position of nebulw, that is to say, in
refercnce to the directions in which they present themselves
to the observation of the inhabitants of the carth in the
northern or southern firmament.

We owe to the same great observer our first accurate
knowledge of, and cosmical survey of the distributidn of
ncbulee and groups of stars throughout the cntire heavens.
With a view of investigating their position, relative local
accumulation, and the probability or improbability of their
being arranged in accordance with certain characteristic
features, he classificd between three and four thousand objects
graphically, in divisions, cach embracing a space measuring 3°
Deelination and 16m. Right Ascension. The greatest aceu-
mulation of nebulous spots occurs in the northern hemisphere,
where they are distributed through Leo Major and Leo Minor;
the body, tail, and hind feet of the Great Bear; the nose of
Camelopardalus; the tail of the Dragon; Cancs Venatici;
Coma Berenices (where the north pole of the galaxy is
situated);® the right foot of Ddotes; and more especially
‘through the head, wings, and shoulder of Virgo. This zoné.»'.
which ‘has been termed the nebulous region of Virgo, con.
tains, as already stated,” one-third of all the ncbulous bodies
in a space cmbracing the cighth part of the swface of the
celestial hemisphere. It docs not stretch fur beyond the

® In the Cbsmos, vol. iii. p. 194, lines 5 and 6 from the
top, by an error of the press the words south pole and north
pole have been confounded.
.8 «In this regton of Virgo, occupying about one-cighth of
the whole surface of the sphere, one-third of the entire
nebulous contents of the heavens arc congregated,”=-Outlines,
p. 596.
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ecliptie, extending only from the southern wing of Virgo to the
extremity of Hydra and to the head of the Centaur, without
reaching its feet or the Southern Cross. A less dense accu-
mulation of nebulm in the northern hemisphere, which ex-
tends further south than the former, has been named by Sir
John Herschel the nebulous reyion of Pisces. It forms a zone,
‘beginning with Andromeda, which it almost entirely incloses,
stretdhing beyond the breast and wings of Pegasus, and the
band uniting the Fishes, and extending towards the southern
galactic pole and Fomalhaut, A striking contrast to these
accumulations presents itself in the barren region lying near
Perseus, Aries, Taurus, the head and chest of Orion, around
Auriga, Ilercules, Aquila, and the whole constellation of
Lyra® If we dividé~all the nebule and clusters of stars
contained in the Northern Catalogue (of Slough), and clas-
sified according to Right Ascension (as given in Sir John
Tlerschel's Observations at the Cupe.) into six groups of four
hours cach, we obtain the following result :—

R Asc.Oh... 4h. .., .. .. 3811
4 .. 8 .. .. .. 1D
8 .12 .. .. .. GG
12 ..16 .. .. .. 830
16 ..20 .. .. .. 121
20 .. 0 .. .. ..

By a more careful scparation, according to Northern and
Southern Declination, we find that in the six hours Right
Ascension from 9h.—15h. there are accumulated 1,111 nebule

® In reference to this barren region, scc Olservations at
the Cape, § 101, p. 135.
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and clusters of stars in the northern hemisphere alone
T
From gh- e loh-!-- .o .0 90 Y
10 .. 11 .. .. .. 150
11 .12 .. . .. 251
12 .. 18 .. .. .. 309
13 ..14 .. ., .. 181
14 ..16 .. .. .. 180.

The actual northern maximum lies, therefore, between 12h.
and 18h., very near the north galactic pole. Beyond that
point, between 15h. and 16h. towards Hercules, the diminution
is so rapid that the number 130 is followed directly by 40.

'The southern hemisphere presents not only a smaller num-
ber, but a far more regular distribution of ncbule. Regions
destitute of nebulre here frequently alternate with sporadie
nebule. An actual local accumulation, more dense indeed
‘than the nebulous region of Virgo in the northern heavens,
occurs only in the Great Magellanic Cloud, which alone
contains as many as 300 nebule. The immediate polar
regions of both hemispheres are poor in ncbulw, and to a
distance of 15° the Southern Pole is still morc o than the
Northern, in the ratio of 4 to 7. The prescnt North Pole
exhibits a small ncbula, only 5 minutes’ distance from it,
whilst a similar ncbulous body, which Sir John Herschel has
aptly named Nebula polarissima Australis, (No, 3176 of his
Cape Catalogue, R. A. 9h. 27m. 56s.; N. P. D. 179° 34' 14)
is situated at a distance of 25 minutes from the South Pole.

® T have based these numecrical data on a computation of
the numbers yielded by the projection of the northern
heavens as given in Observations at the Cupe, pl, xi.
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This paucity of stars in the south polar fegion, and the
ahsence of any pole-star visible to the naked eye, were made
the subject gf bitter lamentation by Amerigo Vespucci‘and
Vicente Yaficz Pinzon, when, at the close of the fifteenth
century, they penctrated far beyond the equator to Cape San
Augustin, and when the former even expressed the erroncous

°op!nion that the fine passage of Dante, “Jo mi volsi @ man
destra, e posi mente . and the four stars described as
“non iste mai fuorch’ alla prima gente,” 1cferred to antarctic
polar stars.

# Humboldt, Examen critique de I Ilist. de la Géographie,
tom. iv. p. 319. The Venetian Cadamosto (more properly
“called Alvise da Ca da Mosto) first turned his attention to
the discovery of the position of a south-polar star, when in
company with Antoniotto Usodimare at the mouth of the
Sencgal, in 1454, in the course of one of the many voyages in
which the Portuguese engaged, under the auspices of the
Infante Don Henrique, for the purpose of advancing along
the western shores of Africa, beyond the equator. *+ While
I still sce the north polar star,” he writes, being then in
about 13° north latitude, “I cannot see the south polar star
itself, but the constellation which I perccive towards the
south, is the Carro del ostro, (waggon of the south); (Aloysis
Cadam. Nariy., cap. 43, p. 32; Ramusio, Delle Navigationi et
Viaggl, vol. i. p. 107). Could he have traced the figure of a
waggon among some of the larger stars of the constellation
Argo? ‘The idea that both poles had a constellation of the
“Wain" or waggon, appears to have been so universal in that
age that there is a drawing of a constellation perfectly similar
to Ursa Minor, supposed to have been seen by Cadamosto,
both in the Jtinerarium Portugallense, 1508, fol. 23 b, and
in Grynwus, (Novus Orbis, 15632, p. 58); whilst Ramusio
"(Navigationi, vol. i. p. 107), and the new Collecgio de No-
ticias para a Hist. e Geog. dus Nagoes Ultramarinas (tom. ii.
Lisboa, 1812, p. 57, cap. 39), in the placc of the former, give
n equally arbitrary drawing of the Southern Cross. (Hum-
})oldt, Examen crit. de U Hust. de la Géogr. tom, v, p. 236.)
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‘We have hitherto considered ncbul® in reference to their
number and their distribution in what we call the firmament,
—an"” apparent distribution which must not, however, be

Since, in the middle ages, and probably for the sake of re-

lacing the two Dancers, xopevrar, of Hyginus (Poet. Astron.
iii. 1), 4. e. the Ludentes of the Scholiast of Germanicus,
or the Cusfodes of Vegetius in the Lesser Wain, the siars
B and & of Ursa Minor had been denominated the Guards,
le due guardie, of the ncighbouring north pole, on account
of their rotation round that point, and as this designation,
as well as the habit of determining polar altitudes by
these Guards (Pedro de Medina, Arie de Navegar, 1545,
1ib. v. caps. 4-7, pp. 183-195,) was familiar to the European
pilots of all nations in the northarn seas ; so erroneous conclu-
sions led men to believe from analogy that they could recog-
nize in the southern horizon the polar star which had so long
been sought for. It was not until Amerigo Vespucei's
second voyage (from May, 1499, to September, 1500), when
he and Vicente Yafiez Pinzon (both voyages are perhaps one
and the same) advanced as far in the southern hemisphere
a8 Cape San Augustin, that they devoted themsclves dili
gently, but to no purpose, to the scarch for a visible star in
the immediate vicinity of the South Pole. (Baudini, Vita e
Lettere di Amerigo Vespucei, 1745, p. 70; Anghiera,
Oceanica, 1510, dec. i. lib. ix. p. 96; Humboldt, Ezamen
orit. tom, iv, pp. 205, 819, 325.) The South Pole was then
situated within the constellation Octans, so that 8 of Hydrus,
if we follow the reduction of Brisbaue's Catalogue, had still
a southern declination of fully 80° 5. ¢ While I was engaged
in observing the wonders of the southern heavens, and in
vainly seeking for a pole-star, I was reminded,” says Vespucei,
in his letter to Pietro Francesco de’ Medici, ¢ of an expression
made use of by our Dante, when, in the first chapter of the
Purgatorio, he depicts a presumed passage from one hemi-
sphere to the other, and in deseribing the Antartic Pole, says,
Jo ms volsi a man destra. . . . . . lnmy opinion the
author intended in-these verses to indicate the pole of the
other firmament by his four stars (non viste mai fuorch’ alla
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confounded with their actual distribution through the regions
of space. We now, therefore, procced to the consideration
of the remgrkable differences presented by their individual

prima gente). I am the more certain of this, because I
actually saw four stars, which together formed a lozenge, and
* had a slight (}) movement.” Vespucei refers to the Southern
Crcks, la croce mararigliose of Andrea Corsali (Letter from
Cochin, dated Junuary 6, 1515, in Ramusio, vol. i. p. 177),
whose name he did not then know ; but which, subscquently
served to mark to all pilots the position of the South Pole
(as B and o Urs. Min. indicated the North Pole. (Mém. de
¥ Aead. des Sciences, 1666-1699, tom. vii. part 2, Paris, 1729,
. 8.) This constellation also served for determinations of
titude. (Pedro de Medina, Arte de Navegar, 1545, lib. v.
cap. xi. p. 204.) Compare my investigatiou of the celebrated
passage of Dante in the Zramen crit. de UHist. de lu Géogr.
tom. iv. pp. 319-33L I there drew attention to the fact that
@ of the Southern {ross, which was carcfully observed in
modern times, by Dunlop (1826), and by Rimker (1836),
at Paramatta, is one of those stars whose multiple nature was
first recognized in 1681 and 1687 by the Jesuits Fontaney,
Noél, and Richaud. (/list. de U Acad. dep. 1686-1699, tom. 1,
Par, 1733, p. 19; 3ém. de U dead. dep. 1666-1699, tom, vii.
2, Par, 1729, p. 206; Letires édifiantes, recuel vii. 1703,
P- 79.)  This carly recognition of binary systems. long before
that of ¢ Ursie Maj.  Cosnos, vol. iii. p. 252), is the more
remarkable, as Lacaille, seventy years later, did not describe
e Crucis as a double star ; perhaps (as Riinker conjectures),
because the main star and the companion were then not suffi-
ciently distant from cach other. (Compare Sir John erschel,
Observations at the Cape, § 183-185.) Richaud also disco-
vered the binary character of @ Centauri, almost simultaneously
with that of a Crucis, and fully nineteen years before the
voyage of Feuillée, to whom Henderson erroncously attributed
the discovery. Richaud remarks, * that at the time of the
Comet of 1689, the two stars which form the double stue
a Crucis were at a considerable distance from cach other;
but that in a twelve.fect refructor, both parts of ¢ Centauri .
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forms, which are either regular (globular, more or less
elliptical, annular, planetary, or resembling the photosphere
surrounding o star), or irregular and almost as difficult to
classify as those of the aggregated aqueous vapour of our
atmosphere—the clouds. The ‘clliptical (spheroidal) form®
has been regarded as the normal type of nebulw; this form
is most readily resolved into clusters of stars, when.it
assumes a globular shape in the telescope; but when on .
“the other hand, with instruments of equal powers, it appears
much flattened, clongated in onc dimension, and discoidal, it
is less easy of resolution.® Gradual transitions of form from
the round to the elongated, elliptical, or awl-shaped form, are
of frequent occurrence in the heavens. (Philos. Transact. 1833,
p- 494, pl. ix. figs, 19-24.) The ncbula is always condensed
around one or more central points (nuclei). It is only among
the class of round and oval nebule that we recognize
double nebule, in which, as no relative motion is perceptible
emong the individual nebulous bodics, cither in consequence
of its absence or its extremc slowness, we are deficient in &

could be distinctly recognized, and appeared to be nearly in
contact.”

 Qbservations at the Cape, § 44, 104.

4 Cosmos, vol. iii. p. 190 and note. As we have alread
remarked in refercnce to clusters of stars (Zbid., p. 193),
=ir. Bond, of the United States, succeeded, by means of the
great space-penetrating power of his refractor, in completely
resolving the very clongated, elliptical nebula of Andromeda,
which, according to Bouillaud, had been already deseribed
before the time of Simon Marius in 985 and 1428. It hasa
reddish light. Near this cclebrated nebula lics the still unre-
solved, but very similarly shaped ncbula, discovered on the
27th of August, 1783, by my honoured friend, Miss Caroline
Herschel, who died at an advanced age, universally esteemed,
[ Phislaa.) Transact. 1833, No. 61 of the Catalogue of Nebule,

2. 52, .
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criterion by which to prove the existence of a mutual relation .
between the two, as in distinguishing between physirally, and
merely optiaally double stars. Figurcs of double ncbulwx are
given in the Philos. Transact. for the year 1853, figs. 68-71.
Compare also Ilerschel, Outlines of Astr. § 878; Obsere. at
the Cape of Good Hope, § 120,

' “Annular nebule are of the rarest occurrence. According
to Lord Rossc, we arc acquainted with seven of these bodics
in the northern hemisphere; the most celebrated of these is
situated between g and o Lyree (No. 57, Messier; No. 3023
of Sir John Ilerschel’s Catalogue), and was discovered in
1779 by Darquicr at Toulouse, when Bode’s Comet passed
near it.,, Its apparent size is nearly equal to that of Jupiter’s
disc, and its form is an cllipse, whose greater and lesser axes
arc in the ratio of 5 to 4. The interior of the ring is not
black, but somewhat illumined. Sir William Herschel disco-
vered some stars in the ring, which has since been entirely
resolved by Lord Rosse and Mr. Bond® 'The splendid
annular nebule of the southern hemisphere, numbered 3680
and 3686, appear, on the contrary, periectly black in the
interior of the rings. The Iast-named of the two is not ellipti-
cal, but perfeetly round;® all are probably anuular elusters of
stars. 'The increasing power of optical instruments appears,
morcover, generally to render the contour of both elliptical
and annular nebulie less defined; thus, for instance, Lord

% dunular Nebula s —Ohservations at the Cape, p. 53 ;
Outlines of Astr. p. G02. * Nébuleyse peiforée :"—Arago,
in the Annuaire pour 1842, p. 423; Bond, in Schum. Astron.
Nauchr. No. 611.

@ Observations at the Cupe, p. 114, pl. vi. figs. 8 and 4.
Compare also No, 2072 in the Philos. Transact. for 1833,
P- 466. Sce Nichol, Zhoughts on the System of the World,
P. 21, pl. iv. and p, 22, pl. i. fig. 5.
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Rosse's colossal telescope cxhibits the annular nebuls of Lyra
in the form of a simple ellipse, with remarkable divergent,
thread-like nebulous appendages. The transformation effected
in a nebulous spot—Lord Rossc’s Crab ncbula—which ap-
pears in instruments of inferior power to be asimple elliptical
body, is particularly striking.

The so-called planctary nebule, which were first obserwved
by-the elder Ilerschel, and which rank amongst the fnost
remarkable phenomena of the heavens, although of less rare
occurrence than annular nebulw, do not number, according to
Sir John Herschel, more than 25, of which ncarly threc-
fourths lic within the southern hemisphere.  These bodics
present the most striking resemblance to planctary dises; the
greater number arc round, or somewhat oval, and either
sharply defined or indistinet and vaporous at the margins.
The discs of many of these ncbulic present a very uniform
light, whilst others appear mottled, or of a peculiar texture
as if curdled. No trace of condensation round a central point
has ever been observed. Lord Rossc has recognized five
planetary ncbulous spots to be annular nebulm, having one or
two central stars. The largest of these planctary ncbulw is
situated in the Great Bear (ncar B Ursx Maj.) and was dis-
covered by Méchain in 1781, The diameter of the disc® is
2 40". The planctary ncbula in the Southern Cross (No.
8365, Observations at the Cape, p. 100), with a dise having a
diameter scarcely equal to 127, exhibits the brightness of a
star of the 6°7th magnitude. Its light is indigo-blue, and the

- ® If we consider the planctary nebula in the Great Bear to

be a sphere having an apparent diamecter of 2’ 40", “and
assume its distance to be equal to the known distance of 61
C{lgni, we shall obtain an actual diameter for the sphere,
which is seven times greater than the orbit described by
Neptune.”—OQutlines, § 876.
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same colour, which is very remarkable in nebuls, is observed
in three other objects of the same form, although in the
Iatter the bluc is less intensc.® The blue colour of some
planetary nebulee does not militate against the possibility of
their being ebmposed of small stars; for we find blue stars
not only as the individual members of a pair of double-stars,
* but even stellar clusters composed entirely of bluc stars, or of
the ﬁltter interspersed with small red and yellow stars ®
The question whether planctary nebule are very remote
ncbulous stars, in which our telescopic vision is unable to
recognize the difference between a luminous central star, and
the vaporous envelope surrounding it, has already been consi-
dered in the beginning of my Delineation of Nature® Would
that Lord Rossc’s colossal telescope might finally be the means
of clucidating the naturc of these remarkable planctary va-
porous discs! Although there is considerable difficulty in
acquiring a clear conception of the complieated dynamie -

®© Qutlines, p. 603; Obscrvations at the Cape, § 47.
There is an orange-red star of the eighth magnitude in the
vicinity of No. 3365; but the planctary necbula retains its
deep indigo-blue colour when the red star is not in the field
of the telescope. The colour is, therefore, not the effect of
contrast.

8 Cosmos, vol. iii. pp. 184, 283, and note. The companion
and the main-star arc blue, or bluish, in more than 63 double
stars. Indigo-blue stars arc intermixed in the splendid,
many-coloured clusters of stars, No. 3435 of the Cape Cata-
logue SDunlop’s Catalogue, No. 301). An entircly uniform
blue cluster of stars is obscrved in the southern heavens.
(No. 573 of Dunlop; No. 3770 of Sir John Herschel.) This
cluster has a diameter of 3}, with prolongations mensuring
8 in length; the stars arc of the 14th and 16th magnitude.
(Observations at the Cape, p. 119.) S
s & 700mo:, vol. i. p. 68 and note. Comparc Owtlines,
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conditions under-which, in a globular or spheroidally flattened
stellar cluster, the rotating crowded suns, whose specific
density is greater towards the centre, constitute a system of
equilibrium;® this difficulty increases still more in those
circular, well-defined, planetary, nebulous discs which exhibit
a perfectly uniform brightness, without any inercase of in-
tensity towards the centre. Such a condition seems to depend
less upon sphericity of form (the state of aggregati%m of
many thousand small stars,) than on the existence of a
gascous photosphere, which is supposed, as in our Sun, to
‘be covered with a thin, untransparent, or very faintly illu-
minated stratum of vapour. Does the light in the planctary
nebulous dise appear to be thus uniformly diffused, simply in
consequence of the great distance, which causes the difference
between the centre and the margins to disappear ?

The fourth and last order of reguler nebule comprises Sir
‘William Herschel's nebulous stars, <. e. true stars surrounded
by a milky ncbula, which is very probably connected with,
and dependent upon, the central star.  Very different opinions
exist as to whether the nebula, which, according to Lord
Rosse and Mr. Stoney, appears to be perfectly annular in
some of thesc groups (Philos. Transact. for 1850, pl. xxxviii.
figs. 15 and 16), is sclf-luminous, forming a photosphere
like our Sun, or whether) which, however, is Icss pro-

. ® On thewlevelopment of the dynamic relations manifested
in the partial attractions in the jnterior of a globular cluster
of stars, which appears in a tel#scope of weak power, as a
round nebula increasing in density towards the centre, sec
Sir John Herschel, in Qutlines of Astronomy, § 866 and
872; Obgervatigns at the Cape, § 44, 111 to 113; Philos.
Transact. for 1883, p. 501; Address of the President in the
Report of the Fifteenth Meeting of the British Association,
1845, p. xxxvii, «
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bable) it is simply illumined by the central S, It wii
the opinion of Derham, and to some extent also of Lacaille,
who discovered muany nebulous stars at the Cape of Good
Hope, that the stars were situated far from the nebule on
which they were projected. Mairan appears (1731) first to
have expressed the view that nebulous stars are surrounded by
an gtmosphere of light appertaining to them.®® We even
find %hat some of the larger stars (of the 7th maguitude,
for instance, as No. G675 of the Catalogue of 1833), have a
photosphere, whose diameter measures from 2’ to 5°.%

The large nebulons masses of irregular configuration com-
pose a class of nebule differing entirely from those we have
deseribed as regular, and which are, at all events, faintly
defined. They are chargeterized by the most variously un-
symmetrical forms, having indefinite and confused outlines,
These bedics, which constitute mysterious phenomena sus
generis, have mainly given oceasion to the opinions advanced
in reference to the existence of cosmical clouds and self-
tuminous nclule, supposed to be distributed through the
regions of space, and to resemble the substratum of the
zodiacal light.  These drregular nebule, which cover a por-
tion of the firmament several square degrees in extent,
present a striking contrast with the smallest of all the
regulur isolated and oval ncbulous dises, which is equal
in luminous intensity to a telescopic star of the 14th
magnitude, and is situated between the constellations Ara

® Mairan, Traité de l‘.}urorc boréale, p. 203; Arngo,_'ip
the Annuaire pour 1842, pp. 403-413.

® In other instances these nebulous stars are only of the
“eighth to the ninth magnitude: as Nos. 31% and 450 of the
Catalogue of 1833, fig. 31, having photospheres of 1' 30"
(Outlines, § 879.) -

VOL. IV, L
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and Apus, in the southern hemispherc.® No two of the
unsymmetrical, diffused ncbulous masses resemble one au-
other;® but, adds Sir John Herschel, from the experienee of
many ycars’ observation, one thing obscrved in refrence to
them, and which gives them a peculiar character, is, that
all are situated within or very ncar to the margins of the
Milky Way, and may be regarded as offi-shoots from it. o On
the contrary, the regularly shaped and well-defined $mall
nebulous spots arc partly seattered over the whole heavens,
and partly compressed togeiher in special regions, far from
the Milky Way, as, for instance, in the northern hemisphere,
in the regions of Virgo and DPisces. Although the large
“irregular nebulous mass in the sword of Orion is certainly
situated at a considerable distance from the visible margin
of the Gulaxy (fully 15°), still even it may perhaps belong
to that prolongation of its branch which apars to’lose itself
from a and e Persei towards Aldcluran and the Hyades, and
to which we have alrcady referred at p. 199. The brilliaut
stars which gave carly cclebrity to the constellation of Orion,

% Qbservations at the Cape, p. 117, no. 3727, pl +i. fig. 16.

8 We mect with remarkable forms of iriegular nebulw, as,
for instance. the omega-shaped (Observations at the Cape, pl. ii.
fig. 1, No. 2008), which has been investigated and deseribed
by Lamont, and by a meritorious North Am.rican astronomer,
Mr. Mason, whose carly loss is much to be lamented (Jlem.
of the Amer. Philos. Socicty. vol. vii. p. 117); ancbula having
rom 6 to 8 nuclei (Obscreations at the Cupe, p. 19, pl, iii.
fig. 4); the comctary tuft-like form in which the ncbulous
rays scem occasionally to expand, as from a star of the ninth
magnitude (pl. vi. fig. 18, Nos. 2534 and 3688): a silhouctte
profile, or bust-like outline (pl. iv. fig. 4, No. 3075); a
fissure-like opening, inclosing a filiform nebula. (No. 8501,
5 l.uif.) fig.' 2; Qutlines, § 883; Obscrvations at the Cape,
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are, morcover, reckoned to belong to that zone of very large,
and probably less remote stars, whose prolunged dircction
indicates thg vast circle of the Southern Galuxy, passing
through e Orionis and a Crucis.*
The opinion which at one time prevailed so extensively®
of the existence of a yalary of nebule intersecting the stellar
" Millgy Way almost at right angles. has not been confirmed by
more reeent and accurate obscrvations in reference to the
distribution of symmetrical nebulwe in the firmament.®  There
certainly are, as has alrewdy Leen observed, very great aceu-
mulations at the northern pole of the Galaxy, while a very
considerable abundance of nebulous matter is also obscrved
at the south galactic pole near Pisces; but in eonscquence of
the many interruptions which break the zone, we are unable
to indicate, any large circle connecting these poles together,
and formed by a continued line of nebule.  Williane Ier-
schel. in advancing this view in 1784, at the close of his first
‘treatise on the structure of the Leavens, developed it with a
caution worthy of such an observer, and from which doubt
was not entirely excluded.
Some of the irregular, or rather unsymmetrical nebulo

& Cosmos, vol. iii. p. 199, Outlines, § 785.

® Cosmos, vol, i. p. 111 and note: Sir John IJerschel's
first edition of his 7 catise v LAstronviny, 1833, in Lardner's
Cabinet Cyclopedia, § 616; Liutrow, Zicorelische dstro-
nomie, 1834, th. ii. § 234.

® Sce Ldinburgh Reriew, January, 1548, p. 187, and
Observations at the Cape, § 96, 107. “'I'he distribution of
the nebule is not like that of the Milky Way,” says Sir John
Herschel, “in a zone or band encircling the heavens; o: if
such a zore can be at all traced out, it is with so many inter-
ruptions, and so faintly marked out through by far the greater

rt of its circumference, that its existence as such can be
mrdly more than suspected.” :

D2
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(as those in the sword of Orion, near g Argls, in Sagittarius
and in Cygnus), are remarkable for their extraordinary size; .
others, (as Nos. 27 and 51 of Messier’s Cataloguc) for theiy
singular forms. ‘

It has already been noticed in reference to the large nebula
tn the sword of Orion, that Galileo never mentioned it
although he devoted so much attention to the stars betyween
the girdle and the sword® and even sketched a map of this
region of the heavens. That which he names Nebulosa
Orionis,-and delineates in the vicinity of Nebulosa Prasepe,
he expressly declares to be an accumulation of small stars,
(stellarum constipatarum) in the head of Orion.  In the drawing
which he gives in the Siderius Nuncius, § 20, extending from

& « There can be no doubt.” writes Dr. Galle, ¢ that the
drawing” (Opcre di Galilei, Padova, 1744, tom. ii. p. 14,
No. 20,) * which you gave me includes the girdle and sword
of Orioa, and consequently also the star 0, but it is difficult,
owing to the striking inaccuracy of the drawing, to recognize
the three small stars in the sword (the middle one of which
is 6), and which appear to the unaided eye to be placed in a
straight line. I conjecture that you have corrcetly desig-
nated the star ¢, and that the bright star to the right and
below, or the one immediately above it, is 0.” Galileo
expressly says, *In primo integram Orionis (‘onstellationem
pingere decreveram: .verum, ab ingenti stellarumn copi,
temporis vero inopia obrutus, aggressionema hane in aliam
occasionem distuli.” Considering Galileo's observation of
the constellation of Orion, we are the more struck by the
circumstance that the 400 stars which he thought he had
counted between the girdle and the sword of Orion'in a
space of ten square degrees (Nelli, Fita di Galilei, vol. i.
P. 208), should subscquently (according to Lambert, Cos-
molog. Briefe, 1760, p. 155,) have led him, to the erroneous
estimate of 1,650,000 stars for the whole firmament. (Struve,
Astr. stellaire, p. 14 and note 16.)
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* N\
the girdle to the beginning of the right leg (a Orionig), 1 re-
cognize the multiple star 0 above the star ¢. The instruments
employed by Galileo did not magnify more than from cight *
to thirty times. It is probuble that as the ncbula in the
sword is not isolated, but appears, when seen through imper-
feet instruments or a hagy atmosphere, like a halo round the
staa 6, its individual existence and configuration may have
cscaped the notice of the great Florentine observer.  He was
morcover little inclined to assume the existence of nebule®
It was not until fourteen years after Giulileo’s death, in the
year 1656, that’ Huygens first observed the great nebula of
Orion of which he gave a rough sketeh in the Systema Satur-
nium, which appeared in 1659 * While,” says this great man,
“I was obscrving, with a refractor of twenty-five feet focal
length, the variable belts of Jupiter. a dark central belt in -
Mars and some fuint phases of this planet, my attention was
attracted by an appearance among the fixed stars, which, as
far as I know, has not been observed by any one else, and
which, indeed, could mot be recognized, exeept by such
powerful instruments as I cmploy.  Astronomers cnumerate
three stars in the sword of Orion. Iving very near one ano-
ther. On one occasion when, in 1656, I was accidentally
observing the middle one of these stars through my telescope,
I saw twelve sts instead of a single one, which, indeed,
not uufrequently happens, in using the telescope. Three of
this number were almost in contact with one another, and
Jour of them shone as if through a mist, so that the space
around them, having the form drawn in the appended figure,
appeared much brighter than the rest of the sky, which was
perfectly clear, and looked almost black. 7This appearance

@ Cosmos, vol. ii. p. 714
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( Jed, therefore, almost as if there were a Aiatus or inter-
ption. I have frequently observed this phenomenon, and
"up to the present time as always unchanged in form; whence
it would appear that this marvellous olject, be its nature
what it may be, is very probably permanently situated at this
spot. I ncver observed anything sjmilar to this appearance
in the other fixed stars.”” (The nebulous spot in Andrompeda,
described fifty-four years earlier by Simon Marius, must there-
fore either have been unknown to him, or did not attract his
attention.) 'That which has usually been regarded as nebu.-
lous matter, adds Huygens, * cven the Milky Way, when
seen through tclescopes, exhibits nothing ncbulous, and is
nothing more than a multitude of stars, thronged together
in clusters.’® The animation of this first description tes-

® «Ex his autem tres ille pene inter se contiguee stellem,
cumque his ali® quatuor, velut trans nebulam lucebant: ita
ut spatium circa ipsas, qua forma hic conspicitur, multo
illustrius apparerct rcliquo omni calo; quod cum apprime
serenum esset ac cerncretur nigerrimum, velut hiatu quodam
interruptum videbatur, per quem in plagam magis lucidam
csset prospectus. Idem veroin hane usque diem nihil immu-
tata facie sepius atque codemn loco conspexi; adeo ut per-
petuam illic sedem habere eredibile sit hoe quidquid est por-
tenti: cui certe simile aliud nusquam apud reliquas fixas
potui animadvertecre. Nam cwterm ncbulose olim  existi-
mate, atque ipsa via lactca, perspicillo inspectm, nullas
nebulas habere comperiuntur, neque alind esse quam plurium
stellarum congeries et frequentin.”—Christiani Hugenii, Opera
varia, Lugd, Bat. 1724, pp. 540-541. « Of these, howcver,
those thrce almost contiguous stars, and, with these, four
others shone, as it were, through a nebula ; so that the space
around them, as is shown in this’ figure, is much more bril-
liant than all the rest of the sky; and when this is very.
serene and appeurs quite dark, it secmed broken by a sort
of gap, through which onc looked upon a brighter region
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tifies the freshness and depth of the impressions produced on
his mind, but how greag is the distunce from this first sketch
made in the middle of the seventeenth century, and the
somewhat Icks imperfeet deseriptions of Picard, Le Gentil,
and Messier, to the admirable delincations of Sir Johu Ierschek
(1837), and of William (‘ranch Bond (1848), the Dncctor of
lh(‘}Ohnu‘\ atory at Cambridge, U.S. !4

The former of these two astronomers had the great advane
tage® of obscrving the nebula in Otion, since 1834, at the
Cape of Good 1lope, at an altitude of 60°, and with a twenty-

behind.  The same thing I have since beheld over and over
again, without any change in its appearance and in the same
position, so that one might almost believe that this mar-
vellous objeet, whatever 1t is, 15 permanently fixed there;
it is certain I have nowhere clve noticed anything similar to
this in the other fixed stars,  For those which have generally
been considered as nebule, and even the Milky Way itself,
when scen through a teleseope., ave found to have nothing
ncbulous about them, but are nothing more than a multi-
twde of several stars clustered tnwv'hm ITuygens himself
estimated the powers he cmploved in his twes y-five feet
refractor as equal to a huadred diameters (p. 538).  Are
the “guatuor stelle trans nebulam lueentes™ the stars of
the tmpe zium 2 The small and very rough sketeh (Tab. xlvii.
fig. 4, Lhenomenun in Orione Novun, ) represents only a
gwup " of three stars, near an indentation which one might
certainly regard as the Sinus Maynus.  Perhaps the drawing
gives only the three stars in the trapezium, which range from
the fourth to the seventh magnitude. Dominique “Cossini
moreover boasts that he was the first who observed the fourth
star.,

“ William Cranch Bond, in the Transactions of the Amc=
rican Academy of Aris and Sciences, new series, vol. iii,
Pp. 87-96.

“® Observations at the C’apc, §5-&-69 pl. viil. ; Outlines,
§ 837 and 885, pl. iv. fig. 1
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feet reflector, by which means he was cnabled to render
his earlier dclineations of 1824-1826 more perfect.® The
positions of 150 stars, mostly of from the fiftcenth to the
cighteenth magnitudes, in the vicinity of 0 ' Orionis were
~determined. The celcbrated trapezium, which is not sur-
rounded by a nebula, is formed of four stars of the fourth,
sixth, seventh, and eighth magnitudes. The fourth sta{,wus
discovered (in 1666#) by Dominique Cassini, at Bologna i@
. the 5th (') in 1826, by Struve ; and the sixth ('}, which is
of the thirtcenth magnitude, in the year 1832, by Sir John
Herschel. De Vico, the Director of the Observatory at the
Collegio Romano, announced in the beginning of the year
1839, that he had discovered three other stars in the trape-
zium with his great Cauchoix refractor. These have not
been observed cither by Sir John Herschel or Mr. Bond.
That portion of the nchula nearest the almost unncbulous
trapezium, and forming, as it were, the anterior part of the
head above the throat, the reyio Iuygeniana, is speckled, and
of a granular texture, and has been resolved into clusters of
_ stars both by Lord Rosse’s eolossal telescope and by the large
Cambridge (U.S.) refractor®  Many positions of the smaller

® Sir John Herschel, in the Memoirs of the Astronomical
Society, vol. ii. 1824, pp. 487-195, pl. vii. viii, The latter
of these gives the nomenclature of the separate regions of the
nebula in Orion, which bave been explored by so many
astronomers.

% Delambre, Hist. de I Astron.” moderne, tom. ii. p. 700,
Cassini reckoned the appearance of this fourth star (‘¢ aggi-
unta della quarta stella alle tre contigue,”) among the chauges
which had taken place in the ncbula of Orion in his time.

® It is remarkable, however, that within the arca of the
trapezium no nebula exists. The general aspect of the less
luminous and cirrous portion is simply ncbulous and irresolv-
able, but the brighter portion, immediately adjacent to tho
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stars have been determined by-accurate observers of the
present day ; as, for instauce, Lamont at Munich, and Cooper
and Lasscll in England. The first named of these em-
ployed a 1,200-fold magnifying power. Sir William Herschel
was of opinion, from a comparison of his own observa-
tions made with the same instruments, from 1783 to 1811,
tha{ alterations had taken place in the velative brilliancy and
in 't"xe outlines of the great nebula of Orion.®  Bouilland
and Le Gentil had maintained the same opinion in reference
to the nebula in Andromeda ; but the thorough investigations
of Sir John 1lerschel have rendered the occurrence of any
such cosmical changes. although formerly considered to be
well established, exceeding!ly doubtful, to say the least.

The large nebule round y Aryits, is situated in that portion
of the Milky Way, which extends from the feet of the Cen-
taur, through the Southern Cross, towards the middle part of
Argo, and is so distinguished by the intensity of its mag-

trapezium, forming the square front of the head, is shown
with the eighteen-iuch reficetor broken up into masses (very
imperfectly represented in the figure), whose mottled and
curdling light evidently indieates, by @ sort of granular
teature, its consisting of stars, and when examined under the
great light of Lord Rosse’s reflector, or the exquisite defining
power of the great achromatie at Cambridge, U. 8., is evi-.
dently pereeived w consist of elustering sturs.  There can,
therefore, be litile doubt as 1o the whole consisting of stars,
too minute to be dixcerned individually even with these
powerful aids, but which become visible as points of light
when closely adjacent in the more crowded parts.”—( Outlines,
p- 609.) Willium C. Bond, who made use of a twenty-five feet
vefractor, having a fourteen-inch object-glass, says, “The.o
i8 a great diminution of ligght in-the iuterior of the trapezium,
but no suspicion of a star.” (Memoirs of the American Aca-
demy, new series, vol. iii. p. 93.)
® Philos. Transact. for the year 1811, vol. ci. p. 324,
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nificent effulgence. The light cmanating from this region is
80 extraordinary that Captain Jacob, an accurate observer,
nd a resident in the tropical parts of India, remarks, entirely
in harmony with my prolonged experience: * Such is the
general blaze from that part of the sky, that a person is
immediately made aware of its having risen above the
horizon, though he should not be at the time looking at the
-heavens, by the increase of gencral illumination ot the
atmosphere, resembling the effeet of the young Moon.” ™
The nebula, in the midst of which lics the star 5 Argls,
which has become so cclebrated for the alterations observed
in the iutensity of its light, covers a space of more than $ths
of a square degree.™  The nebula itsclf, which is divided
into many unsymmetrical masses of unequal luminous inten-
sity, nowhere exhibits the speckled. granulur appearance which
admits of the assumption of its resolvability. It incloses a sin-
gularly shaped, oval vacancy. covered with a faint glimmer of
light. A finc delincation of the entire appearance, the result of
two months’ measurements, is given in Sir John Herschel's Ob-
servations at the Cupe.™  This observer determined no less than
1,216 positions of stars, gnostly from the fourteenth to the six-
teenth magnitudes, in the ncbula of 9 Argiis, These extend far
beyond the ncbula into the Milky Way, where they stand
clearly forth on the deep black ground of the sky, and they
are probably, therefore, unconnceted with, and far removed
from, the nebula itsclf. The whole contiguous portion of the
Milky Way is, morcover, o ricii in stars (not clusters), that

. ™ Transact. of the Royal Society of Edinburgh, vol. xvi.
1849, part iv. p. 445.
" Cosmos, vcl. iii. C[:p. 240-243.
™ Observ. ut the Cape, § 70-90, pl. ix.  Outlines, § 887,
pl. iv, fig. 2.’ ‘
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by moans of the telescopic star-gauges 8.138 stars have been
found for every mean square degree between R. A. 9h. 50m,
and 11h. 34m. These numbers cven increase to 5,093 in the
sweeps for K. A. 11h. 24m. that is to say, for one square
degree of the firmament, a number of stars greater than those
which are visible to the naked eye in the horizon of Paris or
Alegandria, from the first to the sixth magnitude.®

Tic'e nebule in Sagittarius, which is' of considerable size,
appears as if composed of four separate masses (R. Ase.
17h. 53m.; N. P. Decl. 114° 21°), one of which is again,
three-membered.  All are interrupted by spots free from
ncbulous matter, and the whole way imperfectly observed by
Messicr.®

The nebule in Cygnus are several irrezular masses, one of
which forms a very marrow divided bund, passing through
the double star 4y Cygni. ason was the first to recognize
the conicction of these musses, so widely ditivrent, by means
of a singular cellular tissue.™

The nebula in ulpes was imperfeetly seen by Messier (No.
27 of his Catalozuc) when he was making an observation of
Bode's Comet in 1779, Sir John Merschiel was the first who
delineated and aceurately determined its position (R. Ase.
19° 52’; N. P. Decl. 67° 43").  This ncbula, which is not of
an irregular form, first received the name of the * Dumb-
bell,” on the application of a reflector with an cighteen.inch
aperturc. (L%ilos. Trumsact. for 1833, No. 2000, fig. 26;

B Cusmas, vol. iii. p. 112,

™ Observ. at the Cape. § 24, pl. 1. fig. 1. No. 3721 of the
Catalogue; Qutlines, § 888,

™ The ncbuly in Cygnus, partly in R. Asc. 20h, 49m.;
N. P. Decl. 58° 27, (OQutlines, § 891.) Compare Catalogue
of 1833, No. 2092, pl. xi. fig. 34.
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Outlines, § 881.) This similn:"ty to a dumb-bell entirely
disappeared in Lord Rosse's reflector of three-feet aperture.®
(See his recent important delincation, Philos. Tranact. for
1850, pl. xxxviii. fig. 17.) It-was also succes¥fully resolved
into numerous stars; which, however, continued mixed with
ncbulous matter.

The spiral nebula n the more northern of the Canes Venalics
was discovered by Messier on the 13th of October, 1773 (on
the occasion of his discovery of the Comet), in the left ear of
Asterion, very near 5 (Benetnasch) in the ail of the Great
Bear (No. 51 of Messier, and No. 1622 of the greit Cata-
logue published in the Plilos. Transact. for 1833, p. 496,
fig. 25.) Tkis is one of the most remarkable phenomena in
the .firmament, both on account of its singular configuration,
and of the unexpected transformative cffect produced on its
appearance by Lord Rosse’s six-feet speculum. In Sir John
Herschel's eighteen-inch reflector, the ncbula presented the
appearance of a spherical body, surrounded by a far distant
rivg, so that it cxhibited, as it were, an image of our
starry stratum with its galactic ring.” But in the spring of
1845, the large Parsonstown tclescope transformed the whole
into a helicine twisted coil—a luminous spiral, whose convo-
lutions appcar uncqual, and are prolonged at both extre-
mities, both in the centre and outwards, into dense, 'gmnulnr,
globular nodules. Dr. Nichol made a drawing of this object,

™ Compare pl. ii. fig. 2 with pl. v. in Thoughts on

"some tmportant_points relating lo the sysiem of the world,

1846, (by Dr. Nichol, Profcssor of Astronomy at Glasgow),

p. 22. “Lord Rosse,” says Sir John Herschel, Outlines,
p- 607, «describes and figures it as resolved into numerous
stars with much intermixed nebula.”

™ QOosnpos, vol. i. p. 141 and note, where the ncbula,
No. 1622, is termed a * brother-system.” B
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which was laid before the Meeting of the British Assuciation -
at Cambridge, in, 1845, by Lerd Rossc.™ But the most perfect
delineation of $his nebula has been given by Mr. Johnstone
*Stoney. (Plilos. Transact. 1850, part i. pl. xxxv. fig. 1.)
A similar spiral form is observed in No. 99 of Messiér's Cata.
logue, which presents also a single central nucleus, and in
othenporthern nebule.

It still remains for us to notice, more circumstantially than
could be done in “ the general delineation of Nature,”™ an
object which is unparalleled in the world of forms exhibited
throughout the firmament, and by which the picturcsque
effect of the southern hemisphere—if I may be permitted
to use the expression—is heightened. The two Magellanie
Clouds, which were probably first named Cape Clouds by
Portuguese, and subsequently by Dutch and Danish pilots,®
most strongly rivet the attention of travellers, as 1 can testify
from personal experience, by the intensity of their light, their
individual isolation and their common rotation round the
South Pole, although at difivrent distances from it. We
learn from the express mention and definite deseription of
these circling clouds of light by the Ilorentine, Andrea
Corsali, in his travels to Cochin, and by the Sceretary of

® Report of the Fifteenth Meeting of the British Asso-
ciation for the Advancement of Science, Notices, p. 4; Nichol,
Thoughis, p. 23. (Con.pare pl. ii. fig. 1, with pl. vi) In
the gutlines, § 882, we find the following passage: *“The
whole, if not clearly resolved into stars, has a resolvable
character, which evidently indicates its composition.”

" Cosmos, vol. i. p. 69 und note.

® TLacaille, in the Mém. de U Aead. année 1755, p. 195,
This is an unfortunate confusion of terminolegy, in the same
manner as Horner and Littrow call the Coal-bags Magellanio
spols, or Cape Clouds.
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Ferdinand the Catholic, Petrus Martyr de Anghiera, in bhis
work De rebus Oceanicis et Orbe novo (dee. i. lib. ix. p. 86),
thet the designation which rcfers to Magellyn’s circumna-
vigation is not the older name.® For the notices herc
indicated are both of the ycar 1515; whilst Pigafetta, the
companion of Magellan, docs not meation the nebbictte in
his journal emrlier than Junuary, 15621, when the ship # Vie-
toria” passed through the I’atagonian Straits into the South
Bea. The very old designation of “*Cape Clouds” did not,
moreover, arise from the vicinity of the more southern con-
stellation of ¢ Table mount,” since the latter was first intro-
duced by Lacaille. The name would more probably scem to
refer to the actual Table Mountain, and to the appearance of a
small cloud on its summit, which was dreaded by mariners as
portending the coming of a storm. We shall presently see

. that both the nubecule, which had been long observed in the
southern hemisphere, although not definitely named, acquired
with the spread of navigation, and the increasing animation of
certain commercial routes, designations which were derived
from these very routes themselves.

The constant navigation of the Indian Cccan, washing the
shores of Eastern Africa, was the earlicst means—especially
since the time of the Lagides and the Monsun-navigation—of
making mariners acquainted with the stars near the Southern
Pole. As carly as the middle of the tenth century, we find,
as already obscrved, that the Arabs had given a name to the
larger of the Magellanic Clouds. This designation is, accord-
ing to Ideler’s researches, identical with that of the White
Oz, el-bakar of the celebrated astronomer, Derwisch Abdur-
rahmidn Sufi of Raj, a city in the Persian provinee of Irak.
In his Introduction to the knowledge of the starry heavens,

’

8 Cosmos, vol. ii. p. 665 and note.
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which he composed at the Court of.the Sultzns of the dynasty
of the Buyides, he says that ¢ below the feet of the Sukel (by
which he expressly means the Suhel of Ptalemy, Canopus,
although the Arabian astronomers named muny other large
stars of Argo, el-sefina, Suhel.) there is a ¢ white spot,” which
is invisible both in Irak (in the district of Bagdad and in
Nedgeh, *Nedjed,"yand in the more northern and mountainous
part of Arabia; but may be seen in the Southern Tehama,
between Mecea and the extremity of Yemen. along the coast
of the Red Sca.”®  The rclutive position of the 1kite Oz to
Canopus, is here indicated with sufficient accuracy for the
naked cye; for the Right Ascension of (‘anopus is Gh. 20m.,
and the eastern margin of the larger Magellanic Clouds lies
in Right Ascension 6h. The visibility of the Nubecule major
in northern latitudes cannot have been appreciably affected by
the precession of the cquinoxes since the tenth century,
for the maximum distance from the north was attained during
the succceding ten centuries  If we follow the recent de-
termination of position for the larger cloud by Sir John
Herschel, we shall find that it wus perfectly visible as far
north as 17° in the time of Abdurrahman Sufi; at the present
time it is scen in about 18° north latitude. ‘The southern
clouds must thercfore have been visible throughout the whole
of south-western Arabia, in Hadhramaut (noted for its frank.

incensc) as well as in Yemen, the ancient scat of civilization
[ .

® Idcler, ntersuchungen iiber den Ursprung und die Bedey.
tung der Sternnamen, 1809, p. xlix. 262. The name Ab-
duwrrahman Sufi was contracted by Ulugh Beg from Abd-.r.
rahman Ebn-Omar Ebn-Mohammed Ebn-Sahl” Abu'l-Hassan
el-Sufi el-Razi. Ulugh Beg, who like Nussir-eddin, amended
the Ptolemaic star-positions from his own obscrvations (1437),
admits that he borrowed from Abdurrahman Sufi's work, the
positions of 27 southern stars, not visible at Samarcand, -
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of Saba, and the long cstablished colony of the Jectdnides.
* The southernmost extremity of Arabia, at Aden, on the Straits
of Bab-el-Mandeb, is situated in 12° 45, and Loheia in 15° 44’
north latitude. The settlement of many Arabian colonies on
the castern coast of Africa between the tropics, north and
south of the equator, naturally led to a mor? speeial knows
ledge of the southern stars. ' y;

The western coasts of Africa beyond the line were first
visited by some of the more cultivated Furopean pilots (espe-
cially Catalanians and Portuguese). Undoubted documents,
such as the Map of the World of Marino Sanuto Torsello, of the
year 1306, the Genoese Portulano Mediceo (1351), the Planis-
ferio de la Palatina (1417), and the Mappa-mondo di Fra
Mauro Camaldolese (between 1457 and 1459); prove that the
triangular configuration of the southern extremity of the
African Continent was known 178 yeuars beforc the so-called
first discovery of the Cubo Tormentoso (Cape of Good Iope),
by Bartholomsus Diaz, in the month of May, 1487.% The
importance of such a eommercial route, rapidly increasing
from the time of Gama's expedition, was, on account of the
common aim of all West-African voyages, the occasion of
the two Southern Clouds being designated by the pilots Cape

® Sece my geographical investigations on the discovery of
the southern extremity of Africa, and on the statements of
Cardinal Zurla and Count Baldclli in the Ezamen crit. de
U Hist. de la Géographie auz quinziéme et seizieme stécles,
tom. i. pp. 229-348. The discovery of the Cape of Good
Hope, which Martin Bebaim calls the Terre Fragosa, and not
C"al)oe Tormentosa, was made, singularly enough, when Dias
came the east (from the Bay of Algoa, 33° 47’ south
latitude, and more than 7° 18’ east of Table Bay). Lich
tenstein, in Das Vateriéndische Museum, Hamburgh, 1810,
§872-389. : S
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Clouds, as remarkable celestial phengmena seen during esy-
.ages to the Cape.

- The constant endeavours made to advance along the
castern shores of Amcrica, beyond the equator, and even
to the southern extremity of the continent, directed the
attention of mariners uninterruptedly to the southern stars,
from the period of Alonso de Hojeda’s expedition, in which
Amcfigo Vespucei took part (in 1499), to that of Magellan
and Scbastian del Cano in 1521, and of Garcia de Loaysa %
with Francisco de Hoces in 1525. It would appcar from the
journals still extant, and from the historical tcstimony of
Anghiera, that the southern stars were made the special
Yobjects of attention during the voyage in which Amerigo
Vespucei and Vicente Yaiiez Pinzon discovered Cape San
Augustin in 8° 20" south latitude. Vespucei boasts on this
occasion of having scen three Canopi (one dark, Canopo
fosco; and two bright stars, Canopi risplendenti). We find
from an attempt made by Idcler, the ingenious author of
works on the *“Names of the Stars” and on *Chronology,”
to explain Vespucci's very confused deseription of the
southern heavens, in his letter to Lorenzo Pierfrancesco de'
Medici, of the party of the *“‘Popolani,” that Vespucci used
the name in ncarly as indefinite a manner as the Arabian

% The merit of the discovery of the southernmost extremity
of the new continent in 55° south latitude (whose importance
has not been sufficiently estimated), is due to Francis de
Hoces, who commanded one of the ships of the expedition of
Loaysa in 1525. It is very characteristically described in
Urdaneta’s Journal by the words acabamiento de tierra, “the
ceasing of land.” De IHoces probably saw a portion of Terra
del Fuego west of Staten Island, for Cape Horn is situated,
according to Fitzroy, in 55° 58’ 41", Sce Navarrete, Viages
y descubrim, de %aﬁ‘olu, tom. v. pp. 28, 404

VOL. IV. E
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astronomers -had used fhe word Sukel. Ideler shows that the
% Canopo jfosco nella via lattea,” must have been the black
spot, or large coal-sack in the Southern Cross; while the posi-
tion of three stars, in which are supposed to be recognized
4% B, and o of IIydrus, renders it very probable that the
¥ cancpo risplendente di notabile grandezza,” (of considerable
extent) is the Nubecula major, and the second risplendente
the Nubeculs minor® It is very singular that Vespucei
should not have compared these recently-noticed celestial
objects to clouds, as all other observers had done. One
"would have thought the comparison irresistible. Peter Mar-
tyr "Anghicra, who was personally acquainted with all the
discoverers, and whose lctters were written under th®
vivid impression excited in his mind by their narratives,
. describes, with striking truthfulness, the mild, but unequaj
cffulgence of the nubecule. He says: * Assecuti sunt Por-
tugallenses alterius poli gradum quinquagesimum amplius,
ubi punctum, (polum?) circumeuntes guasdam nubeculas licet
intueri, veluti in lactea via sparsos fulgores per universi ceeli
globum intra cjus spatii latitudinem.” ®#* The cxceeding fame,

% Humboldt, Eramen crit. de la Géogr. tom. iv. pp. 205,
29854-6316; tom, v. pp. 225-229, 235. Idcler, Sternnamen,
§ ® Petrus Martyr Angh. Occanica, dec. iii. lib. i. p. 217,
I can prove from the nunerical data in dee. ii. lib. x. p. 204,
and dec. iiil lib. x. p. 232, that the portion of the Oceanica.
in which the Magellanic Clouds are referred to, was written
.between 1514 and 1516, and therefore immediately after the
expedition of Juan Diaz de Solis to the Rio de la Plata (then
known as the Rio de Solis, una mar dulce). The latitudes are
much exaggerated. .

& « The Portuguese extended their discoveries to within

than 50 degrees of the South Pole, where they.plainly
o d certain ncbulw moving round the point (pole?),
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and the long duration of Magellan’s circummnavigation (from
August, 1519, to September, 1522), and the long sojourn
of 8 numerops crew under the southern sky, obliterated the
remembrante of all carlicr observations, and spread the name
of the Magellanic Clouds among all the scaturing nations of
the Mediterrancan.

‘We have thus shown by a single example how the exten-
sion ‘of the geowraphical horizon southward opened a new
field to contemplutive astronomy. There were four ob-
jects to which the attention of pilots was especially dirceted
in the new hemisphere, viz. the scarch for a southern polar
star, the form of the Southern Cross, which assumes a vertieal

" position when it passes through the meridian of the place of
observation. the Coal-sacks, and the circling clouds of light.
We lcarn from the treatise on the art of navigation (Arte de
Navevar, lib. v. eap. 11), by Pedro de Medina, which has been
translated futo many linguages, and first appeared in 1545,
that the meridian altitudes of the * Cruzero ™ were used as
early as the first Lalf of the sixteenth century for the deter-
minations of latitude.  Mewsurement soon succceded the
merely contemplative observation. The first work on the
position of stars contiguous to the antarctic pole was based
on the distances of known stars of the Rudolphine Tables, as,
calculated by Tycho Drahe. This work, as I have already
observed,® was composed by Petrus Theodori of Embden,
and Friedrich Iloutman of Ilolland, who navigated the
Indian Scas about the year 1594. The results of their.
measurements were speedily embodied in the Star-Catalogues

like the .luminous, spots scattered in the Milky Way
throughout the arch of heaven within the breadth of tha»
°e|"
¥ Cosmos, vol. ii. p. 666; vol. iii. pp. 151, 187.
. E2
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and celestial globes of Blaeuw (1601), of Bayer (1603), and
of Paul Merula (1605). Such were the materials for the
foundation of the topography of the southern heavens before
Halley (1677), and before the meritorious astronomical
researches of the Jesuits Jean de Fontaney, Richaud and
Noel. The intimate connection between the history of
astronomy and that of geography thus indicatcs those memo-
rable epochs in which (scarcely two hundred and fifty years
ago) men first acquired the knowledge nccessary for the
completion of the cosmical smage of the firmament and of
the configuration of continents. .
The Magellanic Clouds, the larger of which covers a celes
tial space of forty-two, and the smaller a space of ten square
degrees, certainly produce, at first sight, the same impression
on the unaided eye as might be excited by two- bright por-
tions of the Milky Way, equalin size and isolated in position,
The smaller cloud entirely disappcars in clear moonlight,
‘while the larger one only loses a considerable portion of its
brightness. Sir John Herschel’s delincation of these objects is
admirable, and accurately corresponds with the vivid impres-
sions excited in my own mind during my sojourn in Peru.
Astronomy is indebted to the laborious researches of this
observer at the Cupe of Good Ilope in 1837, for the first
accurate analysis of this most wondrous aggregation of hete-
" rogeneous elements.® Ile found a large number of individual

® Cbsmos, vol. i. p. 69 and note. Sce Observ. at the Cape,
. 148-164 ; pl. vil. gives a representation of the Magellanie
!(’J,l)duas as they appear to the naked eye ; pl. x. the telescopio
analysis of the Nubeculs Major, and pl. xi. fig. 4 (§ 20-23),
affords a special view of the nebula Doradis.  Outlines,
892-896, pl. v. fig. 1, and James Dunlop in the Philos.
..Transact. for 1828, part i. pp. 147-151. So erroneous were
the views of the carlier observers that the Jesuit Fontaney,
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and scattered stars, stellar swarms and globular clusters of
stars, and both oval regular and irregular nebule more closely
thronged together than in the nebulous zone of Virgo and
Coma Berentces. The nubecule cannot, therefore, from this
condition of complicated aggregation, be regarded, as has too
often been done, cither as exceedingly large nebulw, or as
detached portions of the Milky Way. For with the excep-
tion ‘of a small zone, lying between the constellation Ara
and the tail of the Scorpion, globular stellar clusters and oval
nebule are of rare occurrence in the Galaxy. ®

The Magellanic Clouds ate not connected with one another,
or with the Milky Way, by any appreciable nebulous
vapour. If we except the cluster of stars in the constel-

who was greatly esteemed by Dominique Cassini, and to
whom we are indebted for many valnable astronomical ob..
servations in India and China wrote as follows, so recently
as 1685. “Le grand ct le petit nuages sont deux choses
singuliéres. Ils ne paraissent aucunement un amas d'étoiles
comme Proesepe Caueri, ni méme une lucur sombre, comme
la nébuleuse d'Androméde. On n'y voit presque rien avee
de trés grandes luncttes, quoique sans ce secours on les voye
fort blancs, particulicrement le grand nuage.” *The large
and the small cloud are both very remarkable objects. They
do not appear a mere mass of stars, like Pracsepe in Cancer,
nor_ arc they a faint light, like the nebula in Andromeda.
Very little is to be scen within these bodies even with large
instruments, although when observed without such optical
aid they appear very white, and this is especially the case
with the large cloud.”—Leftre du Pére de Fontancy au Pére
de la Chaize, Confesseur du Roi, in the Lettres Ediﬁaﬂ.‘?e,
Recueil vii. 1708, p. 78; and IList. de U Acad. des Sciences
dep. 1686-1699 (tom. ii. Paris, 1733), £ 19. In my
description of the Magellanic Clouds, in the text, I have
exclusively followed Sir John Herschel's work. :
.. - Cosmos, vol. iii. p. 196, and note.
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lation Toucan,® Nubecula Minor is situated in a ‘portion
of the heavens barren of stars, and Nubccula Major in a
less starless region. The form and internal structure of the
latter are so involved that it presents many separate masses (as
seen in No. 2878 of Herschel's Cataloguc), which present an
accurate image of the aggregate condition of the whole clouds.
The conjceture advanced by the meritorious observer Horner,
that the clouds were once parts of the Milky Way, in which we
can, as it were, recognize their original place, is a myth, and
qmtc as unfounded s the assertion that they have wlubxted.
since Lacaille's time, a progressive movement—an alteration of
position. Their position was incorreetly given in conscequence
of the indistinctuess of their margins, when seen through
the older telescope having smaller apertures than, our more
recently constructed instruments; and Sir Jobn Ilerschel.
states that the lesser cloud is inserted about 1h, 1it. Asc. out
of its true position, in all cclestial globes and star-maps.
According to him Nubecula Jlinor lies between the meridians
of Oh. 28m. and 1h. 15m. N. P. Dcel. 162° and 165°;
Nubecula Major in Rt. Asc. 4h. 40m, — Gh. Om., and N. P,
Deel. 156 and 162°.  In the former he has catalogued accord-
ing to right ascension and declination no less thun 919 stars,

- nebulee, and clusters, and in the latter 241. With a view of
separatmw the three classes, I have counted ithe objects m
the catalogue, which I find gives for

Stars. Nebulm.  Clustera,
Nubecula Major 582 291 46
Nubeeula Minor 200 87 7

The meonsldernble number of ncbule contained-in Nubeculs
Mmor is very striking, for we find that, compared to the

ad

©  Cosmos, p. 192 and note,
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nebule in Nubecula Major they are only as 1 : 8, while the
ratio of the isolated stars is about 1:3. The catalogued
stars, almost §00 in number, are for the most part of the 7th
and 8th magnitudes; some few belong even to the 9th and
10th magnitudes. There is in the middle of the larger
cloud a ncbula, noticed by Lacaille, (30 Doradds, Bode,
No. 2941 of Sir John Herschel's Catalogue,) which is said to
resemble no other nebulous body in form. Although it
occupics scarcely ¢! sth of the arca of the whole cloud, Sir
John Herschel has determined the position of 105 stars of
from the 14th to the 16th magnitude in this space. These
stars are projected on the wholly unresolved, unilormly bright
and unspeckled nebula® ’

The Bluck Specks which attracted the attention of Portu.
guesc and Spanish pilots as carly as the close of the 15th and

" the beginning of the 16th centuries. circle round the southern
.pole opposite to the Magellanie Light-clouds, although at a .

greater distance from it. They arc probubly, as already
remarked, the Canopo fosco of the *“ three Canopi,” described
by Amerigo Vespueci in his third voyage. I find the first
definite notice of these spots in the 1st Decade of Anghiera's
work, * De Rebus Oceanicis,” (Dec. 1, lib. 9, ed. 1533,
p. 20,5.) “Interrogati a me nautee qui Vicentium Agucta
Pinzonum fuerant comitati (1499), an antarcticum viderint
polum; stellam sc nullam huic Arctice similem, quee discerni
circa punctum (polum?) possit, cognovisse inquiunt. Stel-
larum tamen aliam, ajunt, sc prospesisse faciem densamque |
quandam ab horizonte vaporosam caliginem, quwm oculos fere

" Sce Obsero. at the Cape, § 20-23 and 133, the beautiful
drawing, pl. ii. fig. 4, aud a special map of the gruphical
analysis. Pl x. as well as Qutlines, § 896, pl v. fig. 1. . -
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obtenebraret.”® The word stells is used here for a eclestial
constellation, and the narrators may not have explained
themselves very distinctly in reference to ae caligo which
obscured their sight. Father Joseph Acosta, of Medina del
Campo, gives a more satisfactory account of the Black Specks
and the cause of this phenomenon. Ile compares them, in
his Historia Natural de las Indias (lib. i. cap. 2), to the
darkened portion of the Moon's dise in respeet to colour and
form. “As the Milky Way,” he says, *“is more brilliant
because it is composed of denser cclestial matter, and hence
gives forth more light ; so likewise the Dlack Specks, which are
not visible in Europe, are entirely devoid of light, because
they constitute’a portion of the heavens which is barren,
i.e. composed of very attenuated and transparent matter.”
The error of a distinguished astronomer in supposing that this
description referred to the spots of the Sun,® seemis scarcely
less singular than that the missionary Richaud (1689) should
have mistaken Acosta’s “ manchas negras,” for the luminous
Magellanic Clouds.® '
Richaud, morcover, like the earliest pilots, speaks of the
Coal-sacks in the plural, mentioning two, of which the large
one was situated in the constellation of the Cross and another

® «T asked some mariners who had accompanicd Vicen.
- tius Agnes Pinzo (1499), whether they saw the antarctio
ole; and they told me that they did not observe any star
ike our North Star, which may be seen about the arectic pole,
‘but that they noticed stars in another form, having the
appearance of a dense and. dark vapour rising from the
horizon, which almost obscured their vision. .
8 Qosmos, vol. ii. pp. 665 and note. ’
® Mém. de ¥ Acad. des Sciences dep, 1666 jusqu'd 1695,
- §. vid. partie 2 (Paris, 1729), p. 206.- :
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in Charles’ Oak; the latter, according to other descriptions,
was subdivided into two distinct specks These were de-
scribed by Keuillée, in the early part of the eighteenth
* century, and by Horner (in a letter to Olbers, written from
Brazil in 1804), as undefined, and baving confused outlines.
I was uncble during my residence in Peru to discover any-
thing definite as to the Coal-sacks in Charles’ Oak; and as
I was disposed to aseribe this to the low position of the
constcllation, I applicd for information to Sir John Ilcr-
schel and to Riimker, the Dircctor of the Obscrvatory at
Hamburgh, who had been in far more Southern latitudes
than mysclf. Notwithstanding their endeavours, they were
equally unsuccessful in discovering anything that could be
compared for definiteness of outline and intensity of black-
.ness with the Coal-sack in the Cross. Sir John Merschel is
of opinion that we canuot speak of a plurality of Coal-sacke,
unless we wduld include under that head every ill-defined
and darker portion of the heavens, as the regions between
a Centauri and g and « Trianguli,® betwee® 5 and 0 Args,
and more especially the barren portion of the Milky Way in
the Northern heavens, between e, o, and ¢ Cygni®
The longest known Dlack Speck in the Southern Cross,
and the onc which is also the most striking as scen by the
noked eye, is of a pear-like shape, and lics on the eastern side
of that eonstellation, in 8% long. and 5° lat. This large space
presents one visible star of he 6th to the 7th magnitude, toge-

. 1

% Letter to Olbers from St. Catharina (January, 1804),
in Zach’s Monatl. Correspondenz zur Beford. der Erd-und
Himmels-Kunde, Bd. x. p. 240. See, on Feuilléc's obser-
vation and rough gketch of the Black spot in the Southern

- Cross, Zach, Op. eit. Bd. xv. 1807, pp. 388-391. :

* % Observ, at the Cape, pl. xiii.

* % Qutlines of Astronomy, p. 531
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ther with a large number of telescopic stars, varying from the
11th to the 13th magnitudes. A small group of 40 stars lics’
nearly in the centre.” The paucity of stars and the con-
trast with the magnificent cffulgence of the ncighbouring
heavens, are assigned as the causes of the remarkable black-
ness of this portion of the firmament. This opinion, which
bas been generally maintained since Lacaille’s time,® has
been cspecially confirmed by the * gauges™ and *“ sweeps”
made round the region where the Milky Way appears as if
covered by a black cloud. .The Coal-bag yielded from
scven to mine telescopic stars for every sweep, but never
an catirely blauk ficld; wiile in a ficld of cqual size the
marging presented from 120 to 200 stars. This mode of
explanation, which ascribes the darkness to contrast alone,
did not, although perhaps incorreetly, appear quite satis-
factory to me while I was in a tropical region, and re-
mained under the vivid impression produced‘on my mind
by the aspect of the Southern heavens.  William Herschel's
considerations @n wholly starless regions in .Scorpio and
Serpentarius, and which he las termed © openings in the

9 Qbserv. at the Cape, p. 381, No. 3407, of the catalogue
of ncbule and clusters.  (Compare Dunlop in the Philos.
Z'ransact. for 1828, p. 149, and No. 272 of his Catalogue.)

% « Cotte apparence d’'un noir foncé daus la partie orien-
tale de la Croix du Sud, qui frappe la vue de tous ceux qui
regardent le ciel austral, est causéc par la vivacité de la
blancheur de la voic lactée qui renferme 'espace noir et
I'cntoure de tous cotés.” *The appearance of deep black in
the eastern portion of the Southern Cross, which strikes all
who observe the heavens ia those regions, is owing to the
intensity of the whiteness of the Milky Way surrounding the
black space on every side.”’—Lacaille, in the Mém. de ¥ Acad, .
.des Sciences, année 1755 (1aris, 1761), p. 199.
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heavens,” led me to the idea that the starry strata lying
behind one another in such regions may be less dense, or
even wholly ipterrupted, and that our instruments being
sinsufficient to penetrate to these last strata, ** we look into the
remote regions of space, as through tubes.” Thave already
elsewhcre noticed these openings,® and the effeets of perspec-
tive on such inferruptions in the starry strata have again been
lately made the subjeet of carnest consideration.'®

The extreme and most remote strata of self-luminous
cosmical bodics,—the distances of nebulie,—all that has
been considered in the last seven sidereal or astrogmostie
portions of this work, fill the imagination and the speculative
mind of man with images of time aud space surpassing his
powers of comprchension.

Howerver wonderful are the improvements made in optieal
iustruments within scarcely sixiy yeuars, we are at the same
time too well acquainted with the diflicultics of their con-
struction to indulge in the bold and even unlicensed antici-
pations so ardently cherished by the intellectual 1looke from
1663 to 1665. Moderation in the expectations entertaine
will be the most likely to lead to their fulfilment. Kuel
succceding gencration has reaped the noblest and muost
exalted results from the triwmnhs of free Intellect in tho

® Cosinos, vol. 1. p. 143 and note.

0 «When we sce,”” says Sir John Ierschel, “in the
Coal-sack (ncar a Crucis) a sharply defined oval space free
from stays, 1t would scem much less probable thata conical or
tubular hollow traverses the whole of a starry stratum, eone

- tinuously extended from the eye outwards, than that a distant
mass of comparatively moderate thickness should be simply
perforated from side to side.”—OQutlines, § 792, p. 532.

W Lettre de Mr. Hooke & M. Auzout, in the Mém. de

- & Académie, 16661699, tow. vii. partic 2, pp. 30, 73.
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different stages to which art has gradually exolted itsclf.
Without attempting to express in definite numbers the dis-
tances to which the space-penetrating powers of telescopic
vision may alrcady reach ; and without attaching much con-.
fidence to such numbers, the knowledge of the velocity of
light yet proclaims that the appearance of the remotest star,—
the light-gencrating process on its surface,~—is the *most
ancient sensuous evidenee of the existence of matter.”

= Cusmes, vel. i. p. 144,
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p. THE SoLAR REGION. .

PLANETS AND THEIR SATELLITES.—COMETS.—RTXG OF THR
) ZODIACAL LIGHT.——SWARMS OF METEOR-ASTEROIDS.

.

ON passing, in the Uranological portion of the physical
description of the universe, from the heaven of the fixed stars
to our solar and planetary system, we descend from the
great and universa] to the relatively small and special.
The domain of the Sun is the domain of one individual
fixed star amongst the millions revealed to us in the firma-
ment by telescopic aid—the limited space in which very
various cosmical bodies, in obedience to the dircet attraction
of a central body, revolve around it in more or less extended
orbits, whether they are isolated or encircled by other bodies
similar to themselves. Among the stellar bodies whose arrange-
ment we have endeavoured to consider in the sidercal portion
of the Uranology, there is, indeed, a class of those millions of
telescopic fixed stars—doudle stars—which exhibit special,
binary, or multiple systems; but notwithstanding the analogy
presented by the forces by which they arc impelled, they yet
differ ia their natural character from our solar system. In
them, seif-luminous fixed stars revolve round one.common
centre of gravity, which is not filled with visible matter;
while in our solar system dark cosmical bodies rotate around
a self-luminous body; or, to speak more defmtely, around
one common centre of gravity, which lies at .liffexent times
eithor within or without the central body. ‘“The grius
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ellipse which the Earth describes round the Sun, is refleeted
in a small perfectly similar one, in which the central point of
the Sun moves round its own and the Earth’s common centre
of gravity.” In general notices like the present, we need ,
hardly enter into any special consideration of the question
as to whether the planctary bodies, among which we must
class tnferior aud exferior comets, may not be capable, at
least in part, of generating some special light of their own, in
addition to that which they receive from the central body.
‘We haverhitherto acquired no dircet evidence of the exist-
ence of dark planctary bodics revolving round other fixed
stars. The faintness of the reflected light would prevent
their ever being visible to us, if, as Kepler conjectured
(long before Lambert) such bodies actually revolve round
every fixed star. If the necarest fixed star, e Centauri, be
226,000 times the Earth's distance, or 7,523 times the
distance of Neptunc; if a very distant comet, that of 1680
(to which kas been ascribed, although on very uncertain
data, a revolution of 8.800 ycars), is twenty-cight times the
distance of Neptune from our rolar system when in its aphe-
lion, then the distance of the fixed star « Centauri is still 270
times greater than the distance of our solar system from the
aphelion of the most remote comet. The light of Neptune
is reflected to us from a distance thirty times greater than
our distance from the Sun. If, by the futurc construction of
more powerful telescopes, three additional planets shounld be
recognized, each situated at about 100 times the Earth's
distance from the other, cven this would not amount to the
eighth part of the distance intervening to the aphelion of
the comet referred to; or to the 2,200th part of the distance?

1 See Losmos, vol. i. pp. 95, 138, where I based my
zplutions on the distance of Uumus, which then comumud
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which the reflected light of a satellite revolving round
*a Centauri would have to traverse in order to reach our
telescopic visipn. DBut is it absolutcly mecessary that we
eshould assume the existence of satellites around the fixed
stars? For when we cast a glance at the subordinate par-
ticular systems within our large planctary system, we find
that, notwithstanding the analogies which may present them-
sgives in planetsattended by many satcllites, there are others,
such as Mercury, Venus, and Mars, which have no attendant
moons. If we disregard that which is merely possible, and
limit oursclves to the consideration of that which is actually

the extreme known boundary of the planetary system, If
we assume the distance of Neptune from the Sun to he 30-0¢
times that of the LEarth. the distance of « Centavri from the
Sun would still be 7523 times that of Neptune, the parallax
being assumed as 0":9128 (Cosmos, vol. iii. p. 261), yet the
distance of 61 C'ygni i< nenly two and a half. and that of Sirius
(with a parallax of 2"-230) fonr times that of a Centauri.
[The distance of Neptune from the Sun is about 2,484 millions
of geographical nules, and that of TUranus, according to
Hansen, about 1,586 millions: the distance of Sirius
amounts, according to Galle, assuming the parailax ecmputed

Henderson, to 896,800 radii of the Earth's orbit, or
74,188,000 millions of geographical miles, a distance which
gives fourteen years for the passage of light.] The aphelion
of the Comct of 1680 is forty-four times the distance of
Uranus, and therefore twenty-cight times that of Neptune
from the Sun. According to these assumptious the Sun's
distance from the star a Centauri is nearly 270 times that of
this Comet in its aphelion, which we regard as the minimvm
of the very bold estimates of the radius of the solar system
(see p. 277). 'The estimate of such numerical relations has, '
at all events, this merit, notwithstunding other defects, that
the assumption of a very high standard of mcasurcment of
space leads to results which may be expressed in smaller
yumbers, -
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explored, we shall be vividly impressed with the idea that the
solar system, especially in the great mutual connection
“evealed to us during the last ten years, yiglds the richest
image of the evident and direct relations borne by many
cosmical bodics to a special one.

The more limited sphere of the planetary system affords by
its very limitation undoubted advantages, both as to the
certainty and correctness of the facts ascertained by measur-
g and calcilating astronomy, over the results of a enatempla~
tion of the heaven of the fixed stars. Many of these results
are only connccted with contemplative astronomy, through
tne medium of stellar swarms and nebulous groups, as well
a8 of the insecurely-based "photometric arrangement of the
stars. The most certain and brilliant portion of astrognosy
is the determination of positions by right ascension and
declination,—a department of astronomical science that has
been very cxtensively improved and increased in our own
day, in reference to isolated fixed stars, double stars, stellar

" masses, and nebule. Equally difficult, although more or less
accurately measureable rclations likewise prescnt themselvas.
in the proper motion of the stars—the elements from which

“their parallaxes are determined—telescopic star-gauging
which leads us to the distribution in space of cosmical bodies—
‘the periods of variable stars—and the slow revolution of
‘double stars. That which from its very nature is not amena-
ble to measurement, such as the relative position and con-
figuration of starry strata or rings of stars, the arrangement
of the universe, and the cffects of powerfully metamorphie’
physical forces® in the sudden appearance or extinction of
the so-called new stars, excites the mind the more deeply and

s On the appearance of new stars, and their lubaequﬁ?
wppmnce, see pp. 204-222,
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vividly, by its touching on the confines of the graceful domain 1
of fancy.

We purposely abstain in the following pages from entering
en the consideration of the conncction cxisting between our
solar system and the systems of other fixed stars, nor shall we
revert to the question of that subcrdination and annexation
of cosmical systems which might almost be said to force
itself on our notice from intellectual necessity ; nor yet will
we conslder whether our central body, the Sun, may not
itself stand in some planctary dependence on a higher sys-
tem,—not cven, perhaps, as a main planet, but merely as a
planctary satellite, like Jupiter's moons. Limited within the
more familiar sphere of our solar region, we, however, enjoy
this advantage, that with the exception of what refers to
the signification of the surface-appearance or gascous enve-
lopes of the revolving cosmical bodics, the simple or
divided tails of comcts, the ring of the zodiacal light, or
the mysterious appearance of mecteoric asteroids, almost all
the results of observation admit of being referred to numerical
relations, as the deductions of strictly-tested presuppositions.
It docs not, however, belong to the sketch of a physical
description of the universe to test the accuracy of such pre-

_ suppositions, its province being simply to give a methodieal

arrangement of numerical results. They constitute the
important heritage which, ever augmenting, is bequeathed
by one century to another. A table, comprising the nume-
rical elements of the plancts (that is to say, their mean

. distances from the Sun, sidercal periods of revolution, -

the excentricity 'of their orbits, their inclination towards
the ecliptic, their diameter, mass, and density), would
nnw embraee within very narrow limits the record of the

gmt intellectual conquests of the present age. Let us

for'a moment transport oursclves in imagination to the times
VYOL. 1V, ¥
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gof the ancients, and fancy Philolaus the Pythagorcan, tho
instructor of - Plato, Aristarchus of Samos, or Hipparchus, in
possession of such o numerical table, or of a graphic repre-
sentation of the orbits of the planets, such as is given intour.
most epitomized manuals; there is scarcely unythmg to
which we could compare the admiration and surprise of
these men,~the heroes of the carly and limited knowled~~
of that age,—cxcepting, perhaps, that which might have bee
experienced by Eratosthenes, Strabo, and Claudius Ptolemy
could they have seen onc of our maps of the world, on
Mecreator's projection, not above a few inches in length and'.
breadth.

The return of comets in closed clliptical orbits, as a consc-
quence of the attractive force of the central body, indicates
the limits of the solar region. As, however, we are as yet

. ignorant whether comets may not some day appegr in which
the major axis may prove to be larger than any that have as
yet been observed and calculated, these bodies must be
regarded as indicating, in their aphelia, merely the limits to

- which the solar regions must af least cxtend. Hence we may
characterize the solar system by the visible and measurable
results ‘of peculiar operating central forces, and by the cos-
mienl bodies (planets and comets) which rotate round the
Sun in closed orbits, and arc intimately connected with it.

. The considerations which at present engage our attention, do
‘not embrace a notice of the attraction which the Sun may
exert on other suns (or fixed stars) lying beyond the lnmts of
these re-appearing cosmical bodies.

According to the state of oir knowledge at the close of this
half of ‘the nineteenth century, the solar region includes the
following bodies, arranging ‘the planets according to thcu-
respegtive distances from the central bodys ,
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22 PriNciPAL Praners (Mercury, Vexvs, g
Eantn, Mars; Flora, Victoria, Vesta, Iris, Metis, Hebe,
- Parthenopes Irene, Astraa, Igeria, Juno, Ceres, Pallas,
Hygiea; JUPITER, SATURN, URANUS, Ner1TUNE);
. 21 SareLLiTES (1 belonging to the Earth, 4 to Jupiter,
8 to Saturn, 6 to Uranus, 2 to Neptune);

197 Comers, whose orbits have been calculated. Of
these 6 are dnterior ; ¢. ¢. such as have their aphelia inclosed
within the outermost of the planetary orbits, viz. that of
Neptune: we may very probably add to these;

THE RiNg or TiE ZopbiscaL Licir, which probably
lies between the orbits of Venus and Mars; and likewise,
according to the opinion of numcrous observers:

Tnr Swarys oF TiE METLok-AsTEROIDS which more
especially interscet the arth’s orbit at eertain points.

In the enumeration of the 22 principal planets, of which
6 only were known before the 13th of Marck, 1781, the 14
small planets, which are sometimes termed co-planets or
asteroids, and describe intersceting orbits Leiween Mars and
anxter, have been distinguished from the 8 larger plrmcts by
the usc of smaller type.

The followi ing occurrences constitutc mum epocks in the
more recent history of planctary discoveries. The discovery -
of Uranus, as the first planct beyond Satwrn’s orbit, by
‘William IIerschel at Bath, on the 13th of Mareh, 1781, who
recognized it by its motion and disc-like form ; the discovery
of Ceres—thc first observed of the smaller plancts—on the
‘1st of January, 1801, by Piazzi at Palermo; the recognition
of the first intcrior comct by Encke at Gotha, in August,
1819; and the prediction of the cxistence of Neptune by
Leverrier, at Paris, in August, 1846, by the calculation of
‘plinetary disturbances, as well as the discovery of Neptune

F 2
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by Galle, at Berlin, on the 23rd of September, 1846. These
important discoveries have not only tended directly to extend
and enrich our knowledge of the solar systom, but have
further led to numerous other discoverics of a similar
nature; as, for instance, to the knowledge of 5 other interior
comets (of Bicla, Faye, De Vico, Brorscn, and D’Arrest,
between 1826 and 1851), and of 13 small planets, three
of which, Pallas, Juno, and Vesta, were discovered from
1801 to 1807, and after an interval of fully thirty-cight
years, since Hencke’s fortunate and preconceived discovery
of Astrrea, on the 8th of December, 1845, ,the 9 others
were discovered, in rapid succession, by Hencke, Hind,
Graham, and Dc Gasparis, from 1845 to the middle of 1851.
The attention of observers has of late been so extensively
dirceted to the cometary world, that the orbits of 33 newly-
discovered comets have been calculated during the last cleven
years; hence, ncarly as many as had been determined during
the previous forty years of this century.
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L
THE SUN CONSIDERED AS TIIE CENTRAL BODY.

Twx lantern of the world (lucerna Mundi), as Copernicus
names the Sun,? enthroned in the centre,—according to Theon
of Smyrna, the all-vivifying, pulsating hcart of the Un#
verset,—is the primary source of light and of radiating heat,
and the generator of numerous terrestrial, electro-magnetic
processes, and indeed of the greater part of the organic
vital activity upon our planct, morc especially that of the
vegetable kingdom. In considering the expression of solar
force, in its widest generality, we find that it gives rise to
alterations on the surfuce of the Xarth,—partly by gravi-
tative attraction,~as in the ebb and flow of the ocean (if
we except the share taken in the phenomenon by lunar
attraetion),—partly by light and heat-gencrating transverse
vibrations of ether, as in the fructifying admixture of the
‘aériul and aqucous cuvelopes of our planet, from the con-
tact of the atmosphere with the vaporizing fluid element
in seas, lakes, and rivers. The solar action opcrates, more-

3 T have already, in an earlier part of this work (vol. ii.
P. 688 and note) given the passage imitated from the Som-
atum Scipionis, in chap. x. of the first book de Revolut.

¢ «The Sun is the heart of the Universe;” Zheonis Smyr-
nat, Plutonici Liber de Astronomia, ed. H. Martin, 1849,
"pp. 182, 298: 7ijs cuyruxias pdaov 1o wCpi TOW ;I'Moy, oiovei
kapdlav Svra 706 Tawtos, S0cv ¢pépovaw adTod Kai TV Yuxiv
dpfaucvny Sk mwavtos ifkcw T0B owpatos TETupivyy dwo THW
wepitwy, (This new edition is worthy of notice, since it
comgletes the peripatetic views of Adrastus, and many of
the Platonie dogmas of Dereyllides.) )
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over, by differences of heat, in exciting atmospheric and

oceanic currents; .the latter of which have continued for

thousands of years (though in an inconsiderable degree) to

accumulate or wash away alluvial strata, and thus chenge
the surface of the inundated land; it operates in the gene-
ration and maintenance of the electro-maghctic activity of

the Earth’s crust, and that of the oxygen contained. in the

atmosphere; at one time calling forth calm and gentle forces

of chemical attraction, and variously determining organic life

in the endosmose of ccll-walls and in the tissue of muscular

and nervous fibres; at another time evoking light-processes

in the atmosphere, such as the colowred coruseations of the

polar light, thunder and lightning, hurricanes, and water.

spouts.

Our object in endeavouring to compress in one picture the
tnfluences of solar action. in as far as they are independent
of the orbit and the position of the axis of our globe, has
been clearly to demonstrate, by an exposition of the eonnce-
tion cxisting between great, and at first-sight heterogencous,
phenomena, how physical nature may be depicted {p the
History of the Cosmos as a Whole, moved and animated by
internal and frequently sclf-adjusting forces.  But the waves

"of light not only cxert a decomposing and re-combining
action on the corporcal world; they not only call forth the
‘tender germs of plants from the carth, generate the green
,eolourmn' matter (chlorophyll) within the leaf, and give
colour to the fmgmnt blossom—they not only producc myriads
of reflected images of the Sun in the graceful play of the:
waves, as in the moving grass of the field—but the rays ‘of
celestinl light, in the varicd gradations of their intensity and
duration, are also mystcriously conneeted with the inner lifo
‘of man, his intellectual susceptibilities, and the melaneholy
or cheerful tone of his feelings % Ceelr tristitiam discytit
Sol-et humani nubila animi serenat,” (Plin. Ifist, Nat, ii. 6.}
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In the description of cach of the cosmical bodies, I shall
precede whatever consideration of their physical constitution
may (except ip the case of the Earth) be necessary, by their

o respestive numerical data. The numerical arrangement of
these results, is ncarly identical with that which was adopted
by Hansen,® in his admirable Review of the Solar System,
although I have necessarily made some alterations and addi-
tions in the data, from the fact that 11 plancts and 3 satellites
have been discovered since 1837, the year in which Iansen
wrote.

The mecan distattce of the centre of the Sun from the
Earth is, according to Encke’s supplementary correetion of
the Sun’s parallax (Abhand!. der Berl. Alkad. 1835, p. 309).
82,728,000 geographical miles, of which 60 go to an equatorial
degree, and of which cach one, aceurding to Bessel's inves-
tigation of ten mcasurcments of degrees (Cosmos, vol. i.
P- 157), contains exactly 951-807 toisces, or 5710-6405 Paris
fect, or 6086-76 Lnglish feet.

Light requires for its passage from the Sun to the Barth
f. e. to traverse the 1adius of the Earth's orbit, according to
Struve's observations of aberration, & 1778 (Cosmos, vol. iii.
p. 110); whence it follows that the Sun’s true position is
about 20”145 in advance of its apparent place.

The apparent diameter of the Sun, at its mean distance
from the Karth, is 82" 1"8; and therefore only 64*-8 greater
than the Moon's dise at its mcan distance from us. In the
perihelion, when in wiuter we are nearcst to the Sun, the
apparent diameter of the latter increascs to 32 54-6; in the
aphelion, when in summer we are farthest from the Sun, its
apparent diameter is diminished to 51' 30™1.

The Sun’s true diameter is 770,800 geographical miles, or

. more than 112 times greater than that of the Earth.

' " Hansen, in Schumacher’s Jakrbuch for 1837, pp. 65-141.
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The mass of the Sun is, according to Encke’s caleulation of
Sabine’s pendulum formula, 359,551 times that of the Earth,
or 355,499 times that of the Earth and Moon together ( Vierte
Abhandl, #iber den Cometen von Pons in den Schr. der Berl.
Akad. 1842, p. 5); whence the density of the Sun is only
about 4 (or more accurately 0°252) that of the Earth.

The volume of the Sun is 600 times greater, and its mass (ac-
cording to Galle) 738 times greater than that of all the planets
combined. It may assist the mind in conceiving a sensuous
image of the magnitude of the Sun, if we remember that if
the solar sphere were entircly hollowed out, and the Earth
placed in its centre, there would still be room enough for the
Moon to describe its orbit, even if the radius of the latter
were increased 160,000 "co"‘mphical miles.

The Sun rotates on its axis in 25} days. The equator
inclines about 7° 30" towards the celiptic. According to
Laugier's very carcful obscrvations (Comples rendus de
U dcad. des Sciences, tom. xv. 1842, p. 941), the period of
rotation is 25:%4; days (or 25d. 8h. 9m.), and the inclination
.of the equator 7° 9'.

The conjectures gradually adopted in modern astronomy
regarding the physical character of the Sun's surface, are
based on long and carcful obscrvations of the alterations
which take place in the sclf-luminous disc. The order
of succession, and the connection of these alterations (the
formation of the Sun-spots, the relation of the deep black
nuclei to the _surrounding ash-grey penumbree), have led to
the assumption that the body of the Sun itself is almost
entircly dark, but surrounded at a considerable distance by a
luminous envelope; that funnel.shaped opcnings arc formed in
this envelope, in consequence of the passage of currents from
below upwards, and that the black nucleus of the spot is a
portion of the dark body of the Sun which is visible through
the opcning. In order to render this cxplanation, of which
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we here only bricfly give the most gencral features, suffi-
ciently applicable to the details of the phcnomena upon the
surface of the Sun, scicnce at present assumcs the existence
«of three envelopes round the dark solar sphere; viz. one
interior cloud-like vaporous envelope, next a luminous tnvest-
ment (photosphere), and above these, as appears to have
been especially shown by the solar cclipse of 8th of July,
1842, an external cloudy envelope, which is cither dark, or but
slightly luminous.®

¢ « D'aprés 1'Ctat actuel de nos connaissances astronomiques
le Soleil se compose: 1. d'un globe central & peu prés
obscur; 2. d'unc immense couche dc nuages qui est sus-
penduc & une certaine distance de ce globe ct I'enveloppe de
toutes parts; 3. d'une phofosphére; cn d’autres termes, d'une
sphére resplendissante qui enveloppe la couche nuageuse,
comme celle-ci, 4 son tour, envcloppe le noyau obscur.
I’éclipse totale du 8 Juillet, 1842, nous a mis sur la trace
d’une troisiéme enveloppe, située au-dessus de la photosphére
et formée de nuages obscurs ou faiblement lumineux. Ce
sont les muages de In troisicme enveloppe solaire, situés en
apparence, pendant T'éelipse totale, sur le contour de I'astre
ou un peu cn dehors, qui ont donné lieu i ces singuliéres
proéminences rougeitres qui en 1812 ont si vivement excité
Pattention du monde savant.” ¢ According to the present
condition of our astronomical knowledge, the Sun is com-
posed: 1st. of a central sphere which is nearly dark; 2nd.
of a vast stratum of clouds, suspended at a certain distance
from the central body, which it surrounds on all sides; 3rd.
of & photosphere, or in other words, a luminous sphere inclos-
inf the cloudy stratum, which in its turn envclopes the dark
nucleus. The total eclipsc of the 8th of July. 1842, afforded
indications of a third envclope, situated above the photosphere,
and formed of dark or faintly illumined clouds. 'These clouds
of the third solar cnvelope, apparently situated during the
total eclipse on the margin of the Sun, or even a little neyond
it, gave rise to those singular, rose-coloured protuberances,
which so powerfully cxcited the attention of the scientifie

[
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As felicitous presentiments and sports of faney—such sub-
sequently realized speculations as abound in Grecian anti-
quity—sometimes contain the germ of correct views long
prior to any actual observation, so we find in the writings'
of Cardinal Nicolaus de Cusa (in the sccond book De
docta Ignorantin), which belong to the middle of the fiftcenth
century, the clearly expressed opinion that the body of the
Sun itsclf is only *an carth-like nuclews, surrounded by a
eircle of light as by a delicate envelope ; that in the centre
(between the dark nucleus and the luminous covering?) there
is & mixturc of water-charged clouds and clear air, similar to
our atmosphere; and that the power of rediatiny light to
vivify the vegetation of cur Earth, does not appertain to the
earthy nucleus of the Sun’s body, but to the lnminous covering
by which it is enveloped.” This view of the physical eondi-
tion of the Sun's body, which has hitherto been hut little
regarded in the history of astronomy, presents considerable
similarity with the opinions maintained in the present day.

world in 1842.”—Arago, in the Annuaire di Bureaw des
Longitudes pour Pan 1846, pp. 464, 471. Sir John Herschel,
in his Qutlines of Astronomy, p. 281, § 895 (cdition of
-1849), thus expre.ses himself: *¢ Above the luminous surface
of the Sun, and the region in which the spots reside, there
are strong indications of the cxistence of a gaseous atmo-
sphere, having a somewhat imperfect transparency.”

7 I would, in the first place, give in the original the pas-
sages to which I refer in the text, and to which my attention
was directed by a learned work of Clemens. (Giordano Bruno
und Nicolaus von Cuse, 1847, § 101.) Cardinal Nicolgus de
Cusa (whose family name was Khrypffs, ¢. e. Crab), was born at
Cues, on the Moselle. He thus writes in the twelfth chapter
of the second book of the Ireatise De docta Ignorantia
(Nicolai de Cusa Opera, cd Basil, 1565, p. 39), a work that
was much esteemed at that age: *Neque. color nigredinis est
argumentum vilitatis Terree; nam in Sole si quis csset, nom

[
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The spots on the Sun, as I have alrcady shown in the

appareret illa *claritas quwxe nobis: considerato enim corpore
Solis. tune habet quandam quasi terram centraliorem, ct
quandam luciditatem quasi ignilem circumferentialem, et in
wedio quasi aqueam nubem et aérem elariorem, quemadmodum
terra ista sua clementa,”  * Blackness of colour is no proof
of the inferiority of the Farth's substance : for to an inhabi-
tant of the Sun, if such there be, the same brillianey of
appearance would not be presented as fo us: if we con-
sider the Sun's body., we shall conclude that it consists of a
certain earthy substance in the centre. surrounded by a
luminous matter, purtaking, perhaps, of the nature of fire,
and in the midst a sort of aqueous clouds and brighter
atmosnliere, resembling the clements of which the Karth
eonxists,”  'Ta this are appended the words Paredora aud
Ilypni - by the  last of which. he probably understands
“emp) cortain speculations, vegue and bold hypotheses.
In the long ‘$ventize, Frercitationes ex Sermondbus Cardinalis
(Upera, p. "79Y T amain find the following comparison:
¢ 8Dt in Sele eonsiderari potest natura corporalis, et illa de
se non es! magnie virtutis” (notwithstanding the attraction
of masses or gravitatioa!) *“et non potest virtutem suam aliis
corporibus comuunicare. quia non est radiosa, 15t alia natura
Ineida i1l unita. ita quod So! ex unione atrinsque nature habet
virtutem quee sufficit huie sensibili mundo. ad vitam inno-
vandam in vegetabilibus ot animalibus, in clementis et mine-
ralibus per suam influentinm radiosam.  Sic de Christo, qui
est Sol justitie© . . *“Asin the Sun may be supposed
to cxist a corporeal nature. which of itself is of no great
efficacy. and cannot communicate +its virtue {o other bodies,
because it is not radiant. and another nature united with this;
so that the Sun, from the union of the two naturces, has a
virtue which suffices for this sensible world, to rencw life in
vegetables and animals, in clements and minerals, by its own,
radiant influence. So from Christ, tlfe Sun of Justice .
Dr. Clemens thinks that all this must be more than r mere
felicitous presentiment. It appears to him unlikely that
Cusa, in the cxpressions “ Considerato corpore Solis;” in
Sole considerari potest . . .’ *could lmve appealed to
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Historical Epocks of the Physical Contemplation of the

experience, without a tolerably accurate obscrvation of the
Sun's spots, both their darker portions and the penumbre.”
He also conjectures *‘that the penctration of the philosopher
may have been in advance of the results of the science
of his age, and that his views may have been inflyenced
by discoveries which have usually been ascribed -to later
observers.” It is, indeed, not only possible, but even
highly probable, that in districts where the Sun is obscured
for many months, as on the coast of Peru, during the
garua, even uncivilized nations may have scen Sun-spots with
the naked eye; but no traveller has, as yet, afforded any
evidence of such appearances having attracted attention, or
having becn incorporated among the religious myths of their
system of Sun-worship. The mcre observation of the rare
phenomenon of a Sun-spot, when scen by the naked eye, in
the low, or faintly obscured, white, red, or perhaps greenish-
disc of the Sun, would scarccly have led even experienced
observers to conjecture the existence of several envelopes
around the dark body of the Sun. Had Cardinal de Cusa
known anything of the spots of the Sun, he would assuredly
not have failed to refer to these macule Solis in the many
comparisons of physical and spiritual things in which he was
too much inclined to indulge. We necd only recall the
excitement and bitter contention with which the discoveries
of Joh. Fabricius and Galileo were received, soon after the
invention of the telescope in the beginning of the seventeenth
century. I have already referred (Cosmos, vol. ii. p. 692) to
the obscurely expressed astronomical views of the Cardinal,
who died in 1464, and therefore nine years before the birth of
Copernicus. The remarkable passage: Jam nobis manifes-
tum est Terranm in veritate moveri;” *“Now it is evident
that the Earth really moves,” occurs 4dn lib, ii. cap. 12,
De docta Ignorantia. According to Cusa, motion pervades
every portion of the celestial regions; we do not even fiud a
star that does not describe a circle. “ Terra non potest esse
fixa, sed movetur ut alie stelle;”. “ The Earth cannot be
fixed, but moves like other stars.” The Earth, however, does
not revolve round the Sun. but the Earth and the Sun rotate
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‘Universe? were not first observed by Galileo, Scheiner, or
Harriot, but by John Fabricius of East Friesland, who also
‘was the first toodescribe, in a printed work, the phenomenon
ke had seen. Both this discoverer and Galileo, as may be
seen by his letter to the Principe Cesi (25th of May, 1612),
were aware that the spots belonged to the body of the Sun
itself; but ten or twenty years later, Jean Tarde, a canon of
Sarlat, and a Belgian Jesuit, maintained almost simultaneously
that the Sun’s spots were the transits of small planets. The
one named them Sidera Borbonia, the other, Sidera Aus-
triaca® Scheiner was ¢he first who employed blue and green

¢ around the ever-changing pole of the Universe.” Cusa did
not, therefore, hold the -Copernican views, as has been so
successfully shown by Dr. Clemens’ discovery in the hospital
at Cues, of the fragmentary notice written in the Cardinal’s
own hand in 1444,

8 Cosmos, vol. ii. pp. 706-708,

* Borbonia Sidera. id est, planete qui Solis lumina eircum=
volitant motu proprio ct regulari, falso hactenus ab helio-
scopis macule Solis nuncupati, ex novis observationibus.
Joannis Tarde, 1620. Austriaca Sidera heliocyclica astro-
nomicis hypothesibus illigata opera Caroli Malapertii Belge
Montensis e Societate Jesu, 1633. The latter work has at
all events the merit of affording observations of a succession
of spots between 1618 and 1626. This period includes the
ﬁeonrs for which Scheiner published his own observations at

me in his Rosa Ursina.. The Canon Tarde believes those
appearances to be the transits of small planets, because
“I'@il du monde ne peut avoir des ophthalmies,” * the eye of
the universe-cannot experience ophthalmia.” It must justly
excite surprise, that the meritorious obscrver, Gascoigne (see
p-79) should twenty years after Tarde’s notice of the Borbonic
satellites, still have ascribed the Sur’s spots to a conjunction’
of numerous planetary bodies revolving round the Sun. i
close i)roximity to it and in almost intersecting orbits.
e of these ‘bodies, placed, as it were, one over another,
were supposed to occasion the black shadows. (Phdlos.
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stained glasses in solar obscrvations, which had been proposes}
seventy years earlier by Apian (Bienewitz), in the Astroms-
micum Ceosareum, and had also been long.in use among
Belgian pilots,” The neglect of this precaution contributed
much to Galileo’s blindness.

As far as I am aware, the most definite expressivn of the
necessity for assuming the existence of a dark solar sphere,
surrounded by a photosphere, grounded upon direct obser-
vation after the discovery of the Sun’s spots, is first to be
met with in the writings of the great Dominique Cassini,*
and belongs probably to about the year 1671. According to
his views, the solar disc which we scc is “an occan of light

- surrounding the solid and dark nucleus of the Sun; the violent
movements (up-wellings) which occur in this lmmninous enve-

Transact. vol. xxvii. 1710-1712, pp. 282-290, from a letter
of William Crabtree, August, 1640.)

® Arago, Sur les moyens d'observer les taches solaires, iny
the Annuaire pour Uan 1842, pp. 476-479. Delambre,
Hist. de U Asironomie du moyen dge, p. 394; and his Hist.
de T Astronomie moderne, tom. i. p. 681. '

B Meémoires pour servir d I Ilistoire des Sciences, par M. le
Comte de Cassini, 1810, p. 242 ; Delambre, Hist. de I'Astr.
mod. tom. iii. p. 694. Although Cassini in 1671, and La
Hire in 1700, had declared the Sun’s body to be dark, other-
wise trustworthy and valuable text-books on astronomy still
eontinue to ascribe the first idea of this hypothesis to the
meritorious Lalande. Lalande, in the edition of 1792, of his
Hstronomie, tom. iii. § 3240, as in the first edition of 1764,
tom. ii. § 2,615, merely adopts the older view of La Hire,
mord.ing to which *les taches sont les éminences de la
maase solide et opaque du Soleil, recouverte communément
{en entier) par le fluide igné;” * the spots are the elevations
of the solid and opaque mass of the Sun, covered by an
igneous fluid.” Alexander Wilson, between the years 1769

. amtl 1774, conceived the first correct view of a funnel-shqped

opening in the photosphere.
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lope enablp us from time to time to sec the mountain summits of

the non-luminous body of the Sun. These constitate the dlack
nucles in the gentre of the Sun's spots.”” The ash-coloured
penumbre surrounding thesc nuclei had not-then been ex-
plained.

An ingenious obscrvation, which has subscquently been
fully eonfirmed, made by the astronomer, Alexander Wilson
of Glasgow, of a large solar spot, on the 22nd of November,
1769, led him to an elucidation of the penumbre. Wilson
discovered that as a spot moved towards the Sun’s margin,
the penumbra became gradually more and more narrow on
the side twned towards the centre of the Sun, compared
with the opposite side. The obscrver, in 1774, very cor-
rectly concluded,® from these relations of dimension, that the
nucleus of the spot (the portion of the dark solar body visible
through the funnel-shaped excavation in the luminous en-
velope) was situated at a greater depth than the penumbra,
and that the latter was formed by the shelving lateral walls
‘of the funnel. This mode of explanation did not, however,
solve the question why the penumbra were the lightest near
the nuclei.

The Berlin astronomer, Bode, in his work entitled
“Thoughts on the Naturc of the Sun, and the Formation of
its Spots” (Gedanken iiber die Natur der Sonne wnd die

B Alexander Wilson, Qbscrrations on the Solar Spots,
writes as follows in the Philos. Transact. vol. Ixiv. 1774,
m Pp. 6-13, tab. i.:—*I found that the umbra, which

was equally broad all round the nucleus, appeared
much contracted on that part which lay towards the centre of
the disc, whilst the other parts of it remuined ncarly of the
former dimensions. I perceived that the shady Zome or
umbra, which surrounded the nucleus, might be nothing ¢lse
but the shelving sides of the luminous matter of the Sun.*’
Compare also Arago, in the dunuaire pour 1842, p. 508. «-. -

A !
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Entstehung shrer Flecken), developed very similar gews with
nis usual perspicuity, although he was unacquainted with Wil.
son’s earlier treatise. e moreover had the merit of having
fatilitated the explanation of the penumbrw, by assuming,,
" very much in accordance with the conjectures of Cardinal
Nicolaus de Cusa. the existence of another cloudy stratum of
yapour between the photosphere and the dark solar body,
This hypothesis of two strata leads to the following conclu-
sions :—If there occhr in less frequent cases an opening in
the photosphere alone, and not at the same time in the lesa
transparent lower vaporous stratum, which is but faintly
illumined by the photosphere, it must reflect a very incon-
siderable degrec of light towards the inhabitants of the
Earth, and a grcy penumbra will be formed—a mere halo
without a nucleus; but when, owing to tumultuous meteor-
ological processes on the surface of the Sun, the opening
extends simultaneously through both the luminous and
the cloudy envelopes, a nucleoid spot will appear in the
ash-grey penumbra, ¢ which will cxhibit more or less black-
ness,, according as the opening occurs opposite to a sandy,
rocky, or agueous portion of the surface of the Sun’s dise.” ¥
The halo swrrounding the nucleus is further a portion of ‘the
outer surface of the vaporous stratum; and gs this is less
opened than the photosphere, owing to the funnel-shaped
form of the whole excavation, the direction of the passage of
the rays of light, impinging on both sides on the margins of
the interrupted envelope, and reaching the eyes of the
observer, occasions the difference, first noticed by Wilson, in
‘the breadth of the opposite sides of the penumbra, which
appears after the nucleoid spot has moved away from the

1 Bode, in the Beschiftigungen der Berlinischen Gesells..
';ih;ﬂNatwfonuhmdcr Freunde, Bd. ii. 1776, pp. 237-241, ,
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oentre of the Sun’s disc. If, as Laugier has frequentiy
remarked, the penumbra passes over the black nucleus
causing it wholly to disappear, this obscuration must depend
qn the closing of the opening—not of the photosphere—but
of the vaporous stratum below it.

A solar spot, which was visible to the naked eye in the
year 1779, fortunately dirccted William Herschel's superior
powers of observation and induction to the subject which we
have been considering. 'We possess the results of his great
work, which treats of the minutest particulars of the question
in a very definite manncr, and in a nomenclature established
by himself. His observations appeared in the Philosophical
Transactions for 1795 and for 1801. As usual, this great
observer pursucd his own course independently of others,

‘referring only in onc instance to Alexander Wilson. In
their general character, his views may be regarded as iden-
Yical with those of Bode, and he bascs the visibility and
_dimensions of the nucleus and the penumbra (Philos. Transact.
1801, pp. 270, 318, tab. xviii. fig. 2), on the assumption of
an opening in two envelopes, while he assumes the existence
of a clear and transparent airial atmosphere (p. 302) between
the vaporous envelope and the dark body of the Sun, in which
clouds that are cither wholly dark, or only faintly illumined
by reflection, are suspended at a height of about 280 to 320
geographical miles. William IIersehel seems, in fact, also
disposed to regard the photosphere as a mere stratum of
unconnected phosphorescent clouds of very uncqual surface.
According to his view, “an clastic fluid of unknown nature
rises from the crust or surface of the dark solar body, gene-
rutmg only small luminous pores in the higher regions where
the action is weak, and large opcnings, with nuclei, sur-
rounded by skallows or pcnumbre, where the action is morxe
tumaltuous.™
The black gpots, which are scldom round, almost always
. VoL 1v. G
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angularly broken, and characterized by entcring angles,
are frequently surrounded by halos or penumbre, which
exhibit the same figure on a' larger scale. There is no
appearance of a transition of the: colour of the spot iufo
the penumbra, or of the latter, which is sometimes filament
tous, into that of the photosphere. Capocci and Pastorff: (of
Buchholz in Brandcnburg)—most diligent observers—have
both given very accurate representations of the angular form
of the nuclei. (Schum. 4str. Nackr. No. 115, p. 316; No. 133,
P- 291; No. 144, p. 471.) William Herschel and Schwabe
saw the nucleoid spots divided by bright veins, or luminous
bridges,—phenomena of a cloud-like nature generated within
the sccond stratum where the penumbre originate. —These
singular configurations, which probably owe their origin to,
ascending currents, the tumultuous formation of spots, solar
faculwe, furrows, and projecting stripes (crests of luminous
waves) indicate, according to Sir William Ilerschel, an intense
cvolution of light; wlnlst on the other hand, aécording to
the same great authority, ¢ the «bsence of solar spots and
their concomitant phenomena seems to indicate a low
degree of combustion, and, consequently, a less beneficial
action on the temperature of our planet, and the devclopment
of vegetation.” Thesc conjectures led Sir William Herschel
to institute a scrics of comparisons between the prices of
‘corn, and the complaints of poor crops,* and the absence of
solar spofs, between the years 1676 and 1684 (according to .
Flamstead), from 1686 to 1688 (according to Dominique
Cassini), from 1695 to 1700, and from 1795 t0 1800. Unfor-"
tunately, however, we can never attain a knowledge of the
numerical elements on which to found cven a conjectural
solution of such a problem; not only, as this circumspeot

“ William Herschel, in the Philosophical Transactions #‘
the Royal Society for 1801 » part ii. pp. 310-316.
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astronomer has himself observed, becausc the price of corn
in one part of Europe cannot be taken as a criterion of the
state of vegetagion over the whole continent; but more espe-
cially beeause a diminution of the mecan annual temperature,
even if it affected -the whole of Europe, would afford no
evidence that the Earth had derived a smaller quantity of
solar heat throughout that ycar. It appears from Dove's
investigations of the irregular wvariations of tempecrature,
that extremes of meteorological conditions always lic laterally
by one another, 2. e. in zlmost equal degrees of latitude.
Our own continent, and the tempcerate parts of North America,
gencrally present such contrasts of temperature.  'When
our winters arc severe] the scason there is mild, and con-
versely.  These compensations in the local distribution of
heat, when associated with vicinity to the ocean, are attended
by the most beneficial results to mankind, owing to the indu-
bitable influcnce exercised by the mean quantity of summer-
heat, on the devclopment of ¥egetation, and consequently on
the ripening of the cercals. .

‘While William Ierschel attributed an increase of heat on
the BEarth to the activity of the central body,—a process
from which result spots on the Sun,—Batista Baliani, almost
two and a half centuries carlicr, in a letter to Galileo, deseribed
solar spots as cooling agents.® This opinion coincides with

B We find a refercnee in the historieal fragments of the
elder Cato to an official notice of the high price of corn, and
an obscuration of the Sun's dise, which continued for many
months. The *“luminis caligo,” and ** defectus Solis,” of
Roman authors, does not invariubly indicate an cclipse of the
Bun; as, for instance, in the account of the long-continued
dlmxpuuon of the Sun's light after the death of Cwsar.  Thus,
for instance, we rcad in Aulus Gellius, Noet. At ii. 28,
'f“\ferba Catonis in Originum quarto hece sunt: non libet
seribere, quocz in tabula apud Iontificem maximum est,:

62 '
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the experiment made by the zealous astronomer Gautier' at
Geneva, in comparing four périods characterized by numec-
rous and by few spots on the Sun's dise (from 1827 to 1843),
with the mean temperaturespresented by thirty-thrce European
and twenty-nine American stations of similar latitude. This
comparison proves, by positive and negative differences, the
contrasts cghibited by opposite Atlantic coasts. The final
results, however, scavcely give 0-76° Fahr. as the cooling foree
ascribed to the Sun’s spots, and this might with equal pro-
pricty be attributed to crrors of observation and the dircction
of the winds at the localitics indicated.

It still remains for us to notice the third envelope of the Sun,
to which we have already referred. This is the most external
of the three; inclosing the photosphere, is cloudy, and of
imperfeet transparency. The remarkable phenomena of red,
mountain, or flame-like clevations, which, if not scen for
the first time, were at all events more distinetly visible during
the cclipse of the Sun of the 8th of July, 1842, when they
were simultancously noticed by several of the most expe-
rienced observers, have led astronomers to assume the existence
of a third envelope of this kind. Arago, in a treatise devoted
to the subject,” has with much ingenuity tested the several
observations, and cnumerated the grounds which necessitated
the adoption of this view. IIc has at the same time shown

quotiens anona cara, quoticns Lunw an Solis lumini ealigo,
aut quid obstiterit.” *The words of Cato in the fourth
book of his Origines arc thesc: I may not write what is
frequently entered in the tables of the priests, that corn was
dear whenever there was any decrcase in the light of the Sun
and Moon, or when anything obscured them.” .
¥ Gautier, Recherches relatives ¢ Usnfluence gue le nombre
des taches solaires czerce sur les lempératures lerresires, in
the Bibliothéque Universelle de Gencve, Nouv. Série, tom. li.
-1844, pp. 827-385. "
¥ Arago, in the Annuaire pour 1846, pp. 271-438,
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that since 1706 similar red marginal protuberances have been
» eight times described on the occasion of total or annular solar
eclipsés.® On°the 8th of July, 1842, when the apparently
ldrger disc of the Moon cntirely covered the Sun, the Moon's
disc was observed to be surrounded not only.by a whitish
‘light,* encircling it like a’'crown or luminous wreath, but
two or three protuberances were also scen, as if originating
at its margin, and were compared by some observers to
red jagged mountains, by others to reddened masses of ice,
and again by others to fixed indented red flames.  Arago,
Laugier, and Mauvais at Perpignan, Petit at Montpelier,
Airy on the Superga, Schumacher at Vienna, and numerous
other astronomers, agreed perfeetly in the main features of
the final results, notwithstanding the great differcnces in the
instruments they employed. The clevations did not always
appear simultancously; in some places they were even seen
by the.naked eye. The cstimates of the angles of altitude
certainly differed ; the most relinble is probably that of Petit,
the director of the observatory at Toulouse. Ilc fixed it at
1’ 45", which, if these phenomena were true sun-mountains,
would give an clevation of 40,000 geographical miles; that
is to say, ncarly seven times the Larth’s diameter, which is
only 112th part of the diamcter of the Sun. The conside-
ration of these phenomena has led to the very probable hypo-
thesis, that these red figures arc cmanations within the third
* envelope,—clouds, which are illuminated and coloured by the

8 Arago, in the Annuaire pour 1846, pp. 440-447.

® This is the white appearance which was also observed in
the solar cclipse of the 15th of May, 1836, and which the
great astronomer of Konigsberg very correetly described at
the time by observing “that although the Moon’s disc en-
.tirely covered the Sun, a luminous corona still encireled it,
which was a portion of the Sun's atmosphere.” (Bessel, in
Schum. Astr. Yackr, No. 820.
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phot;sphero." Arago, in putting forward this hypothesis, -
expresses the conjecture that the inténse blue colour of the '
sky, which T have myself mcasured upon the lofticst part of
the Cordilleras, though with instruments which are certainly
still very imperfect, may afford a convenient opportunity for
frequently observing these mountain-like clouds in the outer-
most atmosphere of the Sun.®

® « Si nous cxaminions de plus prés l'explication d'aprés
laquelle les protubérances rougedtres scraicnt assimilées &
des nuages (de la troisiéme enveloppe), nous ne trouverions
aucun principe de physique qui nous empéchit d’admettre
que des masses nuageuses de 25.000 & 30,000 licues de long
flottent dans l'atmosphére du Soleil; que ccs masses, comme
certains nuages de l'atmosphére terrestre, ont des contours
arrétés, qu'clles affectent, ¢a ¢t 13, des formes trés tour-
mentées, méme des forms cn surplomb; que la lumiére
solaire (la photosphére) les colore cn rouge. Siv cette
troisiéme cnveloppe existe, clle donnera peutétre la clef de
quelques-unes des grandes ct déplorables anomalies que 'on
remarque dans le cours ds saisons.”—*On examining more
closcly the grounds on which these rose-coloured protube-
rances arc compared to clouds (of the third atmospherc) we
do' not find any principle in physics which would oppose the
assumption that masses of clouds extending from 25,000 to ’
30,000 leagues, float in the Sun's atmosphere; that these
masses, like some ¢louds in our terrestrial atmosphere, assume
contours exhibiting here and there much-involved forms;
appearing sometimes cven sloping or inverted, as it were;
_and that they arc coloured red by the light of the Sun (the
photosphere).  If this third atmospherce actually exist, it
pp{, perhaps, tend to solve some of those vast and deplo-
rable anomalies which we observe in the course of the
sensons.” (Arago, in the Annuaire pour 1846, pp. 460, 467.)
.8 “Tout ce qui affaiblira sensiblement I'intensité éclairanté
*de la portion de.l'atmospliére terrestre qui parait entourer g}
- toucher le contour circulaire du Soleil, pourra, contribuer #
. xendre lcs proémimences rougcitres visibles. Il est domo
permis dlespérer qu'un astronome excrcé, (tubli au sorawief,
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When we consider the zone in which solar spots are most
commonly observed (it is only on the 8th of June and the
oth of Decembet, that the spots describe straight lines on
the Sun’s disc, which at the same time are parallel with one

_ another and the Sun's equator, and not concave or convex),
we are struck by the fact, that they have rarcly been seen in
the equatorgal region between 3° North and 3° South Latitude,
and that they do not occur at all in the polar regions. They are,
on the whole, most frequent in the region between 11° and 15°
north of the cquator; and generally of more common occurrence
in the northern hemisphere, or as Sémmering maintains,
may be scen there at a greater distance from the equatorial
regions, thay in the southern hemisphere. (Outlines, § 393;
Observations at the Cape, p. 453.) Galilco cven cstimated
the extreme limits of northern and southern heliocentrie lati-
tude at 29°. Sir John Ilerschel extends them to 85°, as has
also been done by Schwabe. (Sehum. Astr. Nachr. No. 473.)
Laugicer found some spots as high as 41° (Comples rendus,
tom. xv. p. 944), and Schwabe even in 50°.  The spot

d’une trés haute montagne, pourrait y observer 1éguli¢rement
les nuages de la troisicme enveloppe solaire, situés, en appas
rence, sur le contour de l'astre ow un pew en dehors; déter-
miner cc qu’ils ont de permanent et de varinble, noter les
ériodes de disparition ¢t de réapparition . . . . . P
“Whatever will perceptibly diminish the brilliant intensity
of that portion of the terrestrial atmosphere which appears -
to enclosc and touch the circumfirence of the Sun, may
contribute to render the rosc-coloured protuberances visible.
‘We may, therefore. hope that an expericnced astronomer
msucceed, on the summit .of some high mountain, in
ng systematic and rcgular observations of the clouds of
the third solar envelope, which appear to be situated n the.
margin of the Sun, or a liltle beyond it; and thus determine.
e permanence or variability ‘of their character, and note
“the epochs of their disappearance and re-appearanee . .,
(Arago, Anngaire pour 1846, p. 471.)
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observed by La Hirein 70° North Latitude, must be regarded
a8 & very rare phenomenon.

This distribution of spots on the Sun’s disc, their ranty
under the equator and in the polar regions, and their parallel
position in reference to the equator, led Sir John Herschel to

" the conjecture, that the obstructions which the third ‘vaporous
external atmosphere may present at some points to the libe-
ration of heat, gencrates currents in the Sun’s atmosphere
from the poles towards the equator, similar to those which
upon the Earth occasion the trade-winds and calms near the
equator, owing to differences of velocity in each of the parallel
zones. Some spots are of so permancnt a character, that
they have continued to appear for fully six months, as was

" the case with the large spot visible in 1779. SBhwabe was
enabled to follow the same group cight times in the year
1840. A black nuclcoid spot, delincated in Sir John Her-
schel's Observations at the Cape (to which T have made such
constant reference), was found by accurate measurcment to
be so large, that supposing the whole of our Earth to be
propelled through the opening of the photosphere, there
would still have remained a free space on cither side of more

_than 920 geographical miles. Sommering directs attention
‘to the fact, that there are certain meridian belts on the Sun's
disc, in which he had ncver observed a solar-spot for many
years together. (Zhilo. de Solis maculis a Swmmaﬂngw
-observatss, 1828, p. 22.) The great differences presented in
the data given for the period of revolution of the Sun,are not,
by any means, to be ascribed solely to want of accuracy in the
observations; they depend upon the property exhibited by
some spots, of changing their position on the dise. Laugier has
devoted special attention to this subject, and has observed

- spots which would give separate rotations of 24d. 28m. and

26d. 46m:. Our knowledge of the actual period of the rota-’
tlon of the Sun, can therefore only be regarded as the meam
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of & large number of obscrvations of those macule, which,
‘from their permanence of form, and invariability of position
in reference to other co-cxistent spots, may form the basis
5f reliable gbservations.

Although solar maculee may be more frequently scen by
‘the naked eye than is gencrally supposed, if the Sun’s disc
be attentively observed, there yet occur not more than two
or three notices of this phenomenon between the beginning
of the ninth and of the seventeenth centuries, on the accuracy
of which we can rely. Among these I would reckon the
supposcd retention of Mercury within the Sun’s disc for cight
days, in the ycar 807, as rccorded in the annals of the
Frankish kings, first ascribed to an astronomer of the Bene-
dictine order, and subsequently to Eginhard; the 91-days
transit of Venus over the Sun, uuder the Caliph Al-Motas-
sem, in the ycar 840; and the Signe in Sole of the year
1096, as noticed in the Staindelii Chronicon. 1 have during
several years made the cpochs of the mysterious obscurations
of the Sun which have been recorded in history,—or, to use
a more correct expression, the periods of the more or less
prolonged diminution of Lright daylight —the subject of
special investigation, both in a meteorological and a cosmieal
point of view.* Since large numbers of solay spots (Hevelius

B Although it cannot be doubted that individual Greeks

., and Romans may have seen large Sun-spots with the naked
eyo, it is, at all events, certain, that such observations bhave
never been referred to in any of the works of Greek and
Romap anthors that have come down to us. The passages of
Theophrastus, De Signis, iv. 1, p. 797; of Aratus, Diosem.
‘v. 90-92; and of Proclus, Paraphr. 11, 14, in which the
+ younger Ideler (Meteorol. Veterum, p. 201, and in the Com-
mentary to Arislof. Meteor. tom. i. p. 374) thought he could
 discover references to the Sun’s spots, merely imply that_the
Sun’s dise, which indicates fine weather, exhibits no difference
on; its surface nothing remarkable (undé 7 ofjua pépor), but,
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observed a group of this kind on the 20th of July, 1643, which
covered the third part of the Sun’s dise) have always beqn
‘accompanied by numerous faculw, I am not muéh disposed to

on the contrary, perfect uniformity. The ofjua, the dappled
surface, is.cxpressly ascribed to light clouds, the atmosphere
(the scholiast of Arastus says, to the thickness of the air);
aence we always hear of the morning and evening Sun,
because their dise, independently of all Sun-spots, are sup-
poscd, even in the present day, according to an old belief,
not wholly unworthy of regard, to give notice to the farmer
and the mariner, as diaphanometera, of coming changes of
weather. The Sun’s disc, on the horizon, gives an indication
of the condition of the lower atmospheric strata which are
nearer the Karth. The first of the Sun-spots noticed in the
text as visible to the naked eye, and falsely regarded in the
years 807 and 840 as transits of Mercury and Venus, is
recorded in the great historical colleetion of Justus Reuberus,
Veleres Scriptores-(1726), in the scction Annales Regum
Francorum Pipini, Kuroli Mugni et Ludovici, a quodam ejus
etatis Astronomo, Ludovici regis domestico, conscripli, p. 58,
These annals were originally ascribed to a Benedictine monk
{p- 28); but, subscquently, and corrcetly, to the celebrated
Eginhard, Charlemagne’s scerctarv.—Sce Annales Einhards,
"in Pertz, Monumenta Germanie historica, Secript.tom. i. P-
194, The following is the passage referred to: “ DCCCCVIL.
Stella Mercurii xvi kal. April, visa est in Soic qualis parva
macula nigra, paululum superius medio ccutro cjusdem sideris,
gue a nobis octo dies conspicata est; sed quando primum
intravit vel exivit, nubibus impedientibus, minime notare
potuimus.” ¢ On the 15th of March, DCCCCVIIL., Mercury
appeared to be a emall black spot on the Sun, a little above
his centre, and was visible to us in that position for eight
days; but, owing to the obstruction offered by the clouds, we
were not able to see either when it reached or left that
place.”—The so-called transit of Venus, recorded by the
Arabian astronomers, is noticed by Simon Assemanus, in the
' %ztro«}uction to the Globus Celestis Cufico-Arabicus Veliterni
Borgiani, 1790, p. xsxviii: * Anno Hegyrm 225,
-regnante Almootasemo Chalifa, visa cst in Sole prope medium
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aseribe to nucleoid spots those obscurations during which stars
were partly visible, as in total solar eclipses.
As, accordiflg to Du S¢jour’s caleulation, the longest pos-

nigra quedam macula, idque feria tertia die decima nona
mensis Regebi . . . .” This appearance was believed
to be the planct Venus, and the same {luck spot (macula
nigra) was supposed to have been scen for 91 days (probably
with intermissions of twelve or thirtcen days?). Soon after
this, the reigning Chalif Motassem dicd.—I have selected the
following seventeen cxamples from a large number of facts
collected from the historical rccords derived from popular
tradition, as to the occurrence of a sudden decrcase in the
light of the Sun:

45 B.c. At the death of Julius Cusar: after which event
the Sun remained pale for a whole year, and gave less
than its usual warmth; on which account the air was
thick, cold. and hazy, and fruit did not ripen.—Plu-
tarch, in Jul. Ces. cap. 87; Dio Cuss. xliv.; Virg. Georg.
i. 466.

83 A.n. The year of the Crucifixion, *“Now from the
sixth hour there was darkness over all the land till the
ninth hour.” (St. Matthew, xxvii. 45.) According to
8t. Luke, xxiii. 45, ¢ the Sun wis darkened.”  In order
to explain and corroborate these narrations, Euscbius
brings forward an celipse of the Sun in the 202nd

. Olympiad, which had been noticed by the chronicler,

Phlegon of Tralles. (Ideler, Hlandbuch der mathem.
Chronologie, Bd. ii. p. 417) Wurm has, However,
shown that the celipse vhich occurred during this
- Olympiad, and was visible over the whole of Asia
Minor, must have happened as carly as the 24th of
November, 29 A.n. The day of the Crucifixion corre-
sponded with the Jewish Passover (Zdeler, Bd. i. pp.
515-520), on the 14th of the month Nisan, and the
Passover was always cclebrated at the time of e full
moon. The Sun cannot therefore have been darkened
for three hours by the Moon. The Jesuit Scheiner
thinks the decrcasc in the light might be ascribed: to-the
occurrence of large Sun-spots. -
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sible duration of a total eclipse of the Sun cannot be morp
than 7m. 58s. at the equator, nor more than 8m. 10s. for the
latitude of Paris; the decrease of daylight whi¢h is recorded

4

58 A.n. A darkening continuing two hours, on the
22nd of August, before the fearful earthquake of Nico-~
media, which also destroyed several other cities of Mace-
donia and Pontus. The darkness continued from two to
three hours: “ncc contigua vel adposita cernebantur.”
¢ Without either contiguous objects or those in juxta-
position being discernible.”—Ammian. Marcell. xvii. 7.

60 A.D. In all the eastern provinces of the Roman Em-
pire, «per Eoos tractus,” there was obscurity from carly
dawn till noon; ** Caligo a primo aurore exortu adusque
meridiem,” Ammean. Marcell. xx. 3; but the stars con-
tinued to shine: conscquently, there could not have been
any shower of ashes, nor, from the long duration of the
phenomenon, could it be ascribed to the action of a total
eclipse of the Sun, to which the historian rcfers it.
% Cum lux ceelestis operiretur, ¢ mundi conspectu penitus
luce abrepta, defccisse diutius solem pavide mentes:
hominum wmstimabant: primo attenuatum in lunm corni-
culantis effigiem, deindc in specicm auctum semenstrem, .
posteaque in intcgtum restitutum. Quod alias non
evenit ita perspicue, nisi cum post intequales cursus
intermenstruum lunee ad idem revocatur.” ¢ When the
light of heaven, suddenly and wholly concealed, was
hidden from the world, trembling men thought the Sun
had left them for a very long time; at first it assumed
the form of a horned moon, then increased to half its

per size, and was finally restored to its integrity.
g:t it did not appear so bright until, after all irregular
motions were over, it returned.” This description
entirely corresponds with a true eclipse of the Sun;
but how are we to explain its long duration, and the
“ caligo” expericneed in all the provinces of the East?

09 o.0. When Alaric appcared before Rome, there was
80 great a darkness, that the stars were seen by day,—

- Schnurrer, Chronik der Seuchen, Th. i.p. 113, '

536, Justinianus I. Cesar imperavit annos triginta-octo; -
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by the annalists may, on account of its duration for many
hours, possibly be referred to one or other of the three
following and®very different causes: 1. A disturbance in the

. —

(727 to 565). Anno imperii nono deliquium lucis passus
cst Sol, quod annum integrum ct duos amplius menscs
duravit, adeo ut parum admodum de luce ipsius appa-
reret; dixeruntque homines Soli aliquid accidisse, quod
nunquam ab eo reecderet.” *In the ninth ycar of the
reign of Justinian I., who reigned thirty-eight years, the
Sun suffered an cclipse, which lasted a whole year and
two months, so that very little of his light was scen;
men said that something had clung to the Sun, from
which it would never be able to disentangle itself.”
—Gregorius Abu’l-Faragius, Supplementum Historie
Dynastiarum, cd. Edw. Pocock, 1663, p. 94. This
phenomenon appears to have been very similar to one
observed in 1783, which, although it has received a name
(IIshenrauch),* has in many cases not been satisfactorily
explained.
567 A.». “Justinus II. annos 13 imperavit (565-578).
Anno imperii ipsius sccundo apparuit in celo iguis
flaimmans juxta polum arcticum, qui annum integrum
permansit; obiexeruntque tencbree mundum ab hora diei
nona noctem usque, adeo ut nemo quicquam videret;
deciditque ex aire quoddam pulveri minuto et eineri
simile.” ¢ In the second year of the reign of Justinian
II., who reigned thirteen years, there appeared a flame
of fire in the heavens, near the North Pole, and it re-
mained there for a whole year; darkness was cast over
the world from three o'clock until night, so that nothing
. could be scen; and something rescmubling dust and ashes
“fell down from the sky.”’—Abul-Farag. 1. e. p. 95.
-Could this phenomcenon have continued for a whole year
like a perpetual northern-light (magnetic storm) and
: geen’ succeeded by darkness and showers of wetcorie
ust:

-+ ® A kind of thick, ycllowish fog, common in._North
Germany. o
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process of the cvolution of light, as it were a diminution of
intensity in thc photosphere; 2. Obstructions (such as a
greater and denser formation of clouds) in «the outermost

626 A.n. According also to Abu'l-Farag. (Iist. Dynast.
PP- 94, 94). half of the Sun’s disc continucd obscured
for cight montbs.

733 A.n. Onc year after the Arabs had been driven back
across the Pyrences after the battle of Tours, the Sun
was 50 much darkened on the 19th of August. as to
excite universal terror. — Schuurrer, Chron. theil i

. 164.

8017) AD. A Sun-spct was observed, which was believed
to be the planet Mercury.—Reuber, Fet. Seript. p. 58
(sce p. 875.)

840 o.n. Trom the 28th of May to the 26th of August
(Assemani singularly cnough gives the date of May,

- 839), the so-called transit of Venus across the Sun's
dise was observed. (Seeabove, pp. 379-380.) The Chalif
Al-Motussem reigned from 834 to 841, when he was
succecdod by Harun-cl-Watcek, the ninth Chalif.

934 A.p. In the valuable work Ilistoria de Pertugal, by
Faria v Sourza, 1750, p. 147, 1 find the following pas-
sage: ¢ En Portural se vi6 sin luz la tierra por dos
meses.  Avia ¢l Sol perdido su splendor.” The Farth
was witheut light for two months in Portugal, for the
Sun had lost its brightness. The heavens were then
opened in fissures ¢ por fractura,” by strong flashes of
lightning, when there was suddenly bright Sun-light.

1091 A.p. On the 21st of September, the Sun was dark-
ened for three hours, and when the obscuration had
ceascd, the Sun’s disc still retained a peeuliar colour.
¢ Fuit cclipsis Solis, 11 Kal. Octob. fere tres horas:
Sol circa meridiem dire nigresecbat.” Martin Crusius,
Annales Suevici, Francof. 1595, tom. i. p. 279; Schnurrer,
th. i. p. 219.

- 1096 A.]IJ). Sun-spots were seen by the naked eye on the
3rd of March. “Signum in Sole apparuit V, Nono
Marcii feria secunda incipientis quadragesime. Joh.
Staindelii, Presbyteri Patavicnsis, Clirogicon generale,
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opaque vaporous cnveclope investing the photosphere, by
which the radiation of solar light and heat is impeded;
8. The impume condition of our atmosphere, arising, for

in Oefelii Rerum Doicarum Scriptores, tom. i. 1763,
. 485.

1286 A.D. On the last day of February, there was, ac-
cording to Joaquin de Villalba (Jpidemiologia espaiiola,
Madr. 1803, tom. i. p. 30), complete durkness for six
hours, turning the day into night. This phenomenon
was succeeded by long-continued and abundant rains.
« Kl dia ultimo del mes de Febrero hubo un eclipse de
Sol que durd seis horas enn tanto obscuridad como si
fuera media noche. Siguic¢ron & cste fenomeno abun-
dantes y eontinuas Huvias.” A very similar phenomenon
is recorded for Jume, 1191, by Schaurrer, th. i. pp.
258, 265.

12il A.n. TFive months after the Mongolian battle at
Licgnitz, the Sun was darkened (in some places?) and
such darkness caused that the stars could be seen in the
heavens at three o’clock on Michaclmas day. ¢ Obscuratus
est Sol (in quibusdam locis?), ct factre sunt tencbre, ita
ut stelle viderentur in ceelo, circa festum 8. Micheelis
hora nona.”  Cronicon Cluustro-Neoburgense (of the
Monastery of Neuberg, at Vienna: this chronicle com-
prises the annuls of the period from the year 218 a.n.
to 1348) Pez, Seriptuies, ierum ustriacarum, Lips.
1721, tom. i. p. 458.

1647 a.n. The 23rd, 24th, and 25th of April, conse-
quently the days preceding, and immediately succeeding
the battle of Miihlbach, in which the Elecctor John
Frederick was taken prisoner. Kepler says in Para-
lipom. ad Titellium, quibus Astronomic pars Optica
traditur, 1604, p. 259, * The clder and younger Gemma
reeord that in the year 1547, befure the battle between
Charles V and the Duke of Saxony, the Sun apreared
for three days as if it were suffused Ly blood, while at
the same time many stars were visible at noon.”” * Re-
fert Gemma, pater et filius, anno 1547, ante conflictum
Caroli \.7 eum Saxonice Duce, Solem per tres dies ceu
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instance, from the obscuring (mostly organic) méteoric dust,
ink-, or sand-rain, such as is described by Macgowan to have
continued for scveral days together in Chinz. The second
and third of these causes do not require the occurrence of &
diminution of- the electro-magnetic light process, perhaps,
(of the perpetnal polar light®) in the solar atmosphere ; but
the last-named cause excludes the visibility of stars at noon,
of which such frequent mention is made in these mysterious
and vagucly described obscurations.

Arago’s discovery of chromatic polarization has not only
confirmed the existence of the third and outermost envclope
of the Sun, but has likewisc added considerable weight to the
conjectures advanced in reference to the whole physical con-

sanguine perfusum comparuisse, ut etiam stelle pleraque

in meridie conspicerentur.” Xepler, (in Stella Nova in
Serpentario, p. 113,) further expresses his uncertainty

as to the cause of the phenomenon; he asks whether the
diminution of the Sun’s light be owing to some cclestial
causes: * Solis lumen ob causas quasdam sublimes hebe-

tari . . . .” whether it be owing to the wide diffu-

sion of somec cometary substance ‘ materia cometica
latius sparsa,” for the csuse cannot have originated ix

our atmosphere, sincc the stars were visible at noon.”
Schnurrer (Chronik der Seuchen, th. ii. p. 93) thinks,
notwithstanding the visibility of the stars, that the
phenomenon must have been the same as the so-called

« Hohenrauch;” for Charles V, complained before the
battle, * that the Sun was always obscured when he was-
about to engage with the cnemy.” ¢ Sempcr se ncbulw
densitate infestari, quotics sibi cum hoste pugnandum-
sit.” gl:a.mbert, Hortens. de bello german. lib, vi. p. 182.)

® Horrebow (Basis Astronomie, 1135, § 226) makes use of
the same expression.  Solar light, according to him, is “a’
perpetual Northern-light within the Sun’s atmosphere, produced:
by the agency of powerful magnetic forces.” (See Hanow, in,
Joh. Dan. Titius' gemeinniilzige Abhandlungen iiber naturlich
_Dinge, 1768, p. 102.) o '

R
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aqtut:on of the central body of our planctary system. “A
ray of light which reaches our eyes, after traversing many
millions of milgs, from the remotest regions of heaven,
announces, as it were of itself, in the polariscope, whethar
it is reflected or refracted, whether it emanates from a
polid or fluid or gnseous body; it announces cven the degree
of its intensity. * (Cosmos, vol. i. p. 83, and vol. ii. p. 715.)
It is essential to distinguish between natural light, as it
emanates du'cctly from thc Sun, the fixed stars, or flames
of gas, and is polarized by reflection from a glass-plate at
an angle of 35° 25’; and that polarized light, which is
radiated as such from certain substances (as ignited bodies,
whether of a solid or liguid naturc). The polarized light
which emanates from the above-named class of bodies, very
probably procecds from their interior. As the light thus
emanates from a denser body into the surrounding attenuated
atmospheric strata, it is refracted on the surface; and in this
process a part of the refracted ray is reflected back taq the
interior, and is converted by reflection into polarized light,

* whilst the other” portion cxhibits the propertics of light

polarized by refraction.  The chromatic polariscope distin<
guishes the two by the opposite position of the coléured
complementary images. Arago has shewn, by careful
experiments extending beyond the year 1820, that an
ignited solid body (for instance, a red-hot iron ball), or a
luminous, fused metal, yield only ordinary light, in rays
issuing in a perpendicular direction, whilst the rays which
reach our eyes from the margins, under very small angles,
are polarized. When this optical instrument, by which the

two kinds of light could be distinguished, was applied to gas

flames, there was no indication of polarization, however
small were the angles at which the rays emanated. If even
the light be generated in the interior of gaseous bodies, the
léngth of way docs not appear to lcssen the number and
.-NOL. IV, © 4
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intensity of the very oblique rays in their passage through
the rare media of the gas, nor does their emergence at the
surface and their transition into a different medium cause
polarization by refraction. Now, since the Sun does not
“either exh.bxt any trace of polnrlza.txon when the light 18
suffered td reach the polariscope in a very oblique direction,
and at small angles from the margin, it folfows from this
important comparison that the light shining in the Sun can-
not emanate from the solid solar body, nor from any liquid
substance, but must be derived from a gaseous, self-luminous
envelope. We thus possess a material physical analysis of
the photosphere.

. The same instrument has, however, also led to the con-
clusion that the intensity of the light of the Sun is not greater
in the centre of the disc than at its margins. 'When the two
complementary coloured images of the Sun—the red and blue
—are 5o arranged that the margin of the one image falls on
the centre of the other, perfect white will be produced. 1f
the intensity of the light were not the same in the different
parts of the Sun’s dise, if, for example, the centre were more
luminous than the margin, then the partial covering of the
images in the common segments of the blue and red dise
would not exhibit a pure white, but a pale red, because the
blue rays would only be able to ncutralize a portion of the
more numerous red rays. If, moreover, we remember that
in the gaseous photosphere of the Sun, in opposition to that’
which occurs in solid or liquid bodies, the smallness of the
angle at which the rays of light emanate, does not cause
their number to diminish at the margins; and as the same
avgle of vision cmbraces a larger numbef of luminous points
at the margins than in the centre of the dise, we could not
here reckon upon that compensation which, were the Sun a
‘luminous iron globe, and consequently a solid body, would

takq place between the opposite effects of the smallness of
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the angle of radiation and the comprehension of a larger
number of luminous points at the same visual angle. The
self-luminous gaseous envelope, ¢. e., the solar disc visible
to us, must therefore (in opposition to the indications of the
polariscope, which shows.the margin and the centre to be of
equal intensity?), appear more luminous in the centre than at
the margin. The cause of this discrepancy has been ascribed
to the outermost and less transparent vaporous envelope sur-
rounding the photosphere, which diminishes the light from
the centre less than that of the marginal rays on its long
passage through the vaporous envelope.*  Bouguer, Laplace,

% Arago, in the Mémoires des sciences mathém. et phys.
de Ulnstitut de France, anmée 1811, partic i. p. 118;
Matthieu, in Dclambre, Hist. de U Astr. au dizhuitiéme siécle,

.'851, 652. TYourrier, Eloge de William Herschel, in the
Bgém. de U Institut, tom. vi. année 1823 (Par. 1827), p. Ixxii.
It is alike remarkable and corroborative of the great umifor-
mity of character in the light of the Sun, whether emanating
from its centre or its margius, that, according to an ingenious
experiment made by Forbes, during a solar eclipse in 1836,
a spectrum formed from the circumferential rays alone was
identical both in reference to the number and position of the
dark lines or stripes interseeting it, with the speetrum arising
from the entire solar light. 'When, therefore, rays of certain
refrangibility are wanting in solar light, they have probably
not passed into the Sun's atmosph re, as Sir David Brewster
conjectures, since the circumferential rays produce the same
dark lines when they shine through a much thicker medium.
(Forbes, in the Coinptes rendus, tom. ii. 1836, p. 576.) I will
append to this note all the facts that I collected in the year
,1847, from Arago’s MSS, :— ¢ .

“Des phénoménes de la polarisation colorée donnent la
certitude que le bord du Soleil a la méme intensité de lumiére
que le centre ; car en plagant, dans la polariscope un segment
‘dn bord sur un segment du centre, j'obtiens (comme effet -
complémentaire du rouge et du bleu) un blanc pur.’ Dans-
un corps solide (dans une boule de fer chauffée au rouge) le

H2 L
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Airy, and Sir John Herschel, are all oppositl to these yiews‘ of
my friend, and consider the intensity of the light weaker at.the

méme angle de vision embrasse une plus grande étendue au*
bord qu’au centre, selon la proportion du cosinus de I'angle :
mais dans la méme proportion aussi, le plus grand nombre
de points matéricls émettent une lumiére plus fhible, en rasson
de leur obliquité. Le rapport de I'angle est naturellement le
méme pour une sphére gazeuse, mais Pobliquité ne produisant
pas dans les gaz le méme cffet de diminution que dans les
corps solides, le bord de la sphére gazeuse serait plus
lumineux que le centre. Ce que nous appelons le disque
lumineux du Soleil, est la photosphére gazeuse, comme je I'ai
grouvé par le manque absolu de traces de polarisation sur le
ord du disque. Pour expliquer done Pégalité dintersité du
bord et du centre indiquée par le polariscope, il faut admettre
une enveloppe extérieure, qui diminue (éteint) moins la
lumiére qui vient du centre que les rayons qui viennent sur
le long trajet du bord & I'eil. Cette enveloppe extérieure
forme la couronne blanchitre dans les éclipses totales du
Soleil. La lumiére qui émane des corps solides ¢t liquides
incandescens, est partiellement polarisée quand les rayons
observés forment, avec la surface de sortie, un angle d'un
etit nombre de degrés; mais il n’y a aucune trace sensible
Se polarisation Jorsqu’'on regurde de la méme manidre dans le
polariscope des gaz enflammés. Cette expérience démontre
que la lumiére solaire ne sort pas d’'unc masse solide ou liquide
incandescente. La lumiére ne s’engendre pas uniquement &
1a surface des corps; une portion nait dans leur substance
méme, cette substance fiit-elle du platine. Ce n’est done pas
la décomposition de I'oxygéne ambiant qui donne la lumiére.
L'émission de lumiére polarisée par le fer liquide est un cffet
de réfraction au passage vers un moyen d’une moindre densité.
Partout od il y a réfraction, il y a production d'un peu de
lymiére polarisée. Les gaz n’en donnent pas, parceque
leurs couches n’ont pas assez de densité. La Lune, suivie
pendant le -cours d’une lunaison entiére, offre des effets de
polarisation, excepté a I'époque de larleine Lune et des jours
"qui en approchent beaucoup. La lumiére solaire trouve,
sartout dans les premiers et derniers quartiers, 4 la surface,
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‘margin than in the centre. Thelast named of these distin guished

physicists and astronomers expresses himself as follows, in
. L .

" inégale (montagneuse) de notre satcllite, des inclinaisons, d
lans convenables pour produire la polarisation par réflexion.’
“The pherpomena of chromatic polarisation afford evidena
that the margin of the Sun has the same intensity of light as
the centre ; for by placing in the polariscope a segment of the
margin upon a central scgment, I obtain a pure white as the
complementary effect of red and blue. In a solid body (as
in an iron ball heated red-hot.) the same visual angle
embraces a larger cextent of the margin than of the
centre, according to the ratio of the cosine of the angle:
‘but in the same ratio, the greater number of the material
points emit a feebler light, fn consequence of their obliquity.
The ratio of the angles is naturally the same for a gaseous
‘sphere; but since the obliquity does not produce the
same amount of diminution in gases asin solid bodies, the
margin of the gaseous sphere would be more luminous than
ite centre. ‘That which we term the luminous disc of the Sun
+is the gascous photosphere, as 1 have proved by the entire
e™sence of every trace of polarization on the margin of the
a, . To explain the equality of intensity indicated by the
polariscope for the margin and the centre, we must admit the
existence of an outer envelope, which diminishes (extin-
guishes) less of the light which comes from the centre than
from the marginal rays having a longer way to traverse before
they rcach the eye. This outer envelope forms the whitish
eorona of light observed in total eclipses of the Sun. The
light which emanates from solid and liquid incandescent
vbodies, is partially polarized when the rays observed form an
fangle of a few degrees with the surface from whence they
emerge; but there is no sensible evidence of polarization -
.when incandescent gases are secn in the polariscope. This
‘experiment proves, therefore, that solar light does not émanate
from a solid mass or an incandescent liquid. Light is not
engendered solely on the surface of bodies; but a portion
ongipp.tes within the substance itself, even when the experi-
ent is made with platinum. Light, therefore, is not pro-
ﬁed by the decomposition of the ambicnt oxygen. The
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reference to this question :®— Now, granting the existence
of such an atmosphere, its form, in obedience to the laws of
equilibrium, must be that of an oblate spheroid, the ellip-

ticities of whose strata differ from each other and from that of
the nucleus. Consequently, the equatorial portions of this enve-
lope must be of a thickness different from that of the polar,
density for density, so that a different obstacle hust be thereby
opposed to the escape of heat from the equatorial and the
polar regions of the Sun.” Arago is engaged at the present
moment in a scries of experiments, by which he purposes to
test not only his own views, but also to reduce the results of
observation to accurate numerical relations.

emission of polarized light from liquid iron is an effect of
refraction during its pussage towards a medium of lesser
density. Wherever there is refraction, a small amount of
larised light must be produced : gases do not emit polarized
ight, because their strata do not possess the requisite amount
density. When the Moon is followed through all its phases,
it will be found to afford cvidences of polarization, excepting
at the full moon and the days immediately preceding and
following it. It is more especially during the first and last
quarters that the uncqual (mountainous) surface of our satel-
lite presents suitable inclinations for the polarization of solar
light by reflection.”
® Sir John Herschel, Astron. Observ. made at the Cape
of Good Hope, § 425. p. 434; Outlines of Astr. § 395,
p- 284. Compare Fizeau and Foucault, in the Comiptes Rendus
de P Acad. des Sciences, tom. xviii. 1844, p. 860. It is
remarkable enough that Giordano Bruno, who was burnt
eight years before the invention of the telescope, and eleven
' iﬂears before the discovery of the spots of the Sun, should
ve believed in the rotation of the Sun upon its axis. He
considered, on the other hand, that the centre of the Sun was
less luminous than the edges. Owing to an optical deception,
he bgieveld that1 hedsuw the 'clis(t.aI trl:ﬁln roll;nd, and the whirl-_
ing edges expand and contract. (Jordano Bruno, par Christidn_
Bu‘tholmen,patom. ii. 1847, p. 367.) per N
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A comparison between solar light and the two most intense
kinds of artificial light which man has hitherto been able to
produce, yields, according to the present imperfect condition

, 9f photometry, the following numerical results :—Fizeau and
Foucault found, by their ingenious experiments, that Drum-
mond’s light (produced by the flame of the oxy-hydrogen
lamp directed Y%against a surface of lime) was to the light of
the Sun’s disc as 1 to 146. The luminous current, which in
Davy’'s experiment was generated between two charconl
points, by means of a Bunscn’s battery, baving forty-six
small plates, was to the light of the Sun as 1 to 4:2; but
when very large plates were used, the ratio was as 1 to 2'5,
and this light was, therefore, not quite three times less intense
than solar light® WL.n we consider the surprise still
experienced at the circumstance’ of Drummond’s dazzling
light forming a black spot when projected on the Sun's dise,
we are doubly struck by the felicity with which Galileo, by
& series of conclusions as carly as 1612,¥ on the smallness of
the distance from the Sun at which the disc of Venus was
no longer visible to the naked eye, arrived at the result that
the blackest nucleus of the Sun’s spots was more luminous
than the brightest portions of the full Moon.

. % Fizeau and Foucault, Reckerches sur Uintensité de la
Lumiére émise par le Charbon dans Uexpérience de Davy' in
- the Comptes Rendus, tom. xviii. 1844, p. 753.—* The most
intensely ignited solid (ignited quicklime in Lieutenant Drum-
‘mond’s oxy-hydrogen lamp), appear only as black spots on the
disc of the Sun when held between it and the cye.” Outlines,
p- 36 (Cosmos, vol. ii. pp. 707-708.)
« ¥ Compare Arago’'s commentary on Galileo’s letter to
Welser, as well as his optical explanation of the
influence of the diffuse reflected solar h;iht of the atmospheric
strata which covers the object seen in the sky upon the field
of & telescope, as it were, with a luminous veil, in the Annu-
aire du Bureay des Long. pour 1843, pp. 482-487.
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William Herschel, assuming the intensity of the whols
light of the Sun at 1,000, estimated the average light of the
penumbre at 469, and the black nuclei at 7= According to_
this estimate, which is certainly very conjectural, a black.
-nucleus would yet possess 2,000 times more light than the
full Moon, since the latter, according to Lout;uer, is 300,000
less bright than the Sun. The degree of “illumination of
the nuclei visible to us, ¢. e. of the dark body of the Sun
iilumined by reflection from the walls of the opened pho-
tosphcre, the interior atmosphere from which the penumbre
are generated, and by the light of the strata of our ter-
restrial atmosphere through which we sce it, has been
strikingly manifested on the occasion of several transits
of Mercury. When compared with the planet, whose -
dark side was turned towards us, the ncar and darkest
nuclei presented a light brownish-grey appearance® The
admirable observer, Councillor Schwabe, of Dessau, was
particularly struck by this diffcrence of blackness between
the planet and the nuclei, in the transit of Mercury on
the 5th of May, 1832. On the occasion of my observing
the transit of this planct in Peru, on the 9th of November,
1802, in consequence of being engaged in measuring the
distances from the threads, I was unfortunately unable to
make any comparison between the different intensitics of the
light, although Mercury's disc almost touched the nearest
dark spot. Professor Henry, of Princcton, North America,
had already, shown, by his experiments in 1815, that the
Sun's-spots radiate a perceptibly less heat than those portions
.on‘hich there were no spots. , The images of the Sun and
of a large spot were projected on & screen, and the differences
of heat measured by means of a thermo-clectrical apparatus.®

® Madler, Astr. p. 81.
® Philos. Mag. scr. iii, vol. xxviii. p. 230; aud Po;,geud.
Annalen, bd. Ixviii. p. 101.

o
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Whether rays of heat differ from rays of light, by a differ-
ence in the lengths of the transversal vibrations of ether; or
whether they qare identical with rays of light, but that a
gertain velocity in the vibrations. which generates very high
temperatures, is requisite to excite the impression of light in
our organs, th;Sun, as the main source of light and heat, must
nevertheless, Be uble to call forth and animate magnetio
forces on our planet, and more especially in the gascous
strata of our atmosphere. The early knowledge of thermo-
electrical phenomeua in crystallized bodies (such as tourma.
line, boracite, and topaz), and Oersted's great discovery (1820)
that every conducting body charged with electricity exerts a
definitc action on the maguetic ncedle during the continua-
tion of the electrical current, afforded practical evidence of
the carrclgtion of heat, clectricity, and magnetism. Basing
his deductions on the idea of such an uffinity, Ampére,
who ascribed ull magnetism to electrical currents which lie in
a plane at right angles to the axes of the magnet, advanced
the ingenious hypothesis that terrestrial magnetism (the
magnetic charge of the Karth) was gencrated by electrical
currents, circuluting round the planet from east to west; and
that the horary variations of the magnetic declination are on
this acoount consequences of the fluctuations of heat, varying
with the position of the Sun, by whose action these currents
are excited. These views of Ampére have been confirmed
by Seebeck’s thermo-magnetic experiments, in which diffe-
rences of temperature of the points of contact of a circle
composed of bismuth and copper, or other heterogencous
metals, affect the magnetic needle.

Another recent and brilliant discovery of Faraday's, the
notice of which has been of almost simultancous occurrence
with the printing of these pages, throws an unexpeoted light
on the same important subject. Whilst the carlier rescarches
of this great physicist showed that all gases are diamagnetic,
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§. . assume & direction from cast to west, as bismuth and'
phosphoms, but that this property is ‘most feebly exlnblted
in oxygen; it has been shown by his latest researches, which *
were begun in 1847, that oxygen alone, of all gases, like
iron, assumes a position from north to south; and that oxygen
gas loses a portion of its paramagnetic forqe by expansion
and by elevation of the temperature. Sincettthe diamagnetié
activity of the other constituents of the atmosphere, such
the nitrogen and carbonic acid, are not modified by expan
sion or by an clevation of temperature, it only remains fo
us to consider the oxygen * which surrounds the whole Earth
as it were, like a large sphere of sheect-tin, and receives mag-
netism from it.” The half of this sphere which is turned
towards the Sun, is less paramagnetic than the opposite half;
and as the boundaries of these halves are constantly altered
by their rotation and revolution round the Sun, Faraday is
inclined to refer a portion of the variations of terrestrial mag-
netism on the Earth's surface to these thermic relations. The .
assimilation thus shown by experiment to exist between a .
single gas (oxygen) and iron, is an important discovery of our
own age,® which derives additional value from the fact that
oxygen probably constitutes the half of all the ponderable
matters that occur in accessible portions of our Earth.
‘Without assuming magneuc poles in the Sun’s body, or any
specml magnetic forces in the solar rays, the central body
may, as a powerful source of heat, excite magnetic activity on
our planet.

The attempts that have been made to prove, by means of
meteoroiogical observations prosecuted for many ycars at-

® Faraday upon atmospheric magnetism, in the
Researches on Electricity, series xxv. and xxvi. (Phdoa
Transact. for 1851, part i)-§ 2774, 2780, 2881, 2892,
2968, and fo the lustory of the investigation, § 2847,
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sndividuul spots, that one side of the Sun (for instance the
side which was turned towards the Earth on the 1st of January,
1846) possesses a more intense heating power than the oppo-
site one,® have not led to more reliable results than the older
Greenwich observations of Maskeleyne, which were supposed
to prove that the Sun had decreased in diameter.

The observatifns made by Councillor Schwabe, of Dessau,
for reducing the periodicity of the Sun’s spots to definite
numerical relations, appear to have a surer foundation. No
astronomer of the present day, however admirable may have

« been his instruments, could have devoted his attention more
-continuously to this subject than Schwabe, who, during the
long period of twenty-four years, frequently examined the Sun’s’
disc upwards of 300 days in the year. As his observations
of the Sun’s spots from 1844 to 1850 have not yet been
published, I have presumed so far on our friendship as to
request that he would communicate them to me, and at the
same time answer a number of questions which I proposed
to him. I will close this section of the Phystcal Constitution
of our Central Body, with the obscrvations with which this
observer has allowed mc to enrich the astronomical portion
of. my work.

"% The numbers contained in the following table leave no
doubt that, at least from the year 1826 to 1850, the occur~
rence of spots has been so far characterized by periods of

. tenyears, that its maxima have fallen in the years 1828, 1837,
and 1848, and its minima in the years 1833 and 1843. I
have had no opportunity,” says Schwabe, * of acquainting
myself with the older observations in a continued series, but

® Compare Nervander of Helsingfors, in the Bulletin de
la *Classe Physico-Mathém. de IAcad. de St. Pétersbourg,
tom, iii. 1845, pp. 30-32; and Buys-Ballot, of Utrecht, in
Poggend. .4nnalen der Physik, vol. 1xviii. 1846, pp. 205~-213.

o
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I willingly concur in the opinion that this period may itself

be further characterized by variability.”® »
Days showin, Days of
Year. Groups. ,{: Spots. s }Obsory:ation
b

1826 118 22 277
1827 161 2 273 °
1828 225 0 282
1829 199 0 244
1830 190 1 217
1831 149 3 239
1832 84 49 270
1833 33 139 267
1834 51 120 273
1835 173 18 244
1836 272 0 200
1837 333 0 168
183 282 0 202
1839 162 0 205
1810 1562 3 263
1811 102 15 283
1842 G8 64 307
1843 34 149 312
1844 52 111 321
1845 114 29 332
1846 157 1 314
1847 257 0 276
1848 330 0 278
1849 238 0 285
1850 186 2 308

B I have distinguished by inverted commas the quotations
from Schwabe’s manuscript communications from pp. 399-400,
Only. the observations of the years 1826 to 1843 have already
been published in Schumacher's Astrom. Nackr. no. 495
{Bd. xxi. 1844), p. 235.
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.“T observed large spots visible to the naked eye in almost
all the years not characterized by the minimum ; the largest
ppeared in 1828, 1829, 1831, 1836, 1837, 1838, 1839, 1847,
848. I regard all spots whose diameter excceds 50" as
, and it is only when of such a size- that they begin to
visible to evengthe kecnest unaided sight.

“The spots undoubtedly closely connected with the
formation of facule, for I have often observed facule or * nar-
ben’ formed at the same points from whenee the spots had
disappeared, whilst new solur spots were also developed within
the facule. Every spot is surrounded with a more or less

right luminous cloud. Idonot think that the spots exert ary
influence on the annual temperature. I register the height
of the barometer and thermometer three times in the course
of each day, but the annual mean numbers deduced from
these observations have not hitherto indicated any appre-
ciable connection between the temperature and the number
of the spots. Nor, indeed, would any importance be due to
the apparent indication of such a conmection in individual
cases, unless the results were found to correspond with others
derived from many different parts of the Earth. If the
solar spots exert any slight influence on our atmosphere, my
tables would, perhaps, rather tend to show that the years
which exhibit @ larger number of spots, had a smaller number
of fine days than those exhibiting few spots.” (Schum.
Astron. Nachr. No. 638, § 221.)

“ William Herschel named the brighter streaks of light
which are seen only towards the Sun’s circumference, facule,
and the vein-like streaks visible only towards the centre of the
Sun’s dise, ¢ narben’ (Astr. Nachr. No. 350, p. 243). I am
opinion that the fzcule and * narben’ ave both derived from
the same conglobate luminous clouds, which appear more
intensely bright at the circumference, but being less luminous
in the centre of the Sun’s disc than the surface, exhibit the
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appearance of “narben.” I think it preferable to designate
all the brighter portions of the Sun as Zuminous clouds;
dividing them, according to their form, ito globate and
vein-like. These luminous clouds are irregularly distributed
over the Sun, and when more strongly manifested occasion-
ally impart a mottled or marbled sppearafce to the disc.
This is often distinctly visible over the entire circumference
of the Sun, and sometimes even to its poles, but yet always
most decidedly manifested in the two proper zones of the
. spots, even when no spots are visible in those regions. At
such times thesc bright zones of Sun-spots vividly remind
one of Jupiter's belts.

« The fainter portions lying between the vein-like luminous
clouds on the general surface of the Sun are deeper inden-
tations, and always present a shagreen-like grey, sand-like
appearance, reminding the observer of a mass of uniformly-
sized grains of sand. On this shagreen-like surface we may
occasionally notice exccedingly small faint grey (not black)
pores, which are further intersccted by very delicate dark
‘veins. (Astr. Nachr. no. 478, p. 286.) These pores, when
present in large masses, form grcy nebulous groups, consti-
tuting the penumbree of the Sun-spots. Here the pores and
black points may be scen spreading from the nucleus to the
circumference of the penumbra, generally in a radiating form,
which éccasions the identity of configuration so frequently
observed to exist between the penumbra and the nucleus.”

The signification and connection of thesc varying pheno-
mena can never be manifested in their entire importance to
the inquiring physicist, until an uninterrupted series of-
representations of the Sun's spots® can be obtained by the
aid of mechanical clock-work and photographic apparatus,
as -the result of prolonged observations during the ‘many

® 8ir John Herschel, Observations at the Cape, p. 434.
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months of serene weather enjoyed in a tropical climate. The

, meteorological processes at work in the gaseous envelopes of
_the dark body of the Sun, are the causes which produce the
‘phenomena termed Sun-spots and conglobate luminous clouds,
It is- probable that there, as in the metcorology of our own
planet, the dist:gbuncea of very multifarious and complicated
character depend upon such general and local causes, that it
can only be by means of prolonged observations, charac-
terized by completencss. that we can hope to solve cven a,
portion of this still obscure problex.
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1L
THE PLANETS.

GEXERAL comparalive considerations of a whole clase of
cosmical bodies must here precede their individual descrip-
tion. These considerations refer to the 22 principal planets
and 21 moons [salellites, or secondary planets] which have
been discovered up to the present time; not to the planetary
bodies in gencral, among which the comets whose orbits have
been caleulated are alome tenfold more numerous. The
planets possess, upon the whole, a feeble scintillation, inas-
much as they shinc by the reflected light of the Sun, and
their planetary light emanates from dises. (Cosmos, vol. iii.
p- 101.) In the ash-coloured light of the Moon, as well as
in the red light of its obscured dise, which is seen with
great intensity betwcen the tropics, the Sun’s light under-
goes, in reference to the observer upon the Earth, a twice
repeated change in its direction. Attention has been already
directed elsewhere! to the fact, that the Earth and other

" planets possess in themselves a fecble power of emitting
light, as is specially proved by some remarkable phenomena
upon that portion’of Venus which is turned away from
the Sun. .

“We shall consider the planets according to their number,

t Cosmos, vol. i. p. 196, and note P 197
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the sequence of their discovery, their volumes compared either
with each other, or with their disfances from the sun; accord-
ing to their rdlative densities, masses, periods of rotation,
degrees of eccentrfeity, the inclinations of their azes, and charac-
teristic differendes within and beyond the zone of the small
planet:. In thelcomparative contemplation of these subjects,
it is consistent with the nature of this work, to bestow espe-
cial attention upon the sclection of the numerical relations,
which, at the period in which these pages appear, are con-,
sidered to be the most accurate, ¢. e, the results of the most
recent and reliable investigations.

s . @. PRINCIPAL PLANETS.

1. Number and epoch of discovery.—Of the seven cosmical
bodies which, from the most remote antiquity, have been
distinguished by their constantly varying relative position
towards each other from thosc which apparcntly maintain the
same positions and distances,—the scintillating stars of the
region of fixed stars [orbis inerrans]—there arc only five
which appear star-like, “quinque stelle errantes;” they are
Mercury, Venus, Mars, Jupiter, and Saturn. The Sun and
the Moon remained almost scparated from the others, since
they form large discs, and also on account of the greater
importance -attached to them in accordance with religious
myths? Thus, according to Diodorus (ii. 30), the Chaldeans
were acquainted with only five plancts. Plato also says
distinctly in the Z¥maus, where he only once mentions the
planets, “Round the Earth, fixed in the centre of the Cosmos, -

.3 Gesenius, in the Hallischen Litteratur-Zeitung, 1822,
Noe. 101 and 102 (Supplement, pp. 801-812). Among the
eans, the Sun and Moon were held to be the two prinei-
pal deities; the five planets merely represented genii.
. VOL. IV, I L .
P d
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move the Moon, the Sun, and five otler stars, which have
received the name of planels; the whole, therefore, in seven
revolutions.”? In the old Pythagorcan representation of the
celestial system, according to Philolaus, the five planets were
mentioned in a similar manner among the '%1 deified bodics
which revolve round the central fire (the' focus of the
universe, ¢orie) *immediately bencath the ‘region of fixed
stars;"® these werc succeeded by the Sun, Moon, Earth,
and the dvrixOwy (the anti-Earth). Even Ptolemy always
speaks of only five planets. The enumeration of the
planets in systems of seven, as Julius Firmicus distri-
buted them among the decani,® as they are represented
in the zodiacal circle of Bianchini (probably of the third
century after Christ), cxamined by myself elsewhere,® and
as they are met with in the Egyptian monuments of the
time of the Cwsars, does not belong to the ancient astronomy,
but to the subsequent epochs, in which astrological chimeras
had become universally diffused.” 'We must not be surprised

3 Tlato, in the ZTénaus, p. 38, Steph. Davis’s translation,
ed.-Bohn, p. 342.

¢ Backh, de Platonico systemate calestium globorum et de
vera tndole astronomie Plilolaice, p. xvii., and the same in
Philolaus, 1819, p. 99.

$ Jul. Firmicus Matcrnus, Aséron., libri viii. (ed. Pruckner,
Basil, 1551), lib. ii. cap. <, of the time of Constantine the
Great.

¢ Humboldt, Monumens des peuples indigénes de I' Amérique,
vol. ii. pp. 42-49. I have already directed attention in 1812
to the analogy betwcen the zodiac of Bianchini and that of
Dendera. Compare Letronne, Observations critiques sur les

ésentations zodiacales, p. 97; and Lepsius, Ohkronologie

der Egypter, 1849, p. 80.

T Letronne, Sur !'Origine du Zodiaque grec, p. 29. Lep-
sius, Chronol. der Zgypt., p. 83. Letronne opposes the old
Chaldean origin of the planetary week .on account of ‘tie -
number seven. . «
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tha: the Moon was included in the series of the seven planets,
since, with the exception of a memorable theory of attrac-
tion put forwagd by Anaxagoras (Cosmos, vol. ii. p. 690,
and note 27), iff more intimate connexion with the Earth
was scarcely evqf suspected by the ancients.  On the contrary.
according to anYopinion respécting the systemn of the world
‘which Vitraviusg and Martianus Capella® quote, without stat=

, ¥ Vitruv. de Archit. ix. 4 (ed. Rode, 1809, p. 209), Nei-
ther Vitruvius nor Martianus Capella mention the Egyptians
as the originators of a system, according to which Mercury
and Venus are considered as satellites of the planetary sun.
The former says, *“Mecrcurii autem et Veneris stello circum
Solis radios, solem ipsum, uti centrum, itincribus coronantes,
regressus retrorsum ct rctardationes faciunt.” ¢ But Mer-
cury and Venus, which encirele in their orbits the Sun itself
as a centre, retrogress and proceed slowly round its rays.”

* Martianus Mineus Felix Capella, De Nuptiis Philos. et
Merewrii, lib. viii. (ed. Grotii, 1599, p. 289): «For though
Venus and Mercury appear to rise and set daily, yet their
orbits do not, however, go round the Earth, but revolve round
the Sun in a wider orbit. In fact, the centre of their orbits
is in the Sun, so that they are sometimes aboveit . . . .7
“Nam Venus Mercuriusque licet ortus oceasusque quoti-
dianos ostendant, tamen corum circuli Terras omnino non
-ambiunt, sed circa Solem laxiore ambitu eirculantur. De-
nique circulorum suorum centrum in Sole constituunt, ita ut
su&mi um aliquando . . .” Asthis place is written over,
“Quod Tellus norn sit centrum omnibus planetis,” “Because
the Earth is not the centre of all the planets,” it may cer-
tainly, as Gassendi asserts, have had an influence upon the
first views of Copernicus, more than the passages attributed
to the great geometer, Apollonius of Perga. However,
Copernicus only says, “ Minime contemnendum arbitrer,
quod Martianus Capella scripsit, cxistimans quod Venus
et Mercurius circumerrant Solem in medio cxistentem.”
21 by no means think hat we should despise what Mar.
tizrve Capella has written, who supposes that Venng and

12 '
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ing its originator, Mercury and Venus, which we call planets,
are represented as satellites of the Sun, which itself revolves
round the Earth. There is as little foundasionefor considering
such a system as this to be Egyptian,” as tgere is for con,

Mercury revolve round the Sun, which is fixegin the centre.”
Compare Cosmos, vol. ii. p. 693, and note

¥ Henry Martin, in his Commentary to the Timaeus
(Etudes sur le Timée de Platon, tom. ii. pp. 129-133), appears
to me to have explained very happily the passage in Macro-
bius respecting the ratio Chaldeorum, which led the praise-
“worthy Idcler into error (in Wolff's and Buttmann’'s Museum
der Alterthums-Wissenschaft, bd. ii. s. 448, and in his Treatise
upon Ludoxus, p. 48). Macrobius (in Somn. Scipionss, lib. 1.
cap. 19, lib. ii, cap. 3, ed. 1634, pp. 64 and 90,) says nothing
of the system mentioned by Vitruvins and Martianus Capella,
according to which Mercury and Venus are satellites of the
Sun, which, however, itself revolves with the other planets
round the Farth, which is fixed in the centre. He enumerates
only the differences in the succession of the orbits of the
8un, Venus, Mcrcury, and the Moon, according to the views of
Cicero.  He says, * Ciceroni, Archimedes et Chaldeorum
ratio consentit; Plato Zigyptios sccutus est.” “ Archimedes
and the system of the Chaldwcans agree ; Plato followed that
of the Egyptiuns.” When Cicero exclaims in the éloquent
description of the whole planetary system (Somn. Scip., .
cap. 4; Edmonds’ translation, ed. Bohn, p. 294): *“Hune
(Solem) ut comites conscquuntur Vencris alter, alter Mer-
eurii ‘cursus;” ** The motions of Venus and Mercury follow
it (the Sun) as companions,” he rcfers only to the prox-
imity of the Sun’s orbit and those of the two inferior planets,
after he had previously enumerated the three cursus of
Saturn, Jupiter, and Mars: all revolving round the im-
movable earth. The orbit of a secondary planet cannot
surround that of a principal planet, and yet Macrobius says
distinctly: * Zgyptiorum ratio talis est: circulus, per quem
8ol discurrit, a Mercuii circulo ut *inferior ambitur, illum
quoque supcrior circulus Veneris includit.”” ¢ The following
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founding it with the Ptolemaic epicycles, or the system of
Tycho.

The names by gwhich the star.like planets of the ancients
were representfd, are of two kinds: names of deities, and
significantly defcriptive names derived from physical charac-
ters. Which bart of them originally belonged to the Chal-
deans, and which to the Egyptians, is so much the more
difficult to detérmine from the sources which have hitherto
been made use of, as the Greck writers present us, not with
the original names employed by other nations, but only
{ramslations of these into Greek equivalents, which were more
or less modified by the individuality of those writers’ opinions.
What knowledge the Egyptians possessed anterior to the
Chaldeans, whether these latter are to be considered merely as
gifted disciples of the former," is a question which impinges
upon the important, but obscure problem of primitive civili-
zation of the human race, and the commencement of the
development of scientific ideas upon the Nile or the Eu-
phrates. The Egyptian namcs of the 36 Decans are known;
but the Egyptian names of the planets, with the exception
of onc or two, have not been transmitted 'to us.®

It is remarkable that Plato and Aristotle employed only
the namgs of deities for the plancts which Diodorus also

is the system of the Egyptians: the circle in which thé Sun
moves 18 encompassed by the circle of Mercury, which in its
turn is encircled by the larger one of Venus.” The orbits are
are all permanently parallel to each othcr mutuglly sur-
rounding. ) '
U Lepsius, Chronologie der ZEgypter, th. i. p. 207. .
' 3 The name of the planct Mars, mutilated by Vettius
Valens and Cedrenus, must, in all probability, correspond to
the name Her-tosch, as Seb does to Saturn. (Lepsius,
Chronol. der Zigypt. pp. 90 and 93.) - .
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mentions; while at a later period, for example, in the book
-De Mundo, erroncously attributed to Aristotle, a combination |,
" of both kinds of names are met with,: sase of deities, and
the descriptive (expressive) names: @adww for Saturn,
a7{\Buw for Mereury, mupdews for Mars® Al hough the name

B The most striking differences are met with on comparing
Aristot. Metaph. xii. cap. 8,p. 1073, ed. Bekker with Pseudo-
Aristot. De Mlundo, cap. 2. p. 392. The planct names Phae-
thon, Pyrois, Hercules, Stilbon, and Juno, appear in the
latter work: which points to the times of Apuleius and the
Antonincs, in which Chaldcan astrology was already diffused
over the whole Roman cmpire, and the terms of different
nations mixed with cach other.” (Compare Cosmos, vol. ii.
p- 381, and note.) Diodorus Siculus says positively that.
the Chaldcans first named the planets after their Baby-
Tonian deities, and that these names were thus transferred to
the Greeks. Ideler (Eudozus, p. 48), on the contrary, as.
cribes these names to the Egyptians, and grounds his argu-
ment upon the old existence on the Nile of a scven-day
planetary week (Handbuck der Chronologie, bd. i. p. 180):
an hypothesis which Lepsius has completely disproved
(Chronologie der Aig. th. i. p.181). I will here collate from
Eratosthencs, from the editor of Zpénomis (Philippus Opun-
tius?). from Geminius, Pliny, Theon of Smyrna, Cleomedes,
Achilles Tatius, Julius Firmicus, and Simplicius, the gynonyms
of the five oldest planets, as they have been wransmitted to
us chiefly through predilection for astrology:

- Saturn: galvwr, Nemesis, also called a sun by five' authors
(Theon. Smyrna, p. 87 and 105, Martin);

Jupiter: ¢acOwv, Osiris;

Mars: svpoes, Hercules;

Venud: éwopopos, @uwogpopos, Lucifer; €omenos, Vesper;

Juno, Isis;

Mercury: orABwy, Apollo.

Achilles Tatius (/sag. tn Phaen, Arati, cap. 17.) considers it
- gtrange *that the Egyptians, as well as the Greeks, should eall
the least luminous of the planets, the shiniug” (perhaps only
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“of sun was sh's;ngely enough applied to Saturn, the outermost
of the then known plancts, as is proved by several passages
in the Cqmmawgof‘EMcius (p. 122), to the ‘eighth

because it brollght prosperity). According to Diodorus, the
name rcfers to ‘the opinion ¢ that Saturn was that planet
which principdlly and most clearly foretold the future.”—
Letronne, Sur U Origine du Zodiagque gree, p. 83, and in the
Journal des Savants, 1836, p. 17; compare also Carteron,
Analyse de Recherches Zodiacales, p. 97. Names which are
transmitted as equivalents from one people to another, cer-
tainly depend in many cases, in addition to their origin,
upon accidental circumstances, which cannot be investi-
gated; however, it is necessary to remark here, that etymo-
logically. gaiveer expresses a mere shining, a fainter evolu-
tion of light which is continuous or constant in intensity,
while awAfew refers to an intermittent scintillating light of
greater brilliancy. The deseriptive names: gaivwr for the
remote Saturn, e7/ABuwy for the nearer planet Mercury. appear
the more appropriate, as I have before pointed out (Cosmos,
vol. iii. p. 95), from the circumstance that as seen by day in
the great refractor of Frauenhofer, Saturn and Jupiter appear
feebly luminous in comparison with the scintillating Mercury.
There is, therefore, as Professar Franz remarks, a succession
of increasing brilliancy indicated from Saturn (padvwr) to
Jupiter, from Jupiter (¢hacGwr) to the coloured glowing Mars
(mupoers), to Venus (¢uwagiopos), and to Mereury (o7/A Bwy).

y acquaintance with the Indian name of Saturn (‘sanaist-
schara) the slowly wandering, induced me to ask my cele-
brated friend Bopp, whether, upon the whole, a distinction
between names of deitics and descriptive names, was also to
be made in the Indian planctary names, as in those of the
Greeks, and probably the Chuoldeans. I here insert the
opinion, for which I am indebted to this great philologist,
arranging the planets, however, according to their actual
distances from the Sun, as the above table (commencing with
the greatest distance), not as ‘they stand in 4marakos
Colebrooke, pp. 17 and 18). There are, in fact, among the
five it names, three descriptive ones: Saturn, Mars,
and Venus., : : - '
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book of the De Cizlo of Aristotle, in Hygin, Diodorus, and

“Theon of Smyrna ; it certainly was only its position, and the

length of its orbit, which raised it shove the other planets.
- - N

< Saturn: ’sannistscha.mﬁ'rom ‘sanais, sl uv, and tschara,
going; also ’sauri, a nameof Vishnu (derived s a patronymic
from ’stira, Grandfather of Kri,) and ’sani. The planet name
'sani-vérafor ¢ dies Saturni, is radically relatéd to the adverb
’sanais, slow. The names of the week-days derived from
planets appears, however, not to have been known to Amara- #
sinha, They are, indeed, of later introduction.

¢ Jupiter: Vrihaspati; or, according to an older Vedic
mode of writing which Lassen follows, Brihaspati: the Lord
of increase, a Vedic deity: from vrih (brih), to grow, and

ti, lord. .

P Mars: angaraka (from angara, burning coal); also
lohitinga, the red body: from lohita, red; and anga, body.

*Venus: a male planet, which is called sukra, 1. e. the
brilliant. Amnother name of this planet is daitya-guru:
‘Teacher, guru, the Titans, Daityas.

# Mereury: Budha, not to be confounded as a planct name
with Buddha, the founder of the religious sect; also Rau-
hinéya, the son of the nymph Rohini, wife of the Moon
(soma), on which account the planet is sometimes called
saumyn, a patronymic of the Sungerit word mond. The
etymological root of budha, the planct name, and buddha, the
pame of the saint, is budh, to know. It seems to me impro-
bable that Wuotan (Wotan, Odin) are connected with Budha.
This conjecture is founded, indeed, principally upon the
external similarity of form, and upon the correspondence of
the name of the day of the week, ‘dies Mereurii,” with the old

- Saxon Wédanes-dag, and the Indian Budha-véra, s. e. Budha's
day. The primitive signification of véra is repetition, for
example, in bahuvérin, many times, often; it subsequently
occurs at the end of a compound word with the signification
day Jacob Grimm derives the German Wuotan from the
verb watan, vuot (the German waten), which signifies: meare,
transmeare, cum impetu ferri, and orthographically corre-
sponds to the Latin vadere. (Deutsche Mythologie, p. 120.)

uotan, Odinn is, according to Jacob Grimm, the ul‘I’-powex'_-_'
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il‘he descriptive names, however old and Chaldean they may
be, were not very frequently employed by the Greek and
Roman writers angi of the Ceesars. Their diffusion
ig connected witf the influence 8 astrology. The planetary
signs are, wi e disc of the Sun and the
Moon’s crescent upen Egyptian monuments, of very recent
origin ; accordipg to hetronne’s researches they would not

ful, all-penetrating being: * qui omnia permecat,’ as Lucan
says of Jupiter.” Compare, with reference to the Indian names
of the days of the week, Budha and Buddha, and the week-
days in general, the observations of my brother, in his work,
Ueber die Verbindungen zwischen Java und Indien (Kawi
sprache, bd. i. pp. 187-190).

W Compare Letronne, Sur I'Amulette de Jules César et les
Signes Planétaires, in the Revue Archéologique Aunée III.,
1846, p. 261. Salmasius considered the oldest planetary
sign for Jupiter to be the initial letter of Zevs, that of Mars
a contraction of the cognomen Oorpios. The sun-disc was
rendered almost unrecognizable by an oblique and trian-

bundle of rays issuing from it. As the Earth was

not included among the planets in any of the ancient sys-
tems, except, perhaps, the Philo-Pythagorean, Letronne
considers the planetary sign of the Earth “ to have come
into use after the time of Copernicus.” The remarkable pas-
sage in Olympiodorus, on the consecration of the metals
to individual planets, is taken from Proclus, and was traced
\by Boekh (it is in p. 14 of the Basil edition, and at p. 30 of
%hneider’s edition). Compare for Olympiodorus, Aristot.
eteor. ed. Ideler, tom. ii. p. 163. The scholium to Pindar,
(Jathm.) in which the mctals are compared with the planets,
also belongs to the new Platonic school; Lobeck (Aglaopha-
mus in Orph. tom. ii. p. 936). In accordance with the same
.connexion of ideas, planctary signs by-and-bye became signs
of the metals; indeed, some (s Mercurius, for quicksilver,
the argentum vivum and hydrargyrus of Pliny) became
names of metals. In the valuable collection of Greek manu-
scripts of the Paris Library are two manuscripts on the cabal-
istic, or so-called sacred art, of which one (No. 2250) men.

. .
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date further back than the tenth century. Even upon stones
with Gnostic inscriptions they are not met with. Subsequent .

transcribers have, howevep~added T o Gnostic and
- vl < .

tions the metals consecm{ed to the plancts {,’ithout planetary
signs; the other, however, (No. 2329) whith, according to
the writing, is of the fifteenth century, (a kind of chemical
dictionary.) combines the numes of the metals with a small
number of planctary signs. (IlGler, Histoire de la Ghimie,
tom. i. p. 250.) In the Paris manuseript, No. 2250, quick-
silver is attributed to Mercury, and silver to the Moon, while,
on the contrary, in No. 2329, quicksilver belongs to the Moon,
and tin to Jupiter. Olympiodorus has ascribed the latter
metal to Mercury.  Thus indefinite were the mystic relations
of the cosmical bodies to the metallic powers.

This is also the appropriate place to mention the planetary
hours and the planctary days in the small seven.day period
(the week), concerning the antiquity and diffusion of which
among remote nations more correct views have only recently
been established.  The Egyptians had originally no short
periods of scven days, but periods of ten days, similar to the
week, s has been proved by Lepsius (Chronologie der Fyg.
p- 182), and as isalso testified by monuments which date back
to the most remote times of the crection of the large pyramids.
Three such decaded formed one of the twelve months of the
solar year. On rcading the passage in Dio Cassius (lib.
xxxvil. cap. 18):—" That the custom of naming the days
after the seven planets was first adopted by the Egyptians,
und had, in no very long time, been communicated by them
to all other nations, cspecially the Romans, with whom it
was then already quite familiarized,” it must not be for.
gotter: that this writer lived in the later period of Alexander
Severus, and that since the first irruption of the Oricntal astro-
logy under the Cemsars, and in consequence of the early and
extensive commerce of so many races of people in Alexandria,
it was the fashion among western nations to call everything
Efgptian which appeared ancient. The seven-day week was

oubtedly the earliest and most diffused among the Semitic
nations; not only among the Hebrews, but even among the
nomadic Arabisus long before the time of Mohammed.
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"slchemistic manuscripts; scarcely, in any case, to the oldest
manuscripts of Greek astronomers; of Ptolemy, -of Theon,
or of Cleomedeefm{m:etary signs, some of which

I have submit{cd to a learned Nstigator of Scmitic anti-
uities, the Oriental traveller Profestor Tischendorf, at Leip-
sic, the questign, whether, besides the Sabbath, there occur
in the Old Testament any names for the individual days of
the week (other than the second and the third of the schebua)?
‘Whether no planetary name for any one day of the seven-day
eriod occurrcd anywhere in the New Testament at a period
in which it was ccrtain that the foreign inhabitants of Pales-
tine already pursued planctary astrology? The answer was,
“There is an entire absence, not only in the Old and New
Testaments, but also in the Mischna and Talmud, of any traces
of names of weck-days, tuken from the plancts. Neither is the
expression, the second or third day of the sekebua employed. and
time is generally reckoned by the days of the month ; the day
before the Sabbath is also called the sixth day, without any
further addition. The word Sabbath was also transferred to
the week throughout, (ldcler, Zlandbuch der Chronol. bd. i.
P. 780) ; consequently, the first, sccond, and third day of the
Sabbath stand for the days of the week in the Talmud as well.
The word éBdopds for schebua, is not in the New Testament.
The Talmud, which certainly extends from the second to the
third century, has descriptive Hebrew names for a few planets,
for the brilhant Venus and the red-colourcd Mars. Among
these the name of Sabbatai (literally Sabbath-star,) for
Baturn, is especially remarkable; as among the Pharisaic
names of the stars which Epiphanius enumcrates, the name
Hochab Sabbath is employcd for Saturn.” Has not this had
an influence upon the conversion of Sabbath day into Saturn
day, the * Safurni sacra dies” of Tibullus (Eleg. i. 3, 18)?
Another passage in Tacitus extends the range of these rela-
tions to Satura as a planct, and as a traditional historical per-
sonage. (Compare also Fiirst, Kultur- und Litteraturgeschichie
der Juden in Asien, 1849, p. 40). L
. The different luminous forms of the Moon certainly attracted
the observation of hunters and herdsmen earlier than astro-



411 : . ©cosMOS. °

(Jupiter and Mars) or‘iginated, as Salmasius has shown;
with his ordinary acuteness, from letters, were very different:
from ours; the present for%ueh'éisﬁmr\aely beyond the

% -

logical phantasms. It,élay, therefore, b)' assumed, with
Ideler, that the weck has originated from the length of the
synodic months, the sfourth part of which amounts, on the
average, to 73 days; that, on the contrary, refercnces to the
planctary series, (the sequence of their distances from each
other,) together with the planetary hours and days, belongs
to an entirely different period of advanced and speculative
culture.

-With reference to the naming of the individual weck-days
after planets, and the arrangement and succession of the
planets— :

Saturn, Venus,
Jupiter, Mercury, and
Mars, Moon,

Sun,

situated according to the most ancient and widely diffused
belief (Geminus, Elem. Astr. p. 4; Cicero, Somn. Scip.
cap. 4; Firmicus, ii. 4; Edmond's translation, ed. Bohn,
PP. 294-298,) between the sphere of fixed stars and the
immovable earth as a central body, there have been three
views put forward; one derived from musical intervals;
another from the astrological names of the planetary hours;
a third from the distribution of each three decans, or three
planets, which are the rulers (domint) of these decansamong the
twelve signs of the zodine. The first two hypotheses are met
with in the remarkable passage of Dio Cassius, in which he
endeavours to explain (lib. xxxvii. cap. 17.) why the Jews,
accarding to their laws; celebrated the day of Saturn (our Satur:
day). “If,” says he, ‘‘ the musical interval which is called 3id
vesadpwy, the fourth, is applied to the seven plagets aceordilif
to their times of revolution, and Saturn, the outermost of all;
taken as the starting-point; the next, which occurs in the
fourth (the Sun), then the seventh (the Moon); and in this
way the planets are encountered in the same order of succes+
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fifteenth century. The symbolizing habit of consecrating

oértain metals to the planets belongs, undoubtedly, to the new

’ Platonic doctrings gEs#t&Mengpdrian school in the fifth cen-
J A,

s 7 ’

sion in which th%ir names have bé
days.” A comricntary upon this pMgage is given by Vin.
cent, Sur les Manuscrits grecs relativeyd la Musique, 18417,.
p- 188; compare®also Lobeck, Aglaophatus, in Orph. p.941~
946). The sccond cxplanation of Dio Cassius is borrowed
from the periodical scries of the planctary hours. “If,” he
adds, “the hours of the day and the night are counted from
the first (hour of the day), and this aseribed to Saturn, the
‘following to Jupiter, the third to Mars, the fourth to the Sun,
the fifth to Venus, the sixth to Mercury, the seventh to the
Moon, always recommencing from the beginning; it will be
found, if all the twenty-four hours are gonc through, that
the first hour of the following day coincides with the Sun, the

t of the third with the Moon; in sh&rt, the first hour of

ny onc day coincides with the planct after which the day is
mnamed.” In the same way, Paulus Alexandrinus, an astro-
nomical mathematician of the fourth century, calls the
ruler of each week-duy that planet whose name agrees with
the first hour of the particular day.

These modes of explaining the names of week-days have
hitherto been very gencrally considered as the more correet:
but Letronne entertaius a third explanation,—the distribution
of any three plancts over a sign of the zodiac,~which he
considers to be the most adequate, upon the evidence of the
long-neglected zodiacal circle of Bianchini, preserved in the
Louvre, to which I myself directed the attention of archaeo-
logists in 1812, on account of the remarkable combination
of a Greek and Kirgisch-Tartar zodiac. (Letronne, Obscrv.
orit. et archéol. sur [objet des représentations zodiacales, 1824,
gg. 97-99). This distribution of plancts among the 36 decans

the Dodecatomeria is precisely that which Julius Firmicus
‘Maternus (lu 4,) describes as * signorum decani eorumque
domini.,” If those planets are separated, which in each of
the signs are the first of the threc, the succession of the

. planetary deys in the week is obtained. (Virgo: Sun, Venus,

applied to the week-
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tury, as is ascertained from passages in Proclus (ad Tem,
ed. Basil, p, 14,) from Olympiodorus, as* well as by a
late scholium to Pindar, (Isthm‘;&-’-}% (Compare Olym-

Mercury; Libra: Moon, S« turn, Jupiter; ScoX)io: Mars, Sun,
Venus; Sagittarius: Mg tury..... which mky here serve as
an example for the fipst four days of the weck : Dies Solis,
Lune, Martis, Mercuiji). As, according to Biodorus, among
the Chaldeans, the number of the planets (star-like) originall
amounted only to five, and not seven, all the here-mention
combinations in which more than five planets form periodieal-
series, appcar to be not of old Chaldean origin, but much
rather to date from a subsequent astrological period. (Le-
. tronne, Sur lorigine du Zodiaque grec, 1840, p. 29.)

" ‘With respect to the concordance of the arrangement of the
planets as days of the week with their arrangement and dis-
tribution among the dccans in the zodiacal circle of Bian-
chini, a brief explanagion will, perhaps, be acceptable to some
readers. If a letter is assigned to each cosmical body, in the
order of succession adopted in antiquity (Saturn @, Jupiter ,
Mars ¢, Sun d, Venus e, Mercury f. Moon g,) and with these
seven members the following periodical series are formed :—

abedefg,abed....

there is obtained, 1st. by passing over two members of the
distributiop among the decans, each of which comprises three
plancts (the zodiacal sign of the first one giving, in.each
case, its name to the weck-day), the new periodical series
adyefbeadge....

tl.mt is:—Dies Saturni, Solis, Lune, Marlis, and so on;
2ndly. the same new series,— :

adge....

obtained by the method of'Dio Cassius, according to which
the successive week-days take their names from the 3
which rules the first hour of the day: so that alternatelya
member of the periodical seven-membered planet-series is to.
be taken, and twenty-three members to be passed over..
Now, it is immaterial in the cesm ~# a periodigal series,,

;

t
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piod. Comment. sn Aristot. Meteorol. cap. 7, 8' in Ideler's
edition of the Metereol. tom, ii. p. 163 ; also tom. i. pp. 199
and 251.) ST
whether it is a certain number ofymembers which is passed
over, or whether it is this numubergnercased by any mul-
tiple of the number of members (in Nyis case seven) of the
period. By pidsing over twenty-thrle (=3.7+42) mem-
bers, according to the sccond method, %hat of the planetary
hours, the same result is obtained as when the first method,
that of the decans is adopted, in which only two members
arc to be . passed over. '
Attention has already been directed (Note 13) to the
remarkable resemblance between the fourth day of the week,
dies Mercurii, of the Indian Budha-véra, and the old Saxon
Wodines-dag. (Jacob Grimm, Deutsche Mythologie, 1844,
Bd. i. p. 844.) The identity afirmed by William Jones to
exist between the founder of the Buddbhist religion and the
race of Odin or Wuotan, and Wotan, famous in Northern
heroic tales, as well as in the history of Northern civilization,
will, perhaps, gain more interest when it is called to mind
that the name of Wotan is met with in a part of the new
continent, as belonging to a half-mythical, half-historical per-
sonage, concerning whom I have collected a great number of
notes in my work on the monuments and myths of the natives of
America ( Vues des Cordilléres et Monwmens des peuples indigénes
U Amérique, tom. i. pp. 208, and 382-384; tom. ii. p. 356).
is Amecrican Wotan is, according to the traditions of the
matives of Chiapa and Soconusco, the grandson of the man
who saved his life in a boat during the great deluge, and
renewed the human race ; he commenced the ercetion of large
buildings, during which time ensued a confusion of languages,
war, and dispersion of races, as in the erection of the Mexican -
pyramids of Cholula. His name was also transferred to the
calendar of the natives of Chiapa, as was the name of Odin
in the north of Germany. One of the five-day periods—four
of which formed the month of the people of Chiapa and the
Aztecs—was named after him. While the names and signs of
the days among the Aztecs were taken from animals and plants,
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Although the number of the visible plapcts amounted,
according to the carliest limitation, to five, and subsequently,
by the addition of the lnyg. '.nsci‘bi"u.k\Sun and Moon,

the natives of Chiapa (py/perly Teochiapan,) assigned to the
days of the month the n¢anes of twenty chieftains who, comiug
from the north, had gt them so far southwargs. The names
of the four most heroi¢, Wotan or Wodan, Lambat, Been, and
Chinax, commenced the small periods of five-day weeks, as
did the symbols of the four clements among the Aztecs.
‘Wotan and the other chieftains indisputably belonged to the
race of the Tolteks, who invaded the country in the seventh
century. Ixtlilxochitl (his Christian name was Fernando de
Alva) the first historian of his people, (the Aztees,) says dis-
tinetly, in the manuseripts which he completed as early as the.
beginning of the sixteenth century, that the province of
Teochiapan and the whole of Guatemala were peopled by
Tolteks, from one const to the other ; indeed, in the beginning
of the conquest of the Spaniurds, a family was still living in
the village Teopixea, who boasted of being descended from
Wotan. The bishop of Chiapa, Francisco Nuiicz de la Vega,
who presided over a provincial council in Guatemala, has in
his Preambulo de las Constituciones Diocesanas, collected a
nt deal of information respecting the American tradition
of Wotan. It is also still very undecided whether the tra-
dition of the first Scandinavian Odin (Odinn, Othinus) or
‘Wuotan, who is said to have emigrated from the banks of the
Don, has an historical foundation. (Jacob Grimm, Deutsche
Mythol. < p. 120-150). The identity of the Ame-
i yian Wotan, certainly not founded on mere
d, is still quite as doubtful as the identity
~"Sand Buddha, or that of the names of the
-Jreligion and the planet Budha.
he existence of a scven-day I’eruvian week,
which is so often brought forward as a Scmitic resemblance in*
tae division of time in both continents, is founded upon a mere’
error, as has been already proved by Father Acosta, (Hist.
naturaly moral delas Indias, 1591, lib. vi. cap. 3,) who visited
Peru soon after the Spanish conquest; and the Inca, Gar--
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imoreased to seven; conjectures were prevalent, even in zifti.
guity, that beyond thesc visible planets, there were yet other
less luminous, tunse¥i piaf¥ts  This opinion is stated by
Simplicius, to be Aristotclean* “It is probable that
such dark cosmical bodics which régolve round the common
centre, sometimes give risc to eclipse®pf the moon as well as'
the earth.” Astemidorus of presui whom Strabo often
mentions as a geographer, believed i the cxistence of an
unlimited number of such dark revolving cosmical bodies.
The old ideén. vody, the anti-earth (dwrixOwy) of the Pytha-
goreans, docs not belong to this class of conjectures. The
earth and the anti-carth have a parallel concentric motion;
and the anti-earth was conceived in order to avoid the assump-
tion of the rotatory motion of the carth moving in a plane-
tary manner round the centrul fire in twenty-four hours, can
scarcely be anything else than the oppositc hemisphere—the
antipodean portion of our planct.’® .
‘When from the 43 principal and sccondary planets now
known (a number six times greater than that of the planctary
bodics known to the ancicnts) the 36 objects which have been
discovered since the invention of the telescope are chronolo=’
gically separated according to the succession of their disco-
_very, thcre is obtaincd for the scventeenth century, nine;
for the eightecnth century, also nine; and for the half of the
njneteenth century, eighteen newly discovered planets.

cilaso de la Vega himself corrects his previous stateément

g:rte i lib. ii. ¢. 35,) by distinctly saying, there were three
tivals in each of the months, which were reckoned after

the moon, and that the people should work cight days and
rest upon the ninth (parte i. lib. vi. cap. 23). The so-called
Peruvian weeks, thercfore, consisted of nine days. (See my .
Pues des Cordilléres, tom. i. p. 341~343).

'3 Béckh, iibez Philolaus, p. 102 and 117.

¥OL. IV, X
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Sequence of the phmetary discoveries (of principal and cmn-
dary planels) since the i the, telescope in ths’

Four satellites of Juf'ter: Simon Marius, at Ans;l)ach, Decem-
ber 29, 1609; Glilco, January 7, 1610, at Padua.

Triple configuration of SaTunN: Galileo, November, 1610;
Hevelius, hypothesis of two lateral bars, 1656; Iluygens,
final discovery of the true form of the ring, December 7,
1657.

The sixth satellite of Saturn (Titan): IIuy cns, March 25,
1655.

The cighth satcllite of Saturn (the outermost, Japetus):
Domin. Cassini, October, 1671.

*The fifth satcllite of Saturn (Khea): Cassini, I)ecember 23,
1672.

The third and fourth satcliites of Saturn (Tethys and onne)

Cassini, cnd of March, 1684.

B. Tke Eightcenth Century.

Uravvus: William Ilerschel, May 13, 1781, at Bath.
The second and fourth satellites of Uranus: ‘William Herschel,
January 11, 1787.
The first satcllite of Saturn (Mimas): Wlllmm Herschel
August 28, 1789.
The second satellite of Saturn (Enceladus): William Hemehel
g September 17, 1789.
The first satellite of Uranus: William Herschel, Ji anuary 18,
1790.
. The fifth satellite of Uranus: William Herschel, Februa:y 9.
1790, VN

8
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The sixth satellite of Uranus: William Herschel, February 28,
© 1794,
¥The third satclite of Urfifles William Herschel, March 26,
1794, o

r
C. The Nineteenth-entury.

Cerres¥: Piazzi, at Palermo, January §, 1801.
Parras*: Olbers, at Bremen, March 48, 1802.
Juno*: Ilarding, at Lilienthal, September 1, 1804.
VEsta*: Olbers, at Bremen, March 29, 1807.

(During 38 ycars no planctary discoveries were made).
AsTrEA¥: Tlencke, at Driesen, December 8, 1845.
Nirrune: Galle, at Berlin, September 23, 1846.

The first satcllite of Neptunc: W. Lassell, at Starficld, near

Liverpool, November, 1846; Bond, at Cambridge (U. 8.).

-HEeBr*: Hencke, at Driesen, July 1, 1847.

Irrs*: Hind, in London, August 13, 1847,

Frora®: Ilind, in London, October 18, 1847.

MeT1s*: Graham, at Markree-Castle, April 25, 1848.

The seventh satellite of Saturn (Ilyperion): Bond, at Cam.
bridge (U. 8.), Scptember 16-19; Lassell, at Liverpool,

_ September 19-20, 1848.

IIveera*: De Gasparis, at Naples, April 12, 1849,

ParrreNorE*: De Gasparis, at Naples, May 11, 1850.

The second satellite of Neptune: Lassell, at Liverpool, August

14, 1850. *

Vicrorra*: Hind, in London, Scptember 13, 1850.
Eceria*: De Gasparis, at Naples, November 2, 1850.
IRENE*: Ilind, in London, May 19, 1851; and De Gasparis,
: at Naples, May 23, 1851.
In this chronological summary,!® the principal planets are

¥ In the history of the discoveries. it is necessary to dis-
tinguish between the epoch at which the discovery was made,
. . E 2 . .
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distinguished from the sccondary planets, or satellites, by
larger type. Some bodies are in in the class of prin-
cipal planets, which form a iar and very extended group,
forming, as it were, a ring/ of 132 millions of geographical
miles, situated between Mars and Jupiter, and are generally
called small planets, ay“well as telescopic planets, co-planets,
asteroids, or planctofls. Of these, 4 wer® discovered in
-the first seven years of this century, and 10 during the last
six years; which latter circumstance is to be attributed less
to the perfection of the telescopes, than the industry and
dexterity of the investigators, and especiully the improved
charts, enlarged by additions of fixed stars of the ninth and
tenth magnitudes. It is now more easy to distinguish
between moving cosmical bodies and fixed. (Sce Cosmos, vol.
iii. p. 155.) -

The number ‘of the principal planets has been exactly
doubled since the first volume of Cosmos appeared, so
excessively rapid is the succession of discoveries, the exten-
sion and perfection of the topography of the planctary system. '

2. Classification of the planets in two groups.—If the region

and the time of its first anrouncement. In conscquence of
a neglect of this distinction, dissimilar and crroneous dates
have been introduced into astronomical manuals. So, for
example, Huygens discovered the sixth satellite of Saturn
(Titan) on March 25, 1655 ([Tuygenii Opera varia, 1724,
Pp. 523). and did not announce it until March 5, 1656 (Sys-
tema Salurnium, 1659. p. 2). IIuygens, who devoted himself
uninterruptedly from March, 1655, to the- study of Saturn,
had already obtained the full and indubitable view of the
open ring on December 17, 1657, (Systema Saturnium, p.’
21), but did not publish his scicntific explanation of all .
the phenomena until the year 1659. (Galileo had thought
t he saw, on each side of the planct, only two projecting
circular discs.) . .
3 3 Cogmos, vol. i. p. 76. Compare also Encke in Schss:
macher's Astron, Nachr., vol. xxvi. 1848, No.%22, p. M.
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of small planets situated in the solar system between the orbits
3f Mars and Jupiter, but on the whole nearer to the former,
considcred as a separating zone,~as it’ werce an inter-
ediate group;—then, as has already been remarked, those
lanets which are nearest to the sun, the interior (Mercury,
*Venus, the Earth, and Mars) preséwmt scveral rescmblances
"among each other, and contrasts wila the ezferior plancts
(Jupiter, Saturn, Uranus, and Neptuny), or thosc which are
more rcmote from the sun, beyond {MNs separating zome.
Of these three groups, the intermediatc one occupies a space
scarcely equal to half the distance of the orbit of Mars from
that of Jupiter. Of the space between the two great prinei-
pal planets, Mars and Jupiter, that part which is necarest to
Mars is, as.far as has hitherto been observed, the most closely
filled; for if, in the zone which the asteroids occupy, the two
outermost, Flora and Hygeia, are examined, it will be found'
thas Jupiter is more than three times further from Hygeia
than Flora is from Mars. The most distinctive features of
this intermediate group of plancts, are "the great inclination
and eccentricity of their interlacing orbits; and the extreme
smallness of the planets. The inclination of the orbits to-
wards the ecliptic increases in that of Juno to 13° ', in that
of Hebe even to 14° 47, of Egeria to 16° 33', of Pallas
even to 34° 37': while in the same intermediate group,
‘it falls. as low, in the orbit of Astrea, as 5° 19, in that
of Parthenope to 4° 37', and that of Hygeia to 3° 47. The
_whole of the orbits of the small planets having inclinations
smaller than 7°, are, to go from the large to the small, those
of Flora, Metis, Iris, Astrca, Parthcnope, and Hygcia.
- Nevertheless, none of these orbits attain such a small degree
Lof inclination as those of Venus, Saturn, Muars, Neptune,
Jupiter, and Uranus. The eccentricities partly exceed even
that of Mercury (0-206); for Juno, Pallas, Iris, and Victoria
bave 0-255, 0239, 0-232 and 0-218; while Ceres (0-076)
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Egeria (0-086), and Vesta, (0:089) have orbits less eccentrio
than Mars (0:093), without, however, attaining'to the approxi-
mative circular orbits of the other planets {(Jupiter, Saturn,
and Uranus). The diameter of the telescopic planets is immen-
surably small; and accordjng to observations made by Lamont
in Munich, and Midl with the Dorpat refractor, it-is
probable that the largdst of the small planets s at theutmost
only 580 geographicalfmiles in diameter; that is, } of that of
Mercury, 5 that o the earth.

If the 4 plancts nearest to the sun, situated between the
ring of the asteroids (the small planets) and the central body,
are called dnterior planets, they will all agree in presenting a
moderate size, a greater density less flattened at the poles,
and at the same time rotating slowly round their axes (in
periods of rotation of ncarly 24 hours), and with the excep--
tion of one (the carth) without moons. On the contrary,
the 4 extcrior plancts, those which are more remote from*the
sun, situated between the ring of asteroids, and the, to us,
unknown limits of the solar system (Jupiter, Saturn, Uranus,
and Neptune) are considerably larger, five times less dense,
their axial rotation more than twice as rapid, and their number
of moons greater in the proportion of 20 to 1. The interior
planets are all smaller than the carth (Mercury and Mars
¥ and % smaller in diameter); the exterior plancts, on the
contrary, are from 42 to 11'2 larger than the Earth, The
density of the Earth being taken as = 1, the densities ¢f
Venusand Mars are the same to within less than /;; thedensity .
of Mercury is also but very little more, according to Encke'’s
determination of his mass. On the contrary, none of the exterior
planets exceed in density 4; Saturn,indeed, is only }, almost
only half the density of the other cexterior planets and the sun.
‘The exterior planets present the solitury phenomenon of the

- whole solar system, the wonderful circumstance of one of its
‘grincipal plancts buing surrounded by an unattached ring;
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aleo atmospheres which, in consequence of tke peculiarity of
their condensation, appear to us variable; in Saturn, indeed,
sometimes as interrupted bands.
. Although in the important classification of the plantts into
Ltwo groups of interior and ezferior planets, the general cha-
racters of absolute magnitude, density, flattcning at the
poles, velocity ¢f rotation, absence of .moons, present them:
selves as dependent upon the distances"\\a'. e., from their semi
orbital axes, this dcpendence cannot g affirmed of each
one of these groups. Up to the present we are igno-
rant, as I have alrcady remarked, of any internal necessity,
any mechanical law of nature, which (like the beautiful law
which connects the square of the periods of revolution with
the cube of the major axes) rcprescnts the above-named
elements of the order of suceession of the individual planet-
ary bodies of cach group, in their dependence upon the
distances. - Although the planct which is nearest to the sun
{Mercury) is the densest, even six or cight times denser than
some of the exterior plancts, Jupiter, Saturn, Uranus, and
Neptune, the order of succession, in the case of Venus, the
Earth, and Mars, or Jupiter, Saturn, and Uranus, is very
irregular. The absolute magnitudes do gencrally, as Kepler
has already observed (Harmonice Mundi, vol. iv. p. 194;
"Cosmos, vol. i, pp. 77-82), increase with the distances; but
this does not hold good when the plancts are considered indi-
vidually. Mars is smaller than the Earth, Uranus smaller
than Saturn, Saturn smoller than Jupiter, and succeeds
immediately to a host of plancts, which, on account of their
emallness, are almost immeasurable. It is truc the period of
-rotation generally increases with the distance from the sun;
but it is, in the case of Mars, slower than in that of the Earth,
“slower in Saturn than in Jupiter.
7 The external world of forms, I again repeat it, can on]y bo-
represented in the enumcration of relations of space, as some-



426 " COSMOS.

thing actually existing in nature; and not as the subject of
intellectua! deductions of previously known causal relations,
No universal law for the cosmical regions is here traced, any

more than for terrestrial regions in the culminating points of
mountain-chains, or in the configuration of continents. These

are natural facts whicp have resulted from the conflict of
numerous attractive afid repulsive forces, upder conditions

which are unknown t§ us. We here cnter with eager and

unsatisfied curiositv-ttipon the obscure domain of #ncipient
formation. I¢ls”to these phenomena that the so-frequently

misused term of natural facts may be applied in its strictest

sense, cosmical processes which have taken place during spaces

of time of, to us, immecasurable extent. If the planets have

been formed from revolving rings of nebulous matter, it must,’
after having commenced to aggregate into globes, according

_to the preponderating influence of individual centres of attrac-

tion, have passed through an interminable series of conditions

in order to have formed sometimes simple, sometimes inter-

woven orbits, planets of such different magnitudes, flattening,

and density, with and without moons, and even in one case

to blend the satellites into a solid ring. The present form of
things, and the exact numerical determinations of their
relatlons, has not hitherto been able to lead us to a knowledge

of the past states, or a clcar insight into the conditions under

which they originated. These conditions must not, however,

on that account be called accidental, as men call everything

whose genetic organ they are not able to explain.

8. Absolute and apparent magnitude; Configuration.~The
diameter of the largest of all the planets (Jupiter) is 30 times -
as great as the diameter of the smallest of those which have
been determined with certainty (Mercury); nearly 11 times -

. @8 great as the diameter of the Earth. Very nearly the same-
;Yalation obtains between Jupiter and the Sun. Their dizme.
s are pca.rlyas 1 to 10. It has been asserted, perhape:i

W
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erroneously, that the difference in size of the metcoric stones
which there is a tendency to consider as small®planetary
;bodies, from Vesta, which, according to a measurement by
Midler, is 264 geographical miles in diameter, therefore 380
wijes less than the diameter of Pallas according to Lamant,
? /not greater than the difference between Vesta and the Sun.

./According to thgse relations, there must be meteoric stones
of 517 feet in diameter. Fire-balls ertainly have, while
they retain a disc-like appearance, a dmgy.ter amountmg to
2,600 feet. T —

The dependence of the flattening at the poles upon the
velocity of rotation, appears most strikingly in the compa-
rison of the Earth as a planet of the interior group (Rot.
23 56'., Flattening 515) with the exterior planet Jupiter
(Rot. 9" 55, Flattening, according to Arago, 4, according to
John Herschel %), and Saturn (Rot. 10" 29’, Flattening .)
But Mars, whose rotation is still 41 minutes slower than
‘the rotation of the Karth, has, even when a much smaller
result is assumed than that of William Herschel, very pro-
bably a much greater flattening. Does the reason of this
anomaly, inasmuch as the figure of the surface of an glliptical
spheroxd ought to correspond with the velocity of rotat:on.
consist in the difference of the law of the increasing denmty
towards the centre of the superincumbent strata? or in
the circumstance that the liquid surface of some- planets was
solidified before they could assume the figure appertaining to
their velocity of rotation? The important phcnomena of the
backward motion of the equinoctial points or the apparent
advance of the stars (precession), that of nutation (oscillation .
of the earth’s axis), and the variation of the inclination
of the ecliptic, depend, as theoretical astronomy proves,
upon the configuration.

The absolute magnitudes of the planets, and their distance.
fmm the earth, determine their apparent diameter. We
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have, therefore, to arrange the planets according to their
absolute (actual) magnitudes, proceedmo from the larger to
the smaller:
The small plancts with involved orb1ts, of which the
. largest appears to be Pallas and Vesta :—

Mercury, . Neptune,
Mars, - Uranus, .
Venus, J Saturn,
Earty, Jupiter.

The apparent cquatorial diameter of Jupiter, at a mean
distance from the earth. is 38"-4, while that of Venus, which
is nearly cqual in magnitude to the Earth, is only 16™9;
that of Mars 5"8. DBut the apparent diameter of the disc of
_Venus increases in the inferior conjunction to 62", while that of
Jupiter attains only an increcase to 46”. It is nceessary to
call to mind in this place that the point of the orbit of Venus
at which it appears to us with the brightest light, falls
betwcen the inferior conjunction and her greatest digression
from the sun, beeause in that position the small luminous
crescent gives the most intense light, on account of its greatest
proximfty to the Earth. Upon the average, Venus appears
th® most beautifully luminous, cven casting shadows in the
absence of the sun, when at a distance of 40° cast or west
from the sun; the apparent diameter then amounts to only 40”,
and the greatest width of the illuminated phase is scarcely 10,

Apparent Diameter of Seven Planets.
Mercury at a mcan distance 6”7 (oscillates from 4™4 to 12")

Venus ” 16"9 ( » 9”5 to 62")
Mars » » 5"8 ( » 3":3 to 23")
Jupiter  , . 884 ( " 30" to 46")
Saturn ” 171 ( » 15" to207)
Uranus ' ” 3"-9

Neptune , - 7
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The volumes of the planets in relation to the earth are—

. Mercury as 1 : 167
Venus » 1: 105
Earth . 1: 1
Mars v 1 7-14
Jupiter ,, 1414 1

¢ Satorn ,, 735 : -1
Uranus  ,, 82 : \..y\
Neptune ,, 108 : 1

while the volume of the Sun is to that of the Earth =
1407124 : 1. Small alterations in the mcusurements of the
diameters inerease the data of volumes in the ratio of their,
cubes.

The moving planets which agree:bly enliven the aspeet of
the heavens, influence us simultancously by the magnitudes
of their dises and their proximity, by the colour of their
light, by scintillation.—which is not entircly wanting to some
planets, in certain positions—and by the peculiarity with
which their difitrent surfaces reficet the Sun's light.  Whe-
ther a feeble evolution of light from the planets themselves
modifies the intensity and properties of thoir light, is a
problem which still remains to be solved. ’

4. drrangement of the Pianels and their Disltances from
the Sun.—In order to form a general conception of the
planctary system as a whole, so tr as it is yet known, and
to rcpresent it in its mean distances from the central body.
the Sun, the following table is given, in which, as has always
been the custom in astronomy, the mean distance of the

farth from the Sun (82728000 geographical miles) is taken as
unity. The greatest and smallest distances of the indivadual
planets from the Sun in aphclion and perihclion,—according
as the planet is situated in the ellipse whose focus is occupied
by the Sun, at that point of the major axis (line of apsid
which is the faPthest from cr nearest to the focus,—will

.

rv—— ?
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added afterwards when treating of the planets individually. By
the mean distance from the Sun, of which alone mention will
be made in this place, is to be understood ¢he mean of the
greatest and smallest distance, or the Aalf major axis of the
planet’s orbit. It must also be observed, that the numerical
data employed, both previously and hercafter, are for the
most part taken from IJausen’s carcful clagsification of the
planctary elcmenyn Schumacher’s Jahrbuch for 1837.
‘Where the data y#cr to time, they are, in the case of the
older anu Jirgér planets, for the year 1800; but in the case
of Neptune, for the year 1851, by the aid of the Berlin Asfro-
nomische Jahrbuch of 1853. The comparison of the small
.planets occurring afterwards, and for which I am indebtcd to
Dr. Galle, refers exclusively to more reeent epochs.

Distances of the Plancts from the Sun.

Mercury ... ... ... ... 0-38709

Venus ... ... ... .. 072333

Earth ... ... .. .. 100000

Mars cee een wee eee 1°52269

Small Pluncts.
Flora ... ... 2202
Victoria .. 2-385
VYesta ... ... 2362
Iris e .o 2:8385
Metis ... ... 2-386
Ilcbe ... ... 2425
Parthenope ... 2-448
Ircne ... ... 2553
Astrea ... ... 2577
Egeria ... ... 2579
Juno ... ... 2669
‘Ceres ... ... 2768
Pallas ... ... 1773
Hygeia... ... 3151
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Jupiter ... .. e ... 520277
Saturn ... .. .. .. 953885
Urdhus ... ... ... .. 19-18239
Neptune... w. .. ... 30:03628

The simple observation of rapidly diminishing periods of
revolution, from those of Saturn and Jupiter to Mars and
Venus, led, at a%ery carly time, under the assumption that
the planets were attached to movable 512‘3;1‘-05. to conjectures
as to the distances of these spheres from e T As
there arc no traces of methodically-instituted observations
and mcasurcments to be found among the Grecks before the
time of Arstarchus of Samos, and the establishment of the
Alexandrinian Museum, a great difference arose in the hypo-
theses as to the arrangement of the plancts and their relative
distauces:  whether according to the most prevailing system,
with reference to their distanees from the Euarth as the fised
centre @ o1 as mmwon the Pythagoreans, with reference to the
distunces froin the focus of the universe.  The prineipal
subjeet ¢ whieh the « was a diserepancey of opinion was the
posttion of the Mo, that is, its relative situation in reference
to the inferior plinets and the Moon?®  The Pythagoreans,
who considered swamber to be the source of all knowledge,
the real essence of all existing things, applied their theory
of numbers, the all-blending doctrine of numerieal relations,
to the geometrical coasideration of the five regular bodies,
to the musieal intervals of tone which determine accord, and
form ditferent kinds of sounds, and even to the system

———

¥ Bickh, de Platonico Syst. p. xxiv. and in Philolaos,
p. 100.  The succession of the plancts which, as we have
Just seen (Note 14), gave rise to the naming of the week-days
after the planetary deities, that of Geminus, is distinetly called
the oldest by Ptolemmus. (Almag. xi. cap. i.) He blames
the motives from which * the moderns ha»= placed Venus
and Mereury beyond the Sen.”
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of the universe itself, supposing that the moving, and, as 1t
were, vibrating planets, exciting sound-waves, must produce
a spheral music, according to the harmonic relations of their
intervals of space. * This musie,” they add, *“would be per
ceived by the human ecar if it was not rendered inscnsible by
extreme familiarity, as it is perpetual, and men are accus
tomed to it from childhood.””*® The harmonic part of the
Pythagorcan doctring of numbers thus became connected with
thn figurative repwisentation of the Cosmos precisely in the
Platonic "[Tmmus; for * cosmogony is to Plato the work
of the union of opposite first causes, brought about by har-
mony.” ® Ile attempted, morcover, to illustrate the tones
of the universe in an agreeable picture, by attributing to
each of the planctary spheres a syren, who, supported by the
stern daughters of Necessity, the three Fates, maintain the
cternal revolution of the world's axis.”® Such a represen-
tation of the Syvrens, in whose place the Muses are sometimes
substituted, as the choir of heaven, has been, in mary cascs,

¥ The Pythagoreans affirm, in order to justify the reality
of the tones produced by the revolution of the spheres, that
hearing takes place only where there is an alternation of
sound and silence. Aristot. de Celo, ii. 9. p. 290, No.
24-30, Bekker. The inaudibility of the spheral music is
also accounted for by its overpowering the scnses. Ticero,
de Rep. vi. 18. Aristotle himself calls the Pythagorean
tone-myth pleasing and ingenious, (kouy-ds xai wepirris,) but
untrue, (1. c. no. 12-15.)

% Béckh in Philolaus, p. 90.

3 Plato, de Republica, x, p.617. (Davis’ Translation. Bokn’s-
Class. Lib. p. 307.) He estimates the planetary distances ae-
ording'to two entirely different progressions, one by doubling,
the other by tripling, from whicg results the series, 1. 2. 3. 4.
8. 9. 27. It is the same'serics which is found in the Timeus,
where the subject of the arithmetical division of the world--spirit,
(p. 85,8teph.. Davis’ Trans. Bokw's Class. Ltb.) which Demiur-
gus propounds, is trcated of. Plato had, iideed, considered
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handed down to us in antique monumecnts, espeeially in
carved stoncs. Mention is constantly made of the harmony
of the spheres,®although generally reproachfully, throughout
the writings of Christian antiquity, and all those of the
middle ages, from Basil the Great to Thomas Aquinas and
Petrus Alliacus.®

- At the close qf the sixteenth century, all the Pythagorean
and Platonic views of the system of thg universe werc again
reanimated in the person of the imaginati’~ KCE'W
the first instance, constructed the planetary system in the
Mysterium Cosmographicum, in accordance with the prin-
ciple of the five regular solids, which may be imagined as
situated between the planctary spheres, then in the Zlarmonice
Mundi, according to the intervals of tone.® Convinced of
the regularity of the relative distances of the plancts, he

the two geometrical progressions, 1. 2. 4. 8 and 1. 3. 9. 27
together, and thus alternately taken cach successive number
from one of the two serics, whenee resulted the above-men-
tioned succession 1. 2.3.4.9...... Compare Bockh in the
Studien von Daub und Creuzer, bd. iii. pp. 34=43 ; Martin,
Etudes sur le 1imée. tom. i. p. 884, and tom. ii. p. 64.
Comparc also Prevost, Sur Uzdme d'aprés Plcton, in the
ém. de U Acad. de Berlin for 1802, pp. 90 and 97; the same
in the Bibliothique Dritannique, Sciences et Arés. tom. xxxvii,
1108, p. 153. :
B See the acute work of Professor Ferdinand Piper, Fon”
der Harmonie der Sphéren, 1850, pp. 12-18. The sup-
posed relation of the seven vowels of the old Egyptian lan-
guage to the seven plancts, and Gustav Secyffarth’s concep-
tion, already disproved by Zoega's and Tolken’s investigations,
of the astrological hymns. rich in vowecls, of the Egyptian
riests, according to passages of Pseudo-Demetrius Phalwreus
fperhaps Demetrius of Alexandria,) an epigram of Euscbius,
and a Gnostic manuseript in Leyden, have been minutely
treated of with critical erudition by the younger Ideler,
(Hermapion, 1841, pars i. pp. 198-214). Compare also
Lobeck, Aglaop}. tom. ii. p. 932.
" % On the ‘gradual development of the musical ideas of
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believed that he had solved the problem by a happy com-
bination of his earlier and later views. It is extremely .
remarkable that Tycho Brahe, who in other respects is found
to be so strictly attached to actual observation, had already
expressed the opinion (controverted by Rothman), that the re-
volving cosmical bodies were capable of vibrating the celestial
air (what we now call resisting medium,) o as to produce
tones.® DBut the agslogies betwcen the relations of tone and
Mﬂnngancts, which Kepler so long and labo-
riously endeatoured to trace out, remained, in his opinion, as -
it appears to me, entirely with the domain of abstract specu-
lation. He congratulated himself upon having, to the greater
glorification of the Creator, discovered musical relations of
number in the rclations of cosmical space; as if in poectic
enthusiasm, he makes *¢ Venus, together with the Earth, sound
sharp in aphclion and flat in periheclion; the highest tone
of Jupiter and that of Venus must coincide in flat accord.”
In spite of these merely symbolical expressions, so frequently
employed, Kepler says positively :—* Jam soni in ecclo nulli
cxistunt, nec tam turbulentus cst motus, ut ex attritu aure
calestis eliciatur stridor.* (Harmonice Mundi, lib. v, cap. 4.)
The thin and clear cclestial air (aura ccelestis) is also men.
tioned here again,

The comparative consideration of the planctary intervals
with the regular bodies which would fill. these intervals,
encouraged Kepler to extend his hypotlesis even'so far asthe
region of fixed stars.® The circumstance which on the occa-

Ke ler, vide Apelt's Commentary of the Harmonice Munds,
is work ; Johann Keppler's Weltansicht, 1849, p. 76-1 18.

(Compare also Delambre, Hist. de P Asironom. mod. tom, i.

Pp. 852-360.) .

% Cosmos, vol. ii. p. 697.

* Now there are no such things as sounds among the
Lhen.venly bodies, nor is their motion so turbulent, as to ellem
noise from the attrition of the celestial air.” v

® Tycho had denied the existence of the cr)stalhne
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sion of the discovery of Ccres, and the other so-called ‘small

planets, first foreibly rccalled to mind Kepler's Pythagorean

arguments, wasthis almost forgotten conjecture as to the pro-

bable existence of a yet unscen planet n the great planetless

. chasm between Mars and Jupiter. (*Motus semper distan-
tiam pone sequi videtur; atque ubi magnus hiatus erat inter
orbes, erat ct ingcr m_utus."”') I have become more daring,”
he says, in the introduction to the Mysterium Cosmographicum,

* «and place a new planct between Jupiter W
conjecture which was less fortunate, and remailfic Z unno-

ticed,™) another plunct between Venus and Mereury ; neither

- spheres, in which the planets were supposed to be fixed.
Kepler praised the undertaking, but he still adhered to the
opinion that the sphere of fixed sturs was a solid globular shell
of two German miles in thickness, upon which are the twelve
fixed stars, which are all situated at equal distances from us,
and have a peculiar relation to the corners of an icosahedron.

- The fixed stars “ lwmina sua ab nfus cmittunt;” *“ emit light
from their own bodies:” he also considered for a long time
that the plancts were self-luminous, until Galileo tanght him
better! Although he. like many other of the ancients and
Giordano Bruno, considered the fixed stars to be suns like
our own, still he was not much inclined to entertain the
opinion, which he had well considered, that all fixed stars are
surrounded by planets, as I had formerly stated him to be.
(Cosmos, vol. 1i, p. 711.) Compare Apelt. Commentary to the
Ilarmonice, pp. 21-24.

% «There scems to be always a close relation between the
motion and the distance [of the planets]: that is to say,
avhore there is a great interval between their orbs, the same
exists also between their motions.”

' % Jt was not until the ycar 1821 that Dclambre, in the
“Hist. de U Astron. Mod. tom. i. p. 314, directed attention to
the planets which Kepler conjectured to lie between Mereury
and Venus, in the extracts which are complete with regard
to astronomy, but not with regard to astrology, from Kepler's
collected works ug)p. 314-615). “On n'a fuit aucune attention
"4 oette supposition de Kepler, quand on a formé des projcts

* WOL. IV. L .
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of these have been seen. probably on account of their extreme
smallness.™  Kepler subsequently found that he did not
require these new planets for his solar system founded upon

de découvrir la plancte qui (sclon une autre de ces prédie-
tions) devait eirculer entre Mars et Jupiter.”  “ No attention
was paid to that supposition of Kepler's, when projects were
formed for discovering the planet which (aceqgding to another
of his predictions} ought to revolve between Mars and Jupiter.”
o7 The remarkable passage respeeting a space to be filled
up ucte Mo and Jupiter [hiatus] is in Kepler's Pro-
dromus Disscrialionum  cosmographicarum, continens Mys-
tertum.  cosmographicum.  de  admarabili  proportione  orbium
celestium, 1596, p. 7:— (‘um igitur hac non succedcret,
alia vin. mirum quam audaci, tentavi aditum.  Inter Jovem
et Martem interpoxui novum planctam, itemque alium inter
Venerem et Mercurium, quos duos forte ob exilitatem non
videmmus, iisque sua tempora periodica aseripsi.  Sic enim
existimubam me aliquam @qualitatem proportionum effee-
turum, quwe proportiones inter binos versus Solem ordine
minucrentur, versus fixas ausescerent: ut propior est Terra
Veneri quantitate orbis  terrestris, quam Mars Terre, in
quautitate orbis Martis.  Verum hoe pacto neque unius
plancte interpositio suflicichat ingenti hiatu. Jovem inter et
Martem : manchat enim major Jovis ad illum novum pro-
portio. quum est Saturni ad Jovem. Rursus alio modo
exploravi.”  * When this plan therefore failed, I tried to reach
my aim in arother way. of, I must confess, singular boldness.
Between Jupiter and Mars 1 interposed a new planet, ara
another also hetween Verus and Mereury, both which it 2.
possible are not visible on account of their minuteness, and I
assigned to them their respective periods.  For in this way
I thought that I might in some degree equalize their ratios,
which ratios regularly diminished towards the Sun, enlarged
towards the fixed stars: as the Earth is nearer to Venus
than Mars is to the Larth, But even in this way the inter.
position of one planet did not supply the great chasm between
Jupiter and Mars, for the ratio between Jupiter and the
supposed new planet still remained greater than between
Saturn and Jupiter. Again I tried in another way.”  Kepler
was twenty-five years of age when he wrote this. It may.
be scen how his restless mind formed hypotheses, and again



THE PLANETS. 437

the properties of the regular solids; it was only nccessary to
modify the distances of the old plancts a little arbitrarily.
(*“ Non reperié\ novos et incognitos planctas, ut paulo antea,
interpositos, noy ea mihi probatur audacia ; scd illos veteres
parum admodum luzatos.”*—Myst. Cosmoyr. p. 10.) The
ideal tendencies of Kepler were so analogous to those of the
Pythagorean scljool, and still more to those of I'lato expressed
in the T¥meus,} that in the same way as Plato (Crafyl. p. 409)
assumed, in addition to the differences of tone in the planets-,
sphercs, those of colour, Kepler likewise institilfed some
experiments (4séron. Opt. cap. 6, p. 261) for the purpose of
detecting the colours of the planets. Even the great Newton,
always €0 precise in his conclusions, was inclined, as Prevost
has alrcady remarked (A/¢m. de U Acad. de Derlin, for 1802,
‘pp- 77 and 93) to reduce the dimensions of the sceven colours -
of the spectrum to the diatonie scale.®

quickly forsook them, to deceive himsclf with others. He
always retained a hopeful faith in being able to discover
numerieal laws where matter had aggregated under the
manifold disturbances of attractive forces, (disturbances whose
combinations arc incalculable, as are so many past events
and formations on account of our ignorance of the accom-
panying conditions) ageregated into globes, revolving in
orbits, sometimes simple and almost parallel, somctimes
grouped together and surprisingly complicated.

* «You will not find new and unknown planets, as I said
before; that boldness I do not approve of; but you will find
the old ones a little altered in position.”

t Plato’s Works translated, vol. ii. Bohn’s Classical Library.

® Newtoni Opuscula Mathematica, Philosophica et LPhilo-
logica, 1744, tom. ii. Opusc. aviii. p. 246 :—* Chordam
musice divisam potius adhibui. non tantum qued cum pk -
nominis (lucis) optime convenit, sed quod fortasse, aliquid
circa colorum harmonias (quarum pictores non penitus ignari
sunt), somorum concordantiis fortasse analogas, involvat.
Quemadmodumgverisimilius videbitur animadvertenti affinie
tatem, que est 1nter extimam Purpuram (Violarum colorem

L2 . T,
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The hypothesis of yet unknown members of the planetary
series, calls to mind the opinion of Hellenie antiquity, that
there were far more than five plancts; these Were, indecd, all
that hiad been observed, but many others might remain unseen,
on account of the fecbleness of their light and their position.
Such a doctrine was espeeially attributed to Artemidorus of
Lphesus.®  Another old Hellenie, and perhaps even Egyptian
belief appears to have been, that ¢ the celestial bodies which

-ﬂcrm,w_so(', were not all visible in carlier times.”  Conneeted
with such a plysical or mueh rather historieal myth, is the
remarkable forn of the praise of a high entiquity which
some rices ascribed to themselves.

Thus the pre-Helicnie Pelasgian inhabitants of Arcadia
called themselves Proselenes; beeause they boasted that they
came into the country before the Moon accompanied the
Larth.  Pre-llgllonie and pre-lunarian were synonymous.
The appearance of a star was represented as a celestial event,
as the Deucalionie flood was a terrestrial event.  Apuleius
(Apolagia, vol. ii. p. 491, ¢d. Oudendorp; Cosmos, vol. ii.

ac Nubedinem, colorum extremitates, qualis inter octave
terminos (qui pro unisonis  quodammodo haberi possunt)
reperitur.” 1 preferred employing the divisions of the
musical chord, not only heciuse they harmonize best with
the phenowena [of light'l, it beeause it is possible there
may be some latent analogy between the harmonics of colours
(with which painters are uot altogether unacquainted) and
the eoncords of sounds. This will appear more probable to
any one who shall notice the similarity of relations between
violet and red, the extreme colqurs [on the spectrum], and
the highest and lowest notes of the octave, which somehow
may be considered as in unison.”  Compare also Prevost, in
the Mém. de I -Avad. de Berlin, for 1802, pp. 77 and 93.

® Seneea, Nat. Que 1. 1711, 13 :~—* Non has tantum stellas
quinque discuivere, sed solas observatas esse: ceterum innu-
merabiles ferri per occultum.”  “Not that these five stars
only moved, but that they only had been, observed, for a
countless number are borne along beyond the reach of vision.”
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P- 557, note,) extends the flood as far as the Getulean
mountains of Northern Africa. Apollonius Rhodius, who
according to Aldxandrian custom, was fond of imitating old
models, speaks of the carly colonization of the Egyptians in
the valley of the Nile: * the stars did not yet revolve in the
heavens ; nor had the Danaides yet appeared, or the race
of Deucalion.” ¢ This important passage explains the praise
of the Pelasgian Arcadia.

® Since the csplanations which Ileyne has giver .0 we
origin of the astronomical myth of the Proselencs, so widely
diffused in antiquity (De Arcadibus Lune Antiquioribus, in
Opuse. Acad. vol. 1i. p. $32.) were unsatisfuctory to me, I
was greatly rejoiced to receive from my acute philologieal
friend, Professor Johannes I'ranz, a new aud very happy
solution of this much-debated problem, by simple combi-
nations of idcas. This solution is unconnerted with either
the arrangement of the calendar by the Arcadians, or their
worship of the Moon. I restrict myself here to an extract
from an unpublished and more extended work.  ‘T'his expla-
nation will not be unwelcome to some of my readers in a work
in which I have made a rule frequently to trace back the
whole of our present knowledge to the knowledge of the
ancients, and cven to traditions believed generally or by very
many. .
* We shall commence with a few of the principal passages
from the ancients, which treat of the Proselencs.  Stephanus
of Byzantium (v. *Apxd«) mentions the logographs of Ilippys,
of Rhegium, a contemporary of Darius and Xerxes, as the
first who called the Areadians mpeaéyvove. The scholiasts, ad
» Apollon. Rhod. TV. 264, and ad Aristoph. Nub. 897, agree in
saying, the remote antiquity of the Arcadians becomes most
clear from the fact of their being called mpoacAyroe.  They
appear to have been there before the Moon. as Judoxus and
Theodorus also say; the latter adds that it was shortly before
the labours of Hercules that the Moon appcared. In e
government of the Tegeates, Aristotle stutes that the bar-
- barians who inhabited Arcadia were driven out by the later
Arcadians before the Moon appeared, and therefore they
were called mpowéAguor. Others say, Endymion discovered
the revolution of the Moon, but as he was an Arcadian, his
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I conclude these considerations respecting'the distancéfis o:
the planets, and their arrangement in space, with a la\lw,
which however scarcely descrves this namé, and which is

countrymen were called after him wposéAgpor. Lucian ex-
presses himself slightingly. (Astrolog. 26.) According to
him it was from stupidity and folly that the Areadians said
they were there before the Moon.  In the Schol. ad dischyl.
Prom. 4356, it is observed, that wposcletpcvor is called

widpaperor, whenee, therefore, the Arcadians were called

wpoodiy o, because they are arrogant.  The passages in Ovid
as to the existence of the Arcadians before the Moon, are
nniversally known.  Recently, indeed. the idea has sprung up
that all the ancients were deecived by the form mposédgvor,
and that the word (properly apod\\yror) meant ounly pre-
Iellenie, as Areadia eertainly was a Pelasginn country.

«If, now, it can be proved,” continues Professor Franz,
“ that another people conneeted their origin with another
cosmical body, the trouble of taking refuge in deceptive
etymological explmations will be obviated.  This kind of
testimony exists in the most svitable form. The Jearned
rhetoricinn Menander says literally in his work. De Eeonomgis
(sec. ii. cap. 5, ed. Heeren), asfollows :—* A third motive for
the praise of objeets is the time; this is the case in all the
most ancient nations: when we suy of a town or of & country
it was founded before this or that star, or with those stars,
bofore the flood or after the flood ; as the Athenians affirm
they originated at the same time us the Sun, the Arcadiuns
before the Moon, the Delphians immediately after the flood 5
these are epochs, and, as 1t were, sarting. points in time.’

*Therefore Delphi, the comneetion of which with the flood
of Deucalion is otherwise proved  Pausan. x. 6), is surpassed «
by Arveadia, and Arcadia by Athens.  Apollonius Rhodius,
who was so fond of imitating old models, gxpresses himself
quite in accordance with this passage, where he says (iv.
261). Egypt is said to have been inhabitéd before all other
countrics; *the stars did not yet all revolve in the heavens;
the Danuides had not yet appeared, nor the race of Denca-
lion; the Arcadians alone existed; those of whom it is said,
that they lived before the Moon, cating acorns upon the
mountains.” In the same manner, Nonnus {xli.) says of the
Syrian Berog, that it was inhabited before the time of the Sun.
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called by Lalande and Dclambre, a play of numbers; by
others, a help for the memory. It has greatly occupied our
labarious Bodey especially at the time that Piazzi discovered
Ceres: a circumstance, however, which was in no way occa-
sioned by that so called law, but rather by a misprint in
Wollaston's Catulogue of the Stars. If any onc is inclined
to consider that discovery as the fulfilment of a prediction, it
must not be férgotien that the latter, as we have already
pointed out, extends back as far as Kepler, or more than a
century and a half beyend Titius and Bode.  Althougn the

* Such a babit of deriving determinations of time from
epochs in the formation of the world, is an offspring of the
speceudative  period, in which all objects have still more
vitality, and ix most closely allied to the genealogiceal local
poetry.  So that it is not improbable that the tradition sung
by an Arcadian poct of the Lattle of the giants in Arcadia,
to which the above-quoted words of old Theodorus (whom
some consider to be # Sumothracian, and whose work must
have been very comprehiensive) refer, may have given ocea-
sion 10 the general applieation of the epithet mposdAqror to
the Areadians.”  'With regard to the double names ¢ Arkades
Pelasgoi.’ and the opposition of a more ancient or recent
peopling of Arcadia, compare the execllent work, Der
Peloponnesos. by Ernst Curtius, 1831, pp. 160 and 180.
In the New Continent also there is, as I have already shown
in another place (see my Aleiren Schrifien, Il i. p. 1135),
vpon the elevated plain of Bogoti. the race of Muysecas, or
Mozeas, who in their historieal myths boast of a prosclenie
antiquity. The origin of the Mooun is comnecied with the

" tradition of a great flood, which a woman who accompanied
the miracle-worker Botschika had eaused by her magical
arts. Botschika drove away the woman (ealled 1Iuythaea or
Sehia).  She left the Earth, and became the Moon, “which
until then had never shone upon the Muyscas.”  Botschika,
pitying the human race, opened a steep rocky wall + ar
Canoas, where the Rio de Tunzha now rashes down, formin
the famous waterfall of Tequendama. The valley, filled with
water, was then laid dry,—a geognostic romance which occurs
repeatedly: for example, in the closed Alpine valley of
Cashuwir, wherd the miglty drainer is called Kasyapa.
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Berlin astronomer had already distinctly declared, in the
second edition of his popular and extremely uscful Anlestung
zur Kenntniss des gestirnten Ilimmels, that ¢ he had taken
the law of the distances from a translation of Bonnet's Cone
templation de la Nuature, prepared by Drofessor Titius at
‘Wittenberg,” still it lhas generally borne his name, and
scldom that of Professor Titius. In a note which the latter
added to the chapter on the System of thé Universe® hLe
gays: *“When the distances of the plancts are examined, it
is %m‘fud that they are alimost o1l removed from each other by
distances which are in the sane proportion as their magni-
tudes increase.  If the distance from Saturn to the Sun is
taken as 100 parts, the distance of Mereury from the Sun is
4 such parts, that of Venus 4 + 8 = 7 such pitrts, the Earth
4 4+ 6 = 10, Mars 4 + 12 = 16. But from Mars to Jupiter
there is a deviation from this accurate (1) progression.  Mars
is followed by a space of 4 + 24 = 28 such parts, in which
neither a prineipal planet nor a subordinate planet has yet
been seen,  Is it possible that the Creator should have left
this space empty? It cannot be doubted that this space
belongs to yet uadiscovered satellites of Mars; or that per-
haps even Jupiter has further satellites around him, which
have not hitherto been seen by any teleseope. “In this space
(unknown to us as regards its contents) Jupiter's circle of
action extends to 4 + «i% = 52. Then follows Saturn in
4 4+ 96 = 100 parts—an admirable proportion.” Titius was
therefore inclined to consider the space between Mars and
Jupiter as containing. not one, but, as is actually the case,
scveral cosmical bmlios; however, he conjectured that they
were more likely to be subordinate, than pringipal planets.

® Karl Bonnet, Betrachtung iiber die Natur, translated by
Titius, socond edition, 1772, p. vii. note 2 (the first edition
appcared in 1766). In Bonnet's original work no such law
is noticed. (Compare also Bode, Auleit. zur Kenntniss des
gestirnten Himmels, second edition, 1772, p. 462.).
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How the translator and commentator of Bonnet obtained
the number 4 for the orbit of Mercury, is nowhere stated.
:Perhaps he sel®ted it only in order to have in combination
*with the easily divisible numbers 96, 48, 24, &e., exactly 100
for Saturn, at that'time the most distant planct known, whose
distance is 9-5, thus very nearly = 10-G. It is less probable
that he construgted the order of succession by commencing
from the nearer plancts. A sufficient correspondence of the
law of duplication setting out, not from the Sun, but frome
Mercury, with the truc planctary distauces, could not have
‘been affirmed in the last century, as the latter were known at
that time with sufficient accuracy for this purpose. In reality,
the distances between Jupiter, Saturn, and Uranus approximate
very closely to the duplication ; nevertheless, since the disco-
very of Neptune, which is much too near to Urunus, the defec-
tiveness in the progression has become strikingly evident.®

8 Since, according to Titius, the distance from the Sun to
Saturn, then the outermost planet, is taken as = 100, the
individual distances should be:

Mercury, Venus, ]:‘..xrth, Mars, Small plancts, Jupitcr,

183 Ths Tos Too Too To5
according to the so-called progression: 4, 443, 44-6, 4+ 12,
4424, 4448; consequently, when the distance of Saturn
from the Sun is taken as 7892 million geographical miles,
those of the other planets expressed in the same measure, are :

Distances, according to Titius, in Actunal distance
geographical miles. in geographical miles,

Mercury ... ... 31-6 millions. 82-0 millions.
Venus e eee 852 » 600 »
Earth eer ee. 788 » 828 »
Mars ... ... ... 1260 ”» 1260
Small planets ... 2208 » 2208
Jupiter e o 4104 » 4300 »
Saturn cee  eea T892 9 789-2 ”
Uranus ... ...1586'8 9 1586°8 » -
Neptune ... %.3062:0 ,, 24848 ,,
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‘What is called the law of Wurm of Leonberg, and son# ,,
times distinguished from the law of Titius and Bode, is
merely a correction which Wurm made as td the distance of
Mercury from the Sun, and the difference between the dis-
tances of Mercury and Venus. Approximating nearer to the
fact, he fixes the former as 387, the latter 680, and the dis-
tance of the Farth 1,000 Gauss had alrcady, on the occa-

® 'Wurm, in Bode's Astron. Jahrbuch for the year 1790,
"‘p. 168; and Bode, Ion dem neven zwischen Mars und Jupiter
entdeckten achten Ilaupiplatteten des Sonnensystems, 1802,
p- 45. With the numerical correction of Wurm, the series,
according to the distances from the Sun, is ;— )
Mereury ... ... ... 387 Parts.
Venus ... oo . 6874 203 = 680
Earth ... .. ... 8874+ 2293= 973
Mars e see eee BBTH4 4293 = 1559
* Small planets ... ... 3874+ 8293 = 2731
Jupiter ... ... .. 8874 16293 = 5075
Saturn ... ... ... 3874 32293 = 9763"
Jranus .. ... ... 9874 64293 = 19139
Neptune... ... ... 3874128293 = 37891
In order that the degree of accuracy of these results may
be tested, the actual mean distances of the planets are given
in the next table as they are acknowledged at the present
time, with the addition of the numbers which Kepler consi-
dered in accordance with the Tyvchonie system to be the true
ones. I quote the latter from Newton’s work De Munds Sys-
temate ( Opuscula math. philos. et philol. 1744, tom. ii. p. 22):

Plancts. Actual Distances. | Kepler's Resulta.
Mercury .. ... ... 0-38709 0-38806
Venus 0-72333 0-72400
Earth vee ien e 100000 1-:00000
Mars ... .o eee . 1:52369 1-52350
JUno ... . e .o 2:66870
Jupiter ... .. .. 5-20277 519650
Saturn e een 9°53885 9:51000
Uranus ... ... .. 19-18239
Neptune ... . ... 3003628 b
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sion of the discovery of Pallas by Olbers, aptly eriticised the
so-called law of distances in a letter to Zach (October, 1802).
% The statemedt of Titius,” says he, *contrary to the nature
of all truths which' merit the name of laws, agrces only
approximatively with observed facts in the case of most
planets, and, what does not appear to have been once observed,
not at all in the case of Mercury. It is evident that the series
4,4 43,446,141 +12,4 + 48,4 + 56,4 + 192,
with which the distances should correspond, is not a conti-
nuous series at all. The member which precedes 4+ 3 should
not be 4; ¢.e. 4 4 0, but 4 4+ 14. Therefore, between 4 and
4 + 3, there should be an iufinite number; or, as Wurm
expresses it, for n = 1, there is obtained from 4 + 223,
not 4, but 53. Otherwise, the attempt to discover such
approximative similaritics in naturc, is by no means to be
censured.”
* 5. Masses of the planets.—These clements are determined
" by satellites when therc are any, by the mutual disturbances
of the principal plancts among cach other, or by the influence
of a comet of bricf revolution. In this way the hitherto
unknown mass of Mercury was determined by Encke in 1841,
by the. disturbances which his comet suffered. The same
comet offers a prospeet of a future improvement in the esti-
mation of the mass’of Venus. The disturbances of Vesta
are applied to Jupiter. The mass of the Sun being taken as
unity, those of the plancts are (according to Kncke, vierte
Abhandlung iiber den Cometen von Pons in den Schriften der
Derliner Akademie der Wissenschafteir for 1842, p. 5):

Mercury .. ... .o oo o gEEITIT
Venus .. o eee eer e zpEEE
Earth ... ... ... . . 3395sT
(Earth and Moon together ...  33dspy)
Marsg ... ... .o . e TEESTIT
Jupiter and his satcllites .. t5z}-gry
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Saturn ... e e e e gEETE
Uranus ... e ot e oo
Neptune ... e oo woe oo TTEHTE

The mass ,glyy, Which Le Verrier found by méans of his
sagacious calculations before the actual discovery of Neptune
by Galle is greater, although remarkably near to the truth.
The arrangement of the principal planets, ancording to their
increasing masses, is, when leaving out the small ones, the
following :

Mercury, Mars, Venus, Earth, Uranus, Ncptune, Saturn,

Jupiter;
thus like the volumes and densities, entirely different from
the order of succession of the distances from the central
body.

6. Densities of the planets.—By applying .he above quoted
volumes and masses, the following numerical relations are
obtained for the densities of the pluncts (according as the
earth or water is taken as unity):

Relation to the Relation to the
Planets. - Earth. density of Water.
Merogty ... ... .. 1234 671
Venus 0910 511
Earth cee ses  eue 1-000 544
Mars 0958 521
Jupiter ...+ .. 0243 + 7 1-32
Saturn ... .o el 0-140 0-76
Uranus ... .. .o 0-178 097
Neptune . eee ... 0230 - 1-25

Tn the compasison of. the density of the planets with wat{,\

the density of the Earth serves as a basis. Reich’s ex O
ments made in Freiberg with the torsion balance, %

¥'4383: yery neaMy the same as the analogous experimen
of, Cavendish, which, according to the more accurate caleuld ;
tu!n: of Francis Ba.xly, gn.ve 5-448. The result of Bmlyf»
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experiments is §:660. Tt will be scen from the above
fable, that Mercury, according to Fncke’s determination of

mass, comes very ncar to the other planets of medium
magnitude.

This table calls to mind forcibly the classification, several
times mentioned by me, of the planets into two groups,
which are scparated from cach other by the zone of the small

- planets. The differences of density which arc presented by
Mars, Verus, the Earth, and even Mercury, are very slight;

. almost cqually similar among each other, but from 4 to 7
times less dense than the former group, are the planets more
distant from the Sun,—Jupiter, Neptune, Uranus, and Saturn.
The density of the Sun (0252, if the Farth is taken as
1:000; therefore in reference to water 1-37), is but little
more than the densities of Jupiter and Neptune. Conse-
quently, the planets and the Sun® must be arranged according
to their inerecasing density, in the following order:

Saturn, Uranus, Neptune, Jupiter, Sun, Venus, Mars,

Earth, Mcrecury.
Alth'ough, upon the whole, the densest plancts are nearer to
<he Sun; still, when they are comsidered individually, their
density is by no means proportional to the distances, as
Newton was inelined to assume.®

# The Sun (which Kepler considered to be magnetic, pro-
bably from enthusiastic admiration for the divina inventa of
his justly famous contemporary, William Gflbert, and whose
rotation in the same direction as the planets he maintained
long before the Sun-spots were discovered), Kepler declares,
in his Comment. de motibus Stelle Jlartis (cap. 28), and in
Astronomie pars optica (cap. 6), to be * the densest of all
cosmical bodies ; because i1t moves all the others which belong
to his system,” -

8 Newton, De Mundi Systemate. in Opusculis, tom. ii. p.17:
¢ Corpora Veneris et Mcreurii majore Solis calore’ magis con-
cocta et congulata sunt. Planete ulteriores, defectu caloris,
carent substantigs illis metallicis et mineris ponderosis quibus

» Terra referta cst. Densiora corpora que Soli propiora: ca

-
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7. Periods of sidereal revolution and azial rotation.—~We
shall confine oursclves here to giving the sideveal, or true
periods of revolution of the planets in refererice to the fixed
stars, or a fixed point of the heavens. Daring such a revolu-
tion, a planet passes through exactly 360 degrees in its course
round the Sun. The sidercal revolutions of the planets must
be clearly distinguished from the tropical and synodie, the
former of which refer to the return to the spring equinox. the
latter to the difference of time between two consecutive

* conjunctions or oppositions.

eriods of sidcreal
Plancts F Revolutions. Rotation.

Mercury .. ... 874:906928 A -
Venus 22470078
Earth 365°25637 023 56 4
Mars G86-97964 1 03720
Jupiter .. ... 4332-58480 0 9 55 27
Saturn 10759-21981 0 10 29 17
Uranus 30686-82051
Neptune ... ... 60126-70000

" In another more perspicuous form the two periods of revo-
ution are:—
s Mercury ... .. 87% 23" 15m 4%
Venus e e 224 16 49 7
Earth e .. 3656 6 9 10 -7496:

" —

ratione constabit optime pondera Planctarum omnium esse
inter se ut vires.”—“The bodics of Venus and Mercury are
ripened and condensed, on account of the greater heat

of tie.Sun. The more remote planets, by want of heat, are
ﬁient in those metallic substances and weighty minerals
h which the Earth abounds. Bodies arc denser in pro-
’ion ‘to their nearness to the Sun,—from which reason it
will easily-appear that the weight of all plamets is in prépor.
tion to their forces.” : "
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whence it follows that the period of the tropical revolution, 6r
the length of the solar year, is 365%°24222, or 365d. 5h. 48m.
47-8091; the Ylength of the solar year, is shortened 0”595
in 100 ycars on account of the precession of the cquinoxes :—

Mars ... .. 1year, 321¢ 17" 30™ 41"

- Jupiter w. 11 years, 314 20 2 7
Saturng.. ... 29 years, 166 23,16 32

Uranus .. ... 8#years, 5 19 41 36

. Neptune ... 164 years, 225 17 0 0

The rotation is most rapid in the casc of the exterior
- planets, which have at the same time a longer period of
‘revolution ; slower 1n the case of the smaller interior planets,
" which are ncarer to the Sun. The periods of revolution of
the asteroids between Mars and Jupiter are very various, and
will be spoken of in the enumeration of the individual planets.
It is, thercfore, sufficient in this place to give a comparative
result, and to observe that among the small plancts, Hygeia
has the longest, and Flora the shortest period of revolution.

8. Inclination of the planctary orbits and azes of rotations—
Next to the masscs of the planets, the inelination and eccen-
tricity of their orbits are among the most important elementa
upon which the disturbances depend. The comparison of
these, in the order of succession of the interior, small inter-
mediate and exterior vlanets (from Mercury to Mars, from
Flora to Iygeia, from Jupiter to Neptune), presents manifold
similarities and contrasts. which lead to considerations as to
the formation of these cosmical bodics, and their changes
during long periods of time. The planctdtrevolving in such
various elliptical orbits, arc also all sitnated in different
planes. In order to render a numerical comparison possible,
they are reduced to a fundamental plane, cither fixed or
moveable, according to certain laws. As such the most con-
venignt is the egliptic—the course which the Earth actually

» traverset—or the cquator of the termérial spheroid. We
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2dd to the eame table, the inclinations of the axes of rotation
of the planets towards their own orbits, sq far as they are
determined with any certainty. ’

Inclination of the | Inclination of the | Inclination of,

Onetary Orbi Planetary Orbits the axes
Plancts. Itf,“{‘,fé“]';?d?;:;‘c‘_s to the of the Planets to

Earth's Equator. their Orbits,

#Mercury ... | 7° 0° 5”9 | 28° 45 8"
Venus .. | 8° 23 28"5 | 24° 83 21" .
‘Earth ...| 0° 0" 0 3° 27 54"8| 66° 82
Mars .| 1°561" ("2 | 24° 44° 24" 61° 18
Jupiter ...| 1°18° 517G | 23° 18 28" 86° 54°
Saturn .| 2° 290" 3579 | 22° 38 14"
Uranus ...| 0° 46" 280 | 23° 41° 24"
Neptune ... | 1° 47 0" 22° 21" 0"

The small planets are omitted here, because they will be
treated of further on as a separate distinct group. If we except
Mercury, situated necar the Sun. and the inclination of whose
axis towards the ccliptic (7° 0’ 5"°9) approaches very near to
that of the solar equator (7° 30°) the inclinations of the other
seven planets will be seen to oscillate between 0§° and 3§°.
Jupiter ¢xhibits, in the position of the axis of rotation with
refcrenée to its own orbit, the closest approximation to the
extreme of perpendicularity. On the contrary,” the axis of
rotation of Uranus, to conclude from the inclination of the
orbits of its satcllites, very nearly coincides with the plane of
the planet’s orbit. -

Since the division and duration of the seasons, the solar

"altitudes under vanious latitudes, and the length of the days,
depend upon the amount of the inclination of the Earth’s axis
towards the plane of its orbit, as well as upon the obliquity of
the ccliptic (5. e. upon the angle which the apparent course
of the Sun makes with the equator at their point of inter-
‘Jeouon), this element. is of the most extreme impo: as
‘rogards the astronomical climate, s. e. the teiperature of the
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Earth, in as far as this is a function of the meridian altitude
. attained by the Sun and the duration of its continuance
above the horizon. If the obliquity of the ccliptic’ were
great, or if, indeed, the Earth's equator were perpendicular
to the Earth’s orbit, at each part of its surface, even under
the poles, the Sun would be in the zenith once in the year,
and, for a g'mate.r or less time, neither rise nor set. The
differences of summer and winter under each latitude (as
well as the length of the day), would attain the maximum of
opposition. The climates in each part of the Earth would
belong, in the highest degree, to those which are called
extreme, and which an interminably complicated series of
rapidly changing currents of air could only glightly equalize.
If the reverse were the case, or the obliquily of the ccliptie
null, if the Earth’s equator coincided with the ecliptic, the
differcnces of the seasons and in the length of the days would
ccase everywhere, because the Sun would continually appear
to move in the equator. The inhabitants of the poles would
see it perpetually at the horizon. *The mean annual tem-
perature of cach point of the Earth’s surfuce, would also be
that of each individual day.”* This condition has been
called an eternal spring, although, however, only on account
of the universally equal length of the days and nights. As
the growth of plants would be deprived of the stimulating
action of the Sun’s heat, a great part of those districts which
we now call temperate zoaes, would be reduced to the almost
always uniform and not very agrecable spring climate, from
which I suffered much under the equator, upon the barren
mountain plains (Paramos™) between 10,659 and 12,837 feet
above the level of the sea, situated near the boundnry of

» Midler, Astronomie. § 193. - .

¥ Humboldt, De Distribunione geographica Plantarum,

P. 104, (Views of Nature, p. 220 to 223, Bohn's edition.)
. $OL. IV. * X .
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perpetual snow in the Andes chain. The temperature ef the
air during the day oscillates there between 4°} and 9°,
Réaum. (42° and 52°-25 Fahr.)

Grecian antiquity was much occupicd with the obhqmby
of the ccliptic, with rough measurements, conjectures as toits
variability, and the influence of the inclination of the Earth's
axis upen climate, and the luxuriance of organic develop-
ment. Thesespeculations belonged especia{lly to Anaxagoras,
the Pythagorean school, and to (Enopides of Chios. The
passages which give us any information on this point are
scanty and indecisive; however, they show that the deve-
lopment of organic life and the origin of animals were
considcred to have been simultaneous with the epoch in
which the axis &f the Earth first commenced to be inclined,
which also altered the inhabitability of the planet in particuler
gones. According to Plutarch, De Plac. Philos. ii. 8,
Anaxagoras believed * that the world, after it had come into
existence and produced from its womb living beings, had of
itself inclined towards the south.” In the same regard,
Diogenes Lacrtius says of the Clazomemer, ¢“the stars had
originally pro;ected themselves in a dome-like layer, so that
the pole appearing at any time was vertically over the Earth ;
but that afterwards they assumed an oblique direction.” The
origin of the obliquity of the ecliptic was considered as a
cosmical evenf, There was no question respecting a subse.
quent progressive altcration.

The description of the two extreme, therefore opposite,
conditions to which the planets Uranus and Jupiter approxi-
mate most closely, is suited to call to mind the variations
which the mcrcasing or decreasing obliquity of the ecliptie

"would produce in the meteorological relations of our planet,
if these variations were not comprised within very narvow
limits. 'The knowledge of these limits, the subject of the
great works of Leonhard Euler, Lagmnge,. and Laplace, may
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be called one of the most brilliant achievements of modern *
times in theorgtical astronomy and the perfected higher
analysis. These limits are so narrow, that Laplace (Ezpos.
du Systéme du Monde, cd. 1824, p. 303,) puts forward the
opinion that the obliquity of the ecliptic oscillates about its
mean position only 14° towards both sides. According to
this statement,® the tropical zone (the tropic of Cancer, as its
northernmost and outermost boundary) would approach only
so much nearer to us. The result would therefore be, if the
numerous other meteorological perturbations are omitted, as
if Berlin were gradually displaced from its present isothermal
line to that of Praguc. The elevation of the mean annual
temperature would scarccly amount to more than onc degree
of the centigrade (3% of a degree of Fahrenheit's) ther-
mometer.® Biot, indeed, also assumes only narrow limits
for the alternating variation in the obliquity of the cclip-
tic, but considers it more advisable not to assign to it a
determinate number. ¢ La diminution lente ct séculaire
de l'obliquité de I'éciiptique,” says he, *‘offrc des états
alternatifs qui produisent une oscillation éternclle, com-
prise entre des limites fixes. La théorie n'a pas encore pu
parvenir & déterminer ces limites ; mais d'apres la constitu-

® « J’¢tendue entiére de cette variation serait d'environ
12 degrés, mais I'action du Soleil et de la Lune la réduit 4 peu
prés a trois degrés (centésimaux).” *‘The entire extent
of that variation would be about 12 degrees, but the action
of the Sun and Moon reduce it to very ncarly 3 degrees
(centesimal).”—Laplace, Ezpos. du Syst. du Monde, p. 803.
® I have shown in another place, by compatison of nume.
rous mean annual temperatures, that in Europe, from the
North Cape to Palermo, the diffcrence of one de§ree of
geographical latitude very nearly corrcsponds to 0-5° of the
centigrade thermometer, but in the western temperature.
m of America (between Boston and Charlestown) to
0'9°. (Aste Centrgje, tom. iii. p. 229.) .
u 2
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tion du systdme planétaire, elle a démontré qu'clles existent
et qu'elles sont #rés peu étendues. Ainsi, & ne considérer que
le seul effet des causes constantes qui agissent actuellement
sur le systéme du monde, on peut affirmer que le plan de
T'écliptique n'a jamais coincidé et ne coincidera jamais aveo
le plan de I'équateur, phénoméne qui, 8'il arrivait, produirait
sur le Terre le (prétendu!) printemps perpétuel.”*—Dbiot,
Traité d’ Astronomie Physigue, 8rd ed. 1847, tom. iv. p. 91.
‘While the nutation of the Earth’s axis discovered by
Bradley depends merely upon the influence of the Sun and
the Earth’s satcllite upon the oblate figure of our planet, the
increase and decrease in the obliquity of the ecliptic is the
cousequence of the variable position of all the planets, At
the present time thesc are so situated that their united in-
fluence upon the Earth's orbit produces a diminution in the
obliquity of the ecliptic. This obliquity amounts, according
to Bessel, to 0”457 annually. At the cnd of many thousand
years the situation of the planetary orbits and their nodes
(their points of intersection with the ccliptic) will be so
different, that the advance of the equinoxes will be converted
into a retrogression, and consequently an increase in the
obliquity of the ecliptic. Theory tcaches us that these in-
creases and diminutions occupy periods of very unequal
duration. The most ancicnt astronomical obscrvations which

* «The slight and secular variation of the obliquity of th
ecliptic presents altcrnating states which ,produce an ete
oscillation comprised within fixed limits. Theory has not'been'
able to determine those limits; but according to the consti
tution of the planetary system it has been proved that they
exist, and that they are of very slight eztent. Thus, to con-
sider only the effect of the permanent causes-which act upon
the system of the world, it may be affirmed that the plane of
the ecliptic never has and never will coincide with the plane
of the equator, a phenomenon which, if it took place, would
produce upon the Earth the (pretended!) eSernal spring.
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ve come down to us, with accurate numcrical data, recach
ck to the year,1104 before Christ, and testify to the extreme
“antiquity of Chinese civilization. The literary remains are
scarcely a century more recent, and a regulated calculation of
time extends (according to Edward Biot) as far back as 2700
years before Christ® Under the reign of Tscheu-Kung, the
" brother of Wu-Wang, the meridian shadows were measured
in two solstices, ipon an cight-foot gnomon, in the town of
Layang, south of the Yellow River (the town is now called
Ho-nan-fu and is in the province of Ilo-nan), in a latitude of
of 34° 46’8 These measurements gave the obliquity of the
ecliptic as 23° 54'; that is, 27’ greater than it was in 1850.
The observations of Pythcas and Eratosthenes at Marscilles
and Alexandria are six and seven centuries later. We pos-
sess the results of four observations of the obliquity of the
ecliptic previous to our era, and scven subscquent, up to
Ulugh Beg's observations at the observatory of Samarcand.
The iheory of Laplace corresponds sometimes in plus, some-
times in minus, in an admirable manuer with the observations
made during a period of nearly 3000 years. The knowledge
transmitted to us of Tschcu-Kung’s measurement of the
shadow-length is so much the more fortunate as the manu-
script which mentions it escaped, from some unknown cause,
the fanatical destruction of books commanded by the Emperor
Schi-hoang-ti of the Tsin dynasty, in the year 246 before
Christ. Since the commencement ot the fourth Egyptian
dynasty with the Kings Chufu, Schafra, and Menkera,~the
builders of the Pyramids,—fulls, according to Lepsius, twenty-
three centuries before the solstitial obscrvation at Layang,

® Cosmos, vol. ii. p. 475, 476, and note. )
. @ Laplace, Expos. du Systéme du Monde, 5th ed. p. 303,
845, 403, 406, and 408 ; the same in the Connaissance des
Zemps pour 1811, p. 386; Biot, Traité Elém. d Asiron.
Physigue, tom. i. B, 61; tom. iv. p. 90-99, and 614-623,
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it isindecd very probable, from the high degree of civilization
of the Egyptian people and their early regulatjon of a calendar,
‘that even at that time the length of shadows had been
measured in the valley of the Nile; but no knowledge of this
has come down to us. Eyen the Peruvians, although less
advanced in the perfection of calendars and intercalations
than the Muyscas (mountain inhabitanits of New Granada)
and the Mexicans were, posscssed gnomons, surrounded by
a circle marked upon a very level surface. They stood in
several parts of the empire, as well as in the great temple of
the Sun at Cuzco; the gnomon at Quito, situated almost
under the equator, was hcld in greater vencration than the
others, and crowned with flowers upon the cquinoctial feasts.®

8 Garcilaso, Comment. Reales, part i. lib. ii. cap. 22-25;
Preseott, Hist. of the Conguest of Peru, vol.i. p. 126. The
Mexicans.possessed among their twenty hieroglyphical signs
of the days, one held in especial veneration called Olin-
tonatiuh, that of the jfour movements of the Sun, which

erned the great cycle, renewed every 52=4:< 13 years,
and referred to the course of the Sun intersecting the solstices
and equinoxes, and hicroglyphically expressed by foot-séeps.
In the beautifully-painted illuminated Aztec manuscript, which
was formerly preserved in the villa of Cardinal Borgia at
Veletri, and from which I derived much important informa-
tion, there is the remarkable astrological sign of a cross,
the day signs which are written on the margin by its side

would perfectly represent the passage of the Sun through the.

zenith of the town of Mexico (Tenochtitlan), the equator and
the solstitial points, if the points (round discs) added to the
day signs on account of the periodic series, were equally
complete in all ZAree passages of the Sun. (Humboldt, Vues
des Cordilléres, pl. xxxvii. No. 8, pp. 164, 189 and 237.)
The King of Tezcuco, Nezahualpilgi (called a fast child,
because his father fasted for a long time previously to the
birth of the wished-for son) who was passionately given to
astronomical obscrvations, erected a building which Torque-

mada rather venturously calls an observalory, and the ruins of
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f 9. Excentricity of the Planetary Orbits.~—The form of the

" elliptical .orbits is determined by the greater or less distance
of the two foci from the centre of the ellipse. This distance,
or the excentricity of the planetary orbits expressed in frac-
tional parts of their half major axcs, varies from 0-006 in the
orbit of Venus (consequently very near the circular form),
and 0-076 in that of Ceres, to 0-205 and 0-255 in those of
Mercury and Jurb. Next in succession to the least excentric
orbits of Venus and Neptune follows that of the Earth, whose
excentricity is now decreasing at the rate of about 0-00004299
in 100 years, while the minor axis increases; then come the
orbits of Uranus, Jupiter, Saturn, Ceres, Egeria, Vesta, and
Mars. The most excentric orbits are those of Juno (0-255),
Pallas (0-239), Iris (0-232), Victoria (0-217), Mcreury (0-205),
and Hebe (0-202). The excentricity is on the increase in
the orbits of some planets, as Mercury, Mars, and Jupiter;
on the decrcase in those of others, as Venus, the Earth,
Saturn, and Uranus. The following table gives the excen-
tricities of the large planets for the year 1869, according to
Hansen. The excentricitics of the jfourtcen small planets
will be given subsequently, together with other elements of
their orbits for the middle of the ninetcenth century.

* Mereury.. .. .. .. .. 02056163
Venus .. oo .. <. .. 00068618
‘Earth .. .. .. .. .. 00167922
Mars .. .. .. .. .. 00932166
Jupiter .. .. .. .. .. 00481621
Saturn .. .. .. .. .. 0°0561505

which he saw. (Monarguia Indiana, lib. ii. cap. 64.) In

the Raccolta di Mendoza, we find a priest represented

(Vues des Cordilléres, pl. Iviii. No. 8, p. 289), who is watch-
"ing the stars, which is expressed by a dotted line which
, Passes from the.obierved. star to his eye.
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Uranus .. .. .. .. .. 00466108
Neptune.. .. .. .. .. 000;7[946

The motion of the mtyor azis (line of apsides) of the
planetary orbits by which the place of the perihelion is
changed, is a motion which goes on perpetually in one
direction, and proportionally to the time. It is a change in
the position of the major axis, which requires more than a
hundred thousand years to complete its cycle, and is to be
distinguished as essentially different from those alterations
which the planetary orbits undergo in their form—their
ellipticity. The question has been raised as to whether the
increasing value of this ellipticity, is capable during thousands
of years of modifying, to any considerable extent, the tem-
perature of the Earth, in reference to the daily and annual
quantity and distribution of heat? Whether a partial solution
of the great geological problem of the embedding of tropical
vegetable and animal remains in the now cold zones may not
be found in these astronomical causes procecding regularly
in accordance with eternal laws? The same mathematical
arguments which excite apprehensions as to the position of
the apsides, the form of the elliptical planetary orbits (accord-
ing as these approach the circular form or a cometary eccen-
tricity), as to the inclination of the planetary axes, changes
in the obliquity of the ccliptic, the influcnce of precession upon
the length of the year, also afford in their higher analytical
development, cosmical grounds for reassurance. The magjor
azes and the masses are constant. Periodic recurrence hinders
the unlimited augmentation of certain perturbations. In
consequence of the mutual and at the same time compensating
influence of Jupiter and Saturn, the excentricities of their
orbits, in themselves slight, are alternately in a state of in-
ereze:anddecrease and are also comprised within fixed and
for/the most part narrow limits.

«'The point in which the Earth is nearest to the Sun falls in
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very different periods of the year, in consequence of the
alteration in the position of the major axis.® If the perihelion
falls at the present time on the first day of January, and the
aphelion six months afterwards, upon the first day of July, it
may happen on account of the advance (furning) of the
major axis of the Earth's orbit, that the minimum may occur
in summer and the maximum in ‘winter, so that in January
the Earth wouldbe farther from the Sun than in the sum.
.mer, by about 2,800,000 geographical miles (i. e. about 3;th
of the mean distance of the Earth from the Sun). It might
at the first glance be supposed that the occurrence of the
pershelion at an opposige time of the year (instead of the
winter, as is now the case, in summer), must necessarily
produce great climatic variations; but, on the above suppo-
sition, the Sun will no longer remain seven days longer in
the northern hemisphere; no longer, as is now the case,
traverse that part of the ecliptic from the autumnal equinox
to the vernal equinox, in a space of time which is one week
shorter than that in which it traverses the other half of its
orbit from the vernal to the autumnal equinox. The differ-
ence of temperature which is considered as the consequence
to be apprehended from the turning of the major axis (and
we refer here merely to the astronomical climates, excluding
all considerations as to the relations of the solid and liquid
portion of the many-formed surface of the Earth), will, on the
whole, disappear,* principally from the circumstance that the
point of our planet’s orbit in which it is nearest to the Sun is
at the same time always that over which it passes with the

® John Herschel on the Astronomical Causes which may
snfluence Geological Phenomena, in the Transact. of the Geolvy..
Soc, of London, 2nd series, vol. iii. pl. i. p. 298 ; the same
in his Treatise on Astronomy, 1833. (Cab. Cyclop. vol. xliii,

§ 815.)
¢ Arago, in tho Annuaire for 1834, p. 199,

\
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greatest velocity. The reassuring solution of this problem is
to a certain extent contained in the beautiful lgw first pointed
out by Lambert,® according to which the quantity of heat
which the Earth reccives from the Sun in each part of the
year, is proportional to the angle which the radius vectfor of
the Sun describes during the same period.

As the altcred position of the major axis is capable of
exerting only a very slight influence upon the temperature of
the Earth; so likewise the Zimits of the probable changes in
the elliptical form of the Earth’s orbit are, according to Arago
and Poisson,® so narrow that these changes could oily very

@ «]] g'ensuit (du théordme déi i Lambert) que la quan-
tité de chaleur envoyée par le Soleil 4 la Terre est la méme
en allant de I'équinoxe du printems & I'équinoxe d’automne
quen revenant de cclui-ci au premicr. Le tems plus long
que le Soleil emploic dans le premier trajet, est exactement
compensé par son éloignement aussi plus grand ; et les quan-
tités de chaleur qu’il envoic a la Terre, sont les mémes pen-
dant qu'il se trouve dans I'un ou l'autre hémisphere, boréal
ou austral.”’—Poisson, Swr la Stabilité du Systéme Planélaire,
Connaissance des Temps for 1836, p. 54. * It follows from the
theorem of Lambert, that the quantity of heat which is con-
veyed by the Sun to the Earth is the same during the passage
from the vernal to the autumnal equinox as in returning from
the latter to the former. The much longer time which the
Sun takes in the first part of its conrse, is exactly com-
pensated by its proportionately greater distance, and the
quantities of heat which if conveys to the Earth are the same
while in the onc hemisphere or the other, north or south.”

# Arago, op. cit. pp. 300-204. * L'excentricité,” says
Poisson, (op. ectt. pp. 38 and 52,) “ayant toujours été et
devant toujours demeurer trés petite, I'influence des variations
séculaires de la quantité de chaleur solaire reque par la Terre
sur la température moyenne parait aussi devoir &tre trés
limitée. On ne saurait admettre que l'excentricité de la
Terre, qui est actuellement environ un soixantiéme, ait jamais
été ou devicnne jamais un quart, comme cglle de Junon ou
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slightly modify tke climates of the individual zones, and that
in very long wperiods. Although the analyses which deter-
mine these limits accurately is not yet quite completed, still
80 much, at least, follows from it, that the excentricity of the
Earth’s orbit will never equal those of the orbits of Juno,
Pallas, and Victoria.

10. Intensityof the Light of the Sun upon the Planets.—If
the intensity of light upon the Earth is taken as =1, it will
be found to be upon the other planets, as follows :—

Mereury.. .. .. .. 6674
Venus .. .. .. .. 1911
Mars .. .. .. .. 031
Pallas .. .. .. ..0130
Jupiter .. .. .. .. 0036
Saturn .. .. .. .. 0011
Uranus .. .. .. .. 0003
Neptune... .. .. .. 0:00) .

In conscquence of the very great cexcentricity of their
orbits, the intensity of light on the following planets
varies in—

Mercury, in perihclion, 10-58; in apheliong, 4-59

Maurs w  w  0582; , , 036

Juno ”» ” 025 H ’” ”» 0-09
while the Earth, owing to the slight excentricity of its orbits,
has in perihclion 1-034, and in aphelion 0-967. If the Sun-
light upon Mercury 18 seven times more intense than upon

de Pallas.” ¢ As the excentricity always has been, and always
will be, very small, the influence of the secular variations of
the quantity of solar heat received by the Earth upon the
mean temperature would appear also to be very limited. It
cannot be admitted that the excentricity of the Earth, which
is actually about %5, has ever been, or ever will be { as that
of Juno or Paljps.”
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the Earth, it must also be 868 times more feeble upon Uranus.

The relations of heat have not been mentioned here, because
" they are complicated phenomena, dependent upon the exist-
ence or non-existence of an atmosphere surrounding the
planets, its constitution, and height. I will merely call to
mind here the conjecturc of Sir John Herschel, as to the
temperature of the Moon's surface, * which must necessarily
be very much hcated,—possibly to a degrce much exceeding
that of boiling water.” ¢

b. SECONDARY PLANETS.

The general comparative considerations relating to the
secondary planets, have already becn given with some com-
pleteness in the delineations of nature. (Cosmos,vol i. pp. 79~

"83.) At that time (March, 1845,) there were only 11 prin-
cipal, and 18 sccondary plancts known. Of the asteroids,
so called telescopic, or small planets, only 4 were discovered :
Ceres, Pallus, Juno,and Vesta. At the present time (August,
1851,) the number of the principal planets cxceeds that of
the satellites. 'We are acquainted with 22 of the. former,
and 21 of the latter. After an intermission of thirty-eight
years in planetary discoveries (from “1807, to December,
1845), commenced a long scries of 10 new small planets,
with Astrea, discovered by Hencke. Of these, 2 (Astrea and
Hebe) were first detceted by Hencke at Driesen, 4 (Iris,
Flora, Victoria, and Ircne) by Iind in London, 1 (Metis) by
Graham at Markree Castle, and 3 (lIygcia, Parthenope, and
Egeria) by De Gasparis at Naples. The discovery of the
outermost of all the large planets, Neptune, announced by
Leverrier, and found by Galle at Berlm followed ten months
after Astrca. The discoveries now accumulate with such

“ Ouflines, § 482. <
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rapidity, that the topography of the solar regions appears
after the lapsq of a few years, quite as antiquated as statistical
descriptions of countries.

Of the 21 satellites now known, 1 belongs to the Earth,
4 to Jupiter, 8 to Saturn (the last discovered of these 8 is,
according to distance, the seventh, Hypcrion: discovered in
two different places at the same time by Bond and Lassell),
6 to Uranus (ot' which the second and fourth are most posi-
tively determined), and 2 to Neptune.

The satellites revolving round the principal planets consti-
tute subordinate systems, in which the principal planets take
the place of central bodies, forming individual regions of
very different dimensions, in which the great solar region is,
as it were, repcated in miniature. According to our present
knowledge, thic region of Jupiter is 2,080,000 geographical
miles in diamecter, and that of Saturn 4,200,000. In Galileo’s
time, when the expression of a small Jorial world (Mundus
Jovialis) was frequently made use of. these analogies between
the subordinate systems and the solar system, contributed
much to the more rapid and general diffusion of the Coper-
nican system of the world. They suggest the repetitions of
form and position which is so frequently presented by organie
nattire in subordinate.spheres.

The distribution of the satellites in-the solar regions is so
unequal, that while the proportion of the moonless principal
planets, to those which are accompanied by Moons, is as
3 to 5, the latter belong, with the single exception of one,
the Earth, to the ezterior planetary groups, situated beyond
the ring of the asteroids with interlacing orbits. The only
satellite which has been formed in the group of interior
planets between the Sun and the asteroids, the Earth's Moon,
has a remarkably large diameter in proportion to that of its
primary. This proportionis y5: while the largest of Saturn’s
satellites (the gixth, Titan), is perhaps only t}.y; and the
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largest of Jupiter's satcllites, the third, ;1. of the diameter
of their primaries. A wide distinction must be drawn
between this consideration of a relative magnitude, and that
of an absolute magnitude. The Earth’s Moon, relatively so
large.(1816 miles in diameter), is absolutely smaller than all
four of Jupiter’s satcllites (3104, 2654, 2116, and 1900 miles
in diameter). The sixth satellite of Saturn differs very little
in magnitude from Mars (3568 miles).® If the problem of
telescopic visibility depended only upon the diameter, and was
not at the same time determined by the proximity of the
discs of the primaries, the great distance and the nature of
the reflecting surfaces, it would be nceessary to consider as
the smallest of the secondary planets, the first and sccond of
‘ Saturn’s satellites (Mimas and Enceladus), and the two satel-
lites of Uranus; but it is safer to represent them merely as
the smallest luminous points. It has hitherto appeared more
certain that upon the whole, the smallest of all planetary
bodies (primaries and satellites), are to be found among the
small planets.® .
The density of the satellites is by no means always less
than that of their primaries, as is thc casc with the Earth’s
Moon (whose density is only 0619 of that of our Earth)-and
the third satellite of Jupiter. The denscst of this group of
aatellites, the second, is even denser than Jupiter himself,
while the third and largest appears to be of equal density
with the primary. The masses also do not increase in at all'
the same ratio as the distances. It the planets have been
formed from revolving rings, then the greater or less dense
aggregation round a nucleus must have been caused by

® Outlines, § 548.

® See Miidler's attempt to estimate the diamcter of Vesta
(264 geoﬁplucul miles) with a thousand-fold megnifying
power in his Asironomte, p. 218.

<
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peculiar causes, which may, perhaps, always remain unknown
to us.

"The orbits of the secondary planets which belong to the
same group, have very different degrees of excentricity. In
the Jovial system, the orbits of the first and second satellites
are nearly circular, while the cxcentricitics of those of the
third and fourth satcllites amount to 0:0013 and 0:0072. In
the Saturnian system, the orbit of the satcllite nearest to the
primary (Mimas), is considerably more excentric than the
orbits of Enceladus and Titan, the largest and first discovered, .
whose orbit was so accuratcly determined by Bessel. The
excentricity of the orbit of the sixth satellite of Saturn, is
only 002922. According to all these data, which are among
those that may be relied upon, Mimas only is more excentrie *
than the Earth’s Moon (0°05484); the latter possesses the’
peculiarity that its orbit round %the Earth has a greater
excentricity, in comparison with that of its primary, than
any other satellite. Mimas revolves round Saturn in an orbit
whose excentricity is 0-068, while that of the orbit of its
primary is 0-056; but the orbit of our Moon has an
excentricity of 0:054, while the excentricity of that of the
Earth is only 0-016. With regard to the distances of the
satellites from their primaries, compare Cosmos, vol. .i.
Ppp. 78-83. The distance of the satellite nearest to Saturn
(Mimas), is now no longer taken as 80,088 geographical
miles, but as 102,400; whence its distance from the ring, this
being calculated as 24,188 miles broad, and at a distance of
18,376 miles from the surface of the planet, will be 28,000
miles.® Remarkable anomalies, together with a certain
correspondence, are also presented in the position of the
orbits of the satellites in the Jovial system, in which very

® In the earlier data (Cosmos, vol. i. p. 82) the equatorial
diameter was taken as a basis.
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-nearly all the satellites move in the plane of the equator of
their primary. - In the group of Saturnian satellites, seven of
them revolve almost in the plane of the ring, while the outer-
most (the eighth, Japetus) is inclined towards their plone
12° 14

In this general consideration of the planetary revolutions
in the universe, we have descended from the higher,—though
probably not the highest® system,—from that of the Sun to
the subordinate partial systems of Jupiter, Saturn, Uranus,
and Neptunc. In the same way that from the striving
towards gencralization of vicws, which is innate in thoughtful,
and at the same time imaginative men, the unsatisfied cosmical
presentiment of a translatory motion® of our solar system

“through space, appears to suggest the idea of a higher rela-
tion and subordination; so the possibility has been conceived
that the satellites of Jupiter may be again central bodies to
other secondary ones, which, on account of their smallness,
are unseen. In that case the individual members of the
partial systems, which are chicfly situated among the group
of exterior principal planets, would have other and similar
partial systems subordinate to them. Repetitions of form in
recurring organizations, as well as the sclf~crcated images of

" the fancy, are certainly pleasing to a systematic mind; but
in every serious investigation, it is imperatively necessary to
distinguish between the idcal and the actual Cosmos; between
the possible, and that which has been discovered by actual
observation.

® Compare Cosmos, vol. iii. p. 267°

® T have fully treated of the translatory motion of the Sun
in the delineation of nature. (Cosmos, vol. i. pp. 134-139,
Compare also vol. iii. p. 251.) .
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@PECTAL ENUMERATION OF THE PLANETS AND THEIR
MOONS, .AB PARTS OF THE SOLAR SYSTEM.

It is, as I have already often remarked, the especial object
of & physical description of the world, to bring together all
the important and well-established numerical results which
have been obtained in the domain either of sidereal or terres-
trial phenomena up to the middle of the ninctcenth century.
All that has form and motion should herc be represented as
something already created, existing, and definite. The grounds
upon which the obtained numerical results are founded; the
cosmological conjectures respecting genetic developement,
which during thousands of years have been called into exist-
ence by the ever-changing conditions of mecchanical and
physical knowledge:—these do not, in the strictest scnse of
the word, come within the range of empirical investigation.
(Cosmos, vol. i. pp. 27-29, 54, and 67.)

Tae Sux.

‘Whatever rclates to the dimensions, or to the present views
as to the physical constitution of the central body, has been
already given. (Cosmos, vol. iv. pp. 359-401.) It only remains
to add in this place some remarks, according to the most recent
observations, upon the red figures and masses of red clouds,
which were specially treated of at page 874. The important
phenomena which the total eclipse of the Sun of July 28, 1851,
presented in Eastern Europe, have still more strengthened
the opinion put forward by Arago, in 1842, that the red

-revuntain—or cldud-like prq;mwm upon the edge of the
. VOL. IV,
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eclipsed Sun, belong to the outermost gaseous envelope of
the central body.! These projections beeame visible on the
Moon’s western edge as it proceeded in its motion towards
the east (Annuaire du DBurcau des Longitudes for 1842,
P. 457); and disappeared again when they were covered on
the opposite by the eastern edge of the Moon.

On a subsequent occasion the intensity of the light of
these projections became so considerable, that they could be
perceived within the corona through telescopes, when veiled
by their clouds, and even with the naked eye.

The form of some of the projections, which were mostly
ruby or peach-coloured, changed with perceptible rapidity
during the total obscuration; one of these projections appeared
to be curved at its summit, and presented to many observers
the appearance of a freely suspended detached cloud,® near the
point, and rescmbling a column of smoke curved back at the
top. The height of most of these projections was estimated
at from 1’ to 2.; at one point it is said to have been more,
Besides these tap-formed projections, from three to five of
which were counted, there were also observed riband-like
streaks of a carmine colour, cxtended lengthways, which
appeared to rest upon the Moon, and were often scrrated.?

1 Cosmos, vol. iii. p. 388. Notes 19 and 20.

8 Compare the observations of the Swedish mathematician,
Bigerus Vasscnius, at Gottenburg, during the totul eclipse of
Muy 2, 1733, and the commentary upon them by Arago, in
the Annuaire du DBureau des Longitudes, for 1846, pp. 441
and 462. Dr. Galle, who observed on the 28th of July at
Frauenburg, saw ** the freely suspended cloud connected with
the curved, hook-formed gibbosity by three or more threads.”

8 Compare what a very expert obscrver, Captain Bérard,
saw at Toulon upon the 8th of July, 1842. 11 vit une bande
rouge trés mince, dentelée irréguliérement.” (Annuaire du
Bureau des Longitudes. p 416.) *Hc saw a very narrow sel
band irregularly serrated.” ¢
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That part of the Moon's edge which was not projected
upon the Sun's disc again became perceptible, especially
during the egress.¢

¢ This outline of the Moon, clearly perceived by four
observers during the total eclipse of the Sun on the 8th of
July, 1842, was never previously described as having been
seen during similar eclipses. The possibility of sceing an
exterior outline, appears to depend upon the light which is
given by the third outcrmost envelope of the Sun and the
ring of light (corona). ¢ La Lune sc projette en partie sur
Patmosphere du Soleil. Dans la portion de la lunette od
I'image de la Lune se forme, il n'y a que la lumiére provenant
de 'atmosphére terrestre. La Lune ne fournit rien de sen-
sible, et, scmblable & un écran, elle arréte tout ce qui provient
de plus loin ct lui correspond. En dchors de cette image, et
précisément a partir de son bord, le champ est éclairé d la_fois
la lumiére de I'atmosphére terrestre et par la lumiére de
"atmosphére solatre. Supposons que ces deux lumiéres
réunies forment un total plus fort de 3% que la lumiére atino-
sphérique terrestre, ct, dés cc moment, le bord de la Lune sera
visible. Ce genre de vision peut prendre le nom de vision
negative; c’est en cffet par une moindre intensité de la portion
du champ de la lunette od existe I'image de la Lune, que le
coufour de cette image est apergu. Si I'image était plus
tntense que le reste du champ, la vision serait positive.”—
Arago, Annuaire du Bureau des Longitudes, p. 384, *The
Moon is projected partially upon the atmosphere of the Sun.
In that portion of the telescope where the image of the Moon
is formed, no other light enters cxcept that of the terrestrial
atmosphcere. The Moon gives no sensible light, and like a
screcn, it siops all that which comes from beyond and corre-
sponds with it. Outside the image, and immediately round
its cdge, the ficld is lighted simultaneously by the light of the
terrestrial atmosphere, and by tkat of the solat atmosphc:e.
If we suppose that these two lights collectively. are g stronger
than the light of the terrestrial atmosphere, the Moon’s edge
will be directly visible. Thiskind of vision may be designated
a negative vision, for it is in fact by the less inlensity of that
sortion of the fiell of the telescope in which is the image of the

N 2
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A group of Sun-spots was visible, though some minutes -
distant from the edge of the Sun, where the largest red, hook-
formed projection was developed. On the opposite side, not
far from the fceble eastern projection, there was also a Sun-
spot near the edge. It is scarcely possible that these funnel-
shaped depressions can have furnished the material constitut-
ing the red gascous exhalations, on account of the distance
above-mentioned; but as the whole surface of the Sun appears
to be covered with pores, perhaps the most probable con-
jecture is, that the same emanation of vapour and gas, which
rising from the body of the Sun forms the funnels,® pours
through these which appear to us as Sun-spots, or smaller
pores, and when illuminated present the appearance of red
columns of vapour, and clouds of various forms in the third
envelope of the Sun.

MEercury.

‘When it is remembered how much the Egyptians® occupied
themsclves with the planet Mercury (Sct-Horus), and the
Indians with their Buddha,’ since the carliest times; how,
under the clear heaven of Western Arabia, the star-worship
of the race of the Asedites® was cxclusively directed to Mer-
cury; and, moreover, that Ptolemy was able, in the 19th
book of the 4lmagyest, to make usc of fourteen obscrvations
of this planet, which reach back to 261 years before our era,

Moon, that the outline of this image is pcreeptible. If this
image were more intense than the remaining part of the field,
the vision would be positive.” (Compare also on this subject,
Cosmos, vol. iii. p. 71. Note 19.)

8 Cosmos, vol. iv. pp. 365-371.

¢ Lepsius, Chronologie der Lgypter, Th. i. pp. 92-96.

¥-Cosmos, vol. iv. p. 410, note 13.

¢ Cosmos, vol. ii. p. 592. o
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and partly belong to the Chaldeans;® it is certainly astonishing
that Copernicus, who had reached his seventicth year, should
have lamented, when on his decath-bed, that with all his
endeavours, he had never scen Mercury. Still the Greeks!?
justly characterized this planet by the name of (s7/ABws) the
sparkling, on account of its occasionally very intense light.
It presents phases (variable form of the illuminated part of
the disc) the sanfc as Venus, and, like the latter, appears to
us as a morning and evening star.

Mercury is, in his mecan distance, little more than 32 millions
of geographical miles from the Sun, exactly 0-3870938 parts
of the mean distance of the Farth from the Sun. On account
of the great excentricity of his orbit (0:2056163) the distance
of Mercury from the Sun in perihelion is 25 millions, in
aphelion 40 millious of miles. Ile completes his revolution
round the Sun in 87 mean terrestrial days and 23h. 15m. 46s.
Schroter and Harding have estimated the rotation at 24h. 5m.
from the uncertain obscrvation of the form of the southern’
cusp of the crescent, and from the discovery of a dark streak,
which was darkest towards the east. )

According to Bessel's determination on the occasion of the
transit of Mercury on May 5, 1832, the true diamcter amounts
to 2,684 geographical miles," <. e. 0-391 parts of the Earth's
diameter.

® Lalande, in the M¢m. de U'Acad. des Sctences for 1766,

p- 498; Delambre, Iistoire de U Astron. ancienne, tom. ii.
. 320.
Py Cosmos, vol. iv. p. 409,

1 On the occasion of the transit of Mercury, on the 4th of
May, 1832, Midler and William Beer (Beitrige zur gl’cyl;
Kenntniss der himmlischen Kbrper, 1841, p. 145) found the
diameter of Mercury £,332 miles; but in the edition of the
Astronomte of 1849, Midler has given the preference to
Besscl's result, .
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The mass of Mercury was determined by Lagrange upon
very bold assumptions as to the reciprocity of the relations of
distances and densities. A meansof improving this element was
first afforded by Encke's Comet of short period of revolution.
The mass of this planet was fixed by Encke at zgg3yyy of the
Sun’s mass, or about y1. of the Earth’s, Laplace® gave the
mass of Mercury as 55355y according to Lagrange; but the
true mass is only % of that assigned by Lagrange. By this
correction also, the previous hypothesis of the rapid increase
of density in the planets in proportion as they were nearer to
the Sun, was disproved. 'When, with Hansen, the material
contents of Mercury are assumed to be &5 those of the
Earth, the resulting density of Mercury is 1-22. *These
determinations,” adds my fricnd, the author of them, *‘are
to be considered only as first attempts, which, nevertheless,
come much nearer the truth than the numbers assumed by

B Laplace, Erposition du Sysf. du Monde, 1824, p. 209.
The celebrated author admits, however, that in the determi-
nation of the mass of Mercury, he founded his opinion upor
the “hypothése trés précaire qui suppose les densités de
Mercure et de la Terre réciprogues 4 leur moyenne distance
du Soleil.” ¢ The very precarious hypothesis which supposes
the densities of Mcrcury and the Earth reciprocal to theiy
.mean distance from the Sun.” I have not considered i,
necessary to mention cither the chain of mountains, 61,826’
feet in height, which Schréter states that he saw upon the
disc of Mercury and measured, and which Kaiser (Sternen-
hsmmel, 185(;],:§ 57) doubts the cxistence of; or the visibi-
lity of an atmosphere round Mercury during his transit over
the Sun, asserted by Lemonnier and Messier (Delambre, Hist?.
de U Asironomie au dizhuitiéme siécle, p. 222), or the tem
rary darkening of the surface of the planet. On the occasion
of the transit which I observed in Peru on the 8th of
November, 1802, I very closely examined the outline of the
planet during tho egress, but observed no indications of an.
envelope. .
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Laplace.” Ten years ago the density of Mercury was taken
a8 nearly three times greater than the density of the Earthe
as 2'56 or 294, when the Earth = 1-00,

VEXUS.

The mean distance of this planet from the Sun, expressed
‘in fractional parts of the Earth's distance from the Sun, 2. e.
60 million geographical miles, is 0'7233317. The period of
its sidereal, or true revolution, is 224 days, 16h. 49m. 7s.
No principal planct comes so near the Earth as Venus. She
can approach the Earth to within a distance of 21 million
miles; but can also recede from it to a distance of 144 million
miles. This is the reason of the great variability of her
apparent diameter, which by no means alone determines the
degrec of brilliancy.®® The excentricity of the orbit of Venus

B «That point of the orbit of Venus in which she can
appear to us with the brightest light, so that she may be scen
at noon even with the naked eye, lies between the inferior con-
junction and the greatest digression near the latter, and near
the distance of 40° frog the Sum, or from the place of the
inferior conjunction. On the average, Venus appears with
the finest light when distant 40° east or west from the Sun,
in which case her apparent dinmeter (which in the inferior
conjunction can increase to 66") is only 40%, and the greatest
breadth of her illuminated phase measurcs scarcely 10”. The
degree of proximity to the Earth then gives the small lumi-
nous crescent such an intense light, that it throws shadows in
the absence of the Sun.”—Littrow, Theorstische Astronomie,
1834, Th. ii. p. 68. Whether Copernicus predicted the
necessity of a future discovery of the phases of Venus, us is
asserted in Smith's Optics, sec. 1050, and repeatedly in many
other works, has recently become altogether doubtful, from
Professor de Morgan's strict examination of the work de
Revolutiomibus, as it has come down to us.—See the letter
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expressed, as in all cases, in fractional paris of half the
major axes, is only 0:00686182. The diameter of this planet
is 6,776 geographical miles; the mass zgyysy, the material
contents 0-957, and the density 0'94 in comparison to the
Earth.

Of the transits of the two inferior planets first announced by
Kepler after the appearance of his Rudolphine tables, that of
Venus is of most importance for the theory of the whole
planetary system, on account of the determination of the Sun’s
parallaz, and the distance of the Earth from the Sun deduced
from the latter. Accordingto Encke's thorough investigation
of the transit of Venus in 1769, the Sun's parallax is 8"57116.
(Berliner Jahrbuch for 1852, p. 323.) A new cxamination
of the Sun’s parallax has been undertaken since 1849, by
command of the Government of the United States, at the
suggestion of Professor Gerling of Marburg. The parallax
is to be obtained by means of obscrvations of Venus near the
eastern and western stationary points, as well as by micro-
meter measurements of the differences in the right ascension
and declination of well-determined fixed stars in very different
latitudes and longitudes. (Schum. Astr. Nachr. No. 599,
p- 363, and No. 613, p. 193.) The astronomieal expedi-
tion, under the command of the leadhed Lieutenant Gilliss,
has proceeded tc Santiago in Chili.

The rotation of Venus was long subject to great, doubt.
Dominique Cassini, 1669, and Jacques Cassini, 1732, found
it 23h. 20m., while Bianchini® of Rome, 1726, assumed the

from Adams to the Rev. R. Main, on the 7th of September,
1846, in the Report of the Royal Astronomical Society, vol. vii.
No. 9, p. 142. (Compare also Cosmos, vol. ii. p. 708.)

¥ Delambre, Hist, de IAsiron. au dizhuitiéme siéole,
pp. 256-258. The result obtained by Bianchini, was eup-
ported by Husscy and Flaugergues; Hansen also, whose
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slow rotation of 24} days. More accurate observations by
De Vico, from 1840 to 1842, afford, by means of a great
number of spots upon Venus, as the mean value of her period
of rotation, 23h. 21’ 21"°93.

These spots are not very distinct, and are mostly variable ;
they seldom appear at the boundary of the separation between
light and shadow in the crescent-shaped phase of the planet,
and both the IIérschels, father and son, are, consequently, of
opinion that they do not belong to the solid surface of the
planet, but more probably to an atmosphere.”® The change-
able form of the horns of the crescent, especially the southern,
has been taken advantage of by La Hire, Schréter, and Midler,
partly for the estimation of the height of mountains, partly
and more especially for the determination of the rofation.
The phenomena of this changeability are of such a nature
that they do not require for their explanation the assumption
of the existence of mountain-peaks, twenty geographical miles
in height (121,520 feet), as Schroter of Lilienthal stated, but
mercly elevations like those which our planet presents in

authority is justly so great, considered it to be the more
p'robal;le until 1836, (Schumacher's Jakrbuck for 1837,
p- 90.

B Arago on the remarkable observation at Lilienthal on
the 12th of August, 1700, in the .dnnuaire for 1842, p. 539.
(““Ce qui favorise aussi la probabilité de l'existence d'une
atmosphére qui enveloppe Vénus, c'est le résultat optique
obtenu par I'emploi d'unc lumette prismatique. L’intensité
de la lumiére de l'intéricur du croissant est sensiblement
plue faible que celle des points situés dans la partic circulaire
du disque de la planéte.” Arago, Manuscripts of 1847.—
* That circumstance which also favours the probability of
the existence of an atmosphere surrounding Venus, is the
optical result obtained by employing a prismatic telescope.
The intensity of the light of the interior of the crescent is
sensibly weaker than that of the points situated in the cir-
oular part of the planct's dise.”
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both continents.® With the little that we know witlr cer-
tainty of the appearance of the surfaces of the planets near
the Sun, Mercury and Venus, and their physical constitution,
the phenomenon of an ash-coloured light, sometimes observed
in the dark parts, and mentioned by Christian Mayer, William
Herschel,® and Harding, also remains exceedingly myste-
rious. It is not probable that st so great a distance the
reflected light of the Earth should produck an ash-coloured
illumination upon Venus as upon our Moon. IHitherto there
has been no flattening observed in the dises of the two inferior
planets, Mercury and Venus.

Tue EArTH.

The mean distance of the Earth from the Sun is 12,032
times greater than the diameter of the Earth; therefore,
82,728,000 geographical miles, uncertain as to about 360,000
miles (g15). The period of the sidercal revolution of the
Earth round the Sun is 365d. 6h. 9" 10"7496. The excen-
tricity of the Esrth’s orbit amounts to 0-01679226 ; its muss
i8 yyggyy; its density in relatlon to water, 5-44. DBessel's
investigation of ten measurements of degrees, gave for the
flattening of the Earth, 355’53 Thelength of a geographical:
mile, sixty of which are contained in one equatorial degree
951,807 toiscs, and the equatorial and polar diameters, 6875'6“
and 6852+4 geographical miles. (Cosmos, vol. i. p. 157, note.)

¥ Wilhelm Beer and Midler, Beitrige zur Physischen
Kenniniss der Himmlischen Korper, p. 148. The so-called
moon of Venus, which Fontana, Dominique Cassini, and Short
declared that they had seen, for which Lambert calculated
tables, and which was said to have been scen in the centre of
the Sun’s disc, full three hours after the egress of Venus,
belongs to the astronomical myths of an uncritical age. -
B Philos. Transact. 1795, vol. lxxxvi. p. 214.
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We restrict ourselves here to numerical data referring
to the Earth’s figure and motions: all that refers to its
physical constitution is deferred until the concluding terres-
trial portion of the Cosmos.

TuEe Moox oF TnE EArTm,

The mean distance of the Moon from the Earth is 207,200
geographical miles; the period of sidercal revolution is 27d.
7h. 48’ 11”5; the excentricity of her orbit, 00548442 ; her
diameter is 1816 geographical miles, nearly one-fourth of the
Earth’s diamecter; her material contents ' those of the
Earth ; the mass of the Moon is, according to Lindeman,
+755 (according to Peters and Schidloffsky, ;) of the mass
of the Earth, her density 0-619, therefore neariy three-fifths
of the density of the Earth. The Moon has no perceptible
flattening, but an extremely elight prolongation on the side
towards the Earth, estimated theoretically. The rotation of
the Moon upon its axis is completed exactly in the same time
in which it revolves round the Earth, and this is probably
the casc with all other secondary plancts.

The suunlight rcflected from the Moon is in all zones more
feeble than the sunlight which is reflected by a white cloud in
the daytime. When in determining geographical longitudes
it is often neccssary to take the distance of the Moon from
the Sun, it is not unfrequently difficult to distinguish the
Moon between the more inten:ely luminous masses of cloud.
Upon mountain-heights, which lie between 12,791 and 17,057
feet above the level of the sea, and where in the clear monn.
tain air only feathery cirri are to be seen in the sky, 1 found
the detection of the Moon’s disc was much more easy, because
the cirrus reflects less sunlight on account of its loose tex-
ture, and the mponlight is less weakened by its passage
through the rarer strata of air. The relative degree of in.
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tensity of the Sun’s light to that of the full Moon deserves a
new investigation, as Bouguer’s universally reccived deter-
mination geksp. differs so widely from the certainly less
Pprobable one of Wollaston, ¢z¢sss-®

The yellow moondight appears white by day, because the
blue strata of air through which we sce it present the com-
plementary colour to yellow.” According to the numerous
observations which Arago made with his' polariscope, the
moonlight contains polarized light; it is most perceptible
during the first quarter and in the grey spots of the Moon's
surfuce ; for example, in the great, dark, sometimes rather
greenish walled plains, the so-called Mare Crisium. Such
walled plains are generally intersected by mountain veins,
in whose polyhedric figure the surfaces are inelined at
that angle which is necessary for the polarization of the
reflected sunlight. The dark tint of the surrounding space
appears in addition to make the phenomenon still more obvious.
With regard to the luminous central mountain of the group
Aristarchus, upon which it has been frequently erroneously
supposed that volcanic action has been scen, it did not presént
any greater polarization of light than other parts of the
Moon. 1nthe full Moon no admixture of polarized light was
obscrvable ; but during a total cclipse of the Moon (31st of

¥ Cbsmos, vol. iii. p. 126 and note.

¥ «La lumiére de la Lunc est jaune, tandis que celle de
Vénus est blanche. Pendant le jour la Lune parait blanche,
parcequ’a la lumiére du disque lunairc s¢ méle la lumiére
bleue de cette partie de I'atmosphére que la lumiére jaune
de la Lune traverse.”—(Arago, in Handschr. of 1847), * The
light of the Moon is yellow, while that of Venus is white.
The Moon appears white during the day, because the blue
light of that part of the atmosphere which the yellow light of
the Moon traverses, mixes with the light of the lunar dise.”
The most refrangible rays of the spectrum, from blue to violet,
unite with the less refrangible, from red o green, to form
white, (Cosmos, vol, iii. p. 282, note 19.)
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May, 1848), Arago detccted indubitable signs of polarization
in the reddencd disc of the Moon, the latter being a pheno-
menon of which we shall speak further on. (Comptes rendus,
tom. xviii. p. 119.)

That the moonlight is capable of producing heat is a dis-
covery which belongs. like so many others of my cclebrated
friend Melloni, to the most important and surprising of our
century. Afler many fruitless attempts, from those of La
Hire to the sagacious Forbes,® Meclloni was fortunate
enough to observe by means of a lens (lentille @ échellons) of
three feet in diameter, which was destined for the metcoro-
logical station on Vesuvius, the most satisfactory indications
of an clevation of temperature during different changes of
the Moon. Mosotti-Lavagna and Belli, professors of the
Universities of Pisa and Pavia, were witnesses of these ex-
periments, which guve results differing in proy  ctiou to the age
and alritude of the Moon. It had not at that time (Summer,
1848) been determined what the clevation of temperature,
produced by Melloni's thermoscope, expressed in fractionul
parts of the centigrade thermometer, amounted to.®

® Forbes, On the Refraction and Polarization of Hea:,in the
Transact. of the Ruyal Society of Edinburgh, vol. xiii. 1836,

. 131,
P Lettre de M. Melloni & M. Arago sur la puissance
calorifique de la lumiére de la Lune, in the Comptes rendus,
tog. xxii. 1846, pp. 541-541. Compare also on account of
the historical data the Jakresbericht der Physicalischen Gessell-
s:ll;;izﬂ zu Berlin, Bd. ii. p. 272. It had always appeared
sufficicntly remarkable to me that from the earliest times,
when heat was determined only by the sense of feeling, i.e
Moon had first excited the idea that light and heat might be
separated. Among the Indians the Moon was called, in
Sanscrit, the King of the stars of cold ('sitala, hima), also the
cold-radiating (hmdn’su), while the Sun was called a creator
of heat (niddghakgra)., The spots upon the Moon, in which
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The ash-grey light with which a part of the Moon’s dise
shines when, some days before or after the new Moon, she
presents only a narrow crescent, illuminated by the Sun, is
earth-light in the Moon, “the reflection of a reflection.”
The less the Moon appears illuminated for the Earth, so much
the more is the Earth luminous for the Moon. But our
planet shincs upon the Moon with an intensity 13§ times
greater than the Moon upon the Earth; and this light is
sufficiently bright to become again perceptible to us by a
second reflection. By means of the telescope, mountain-peaks
are distinguished in the ask-grey light of the larger spots
and isolated brightly-shining points; even when the disc is
already more than half illuminated.® These phenomena
become particularly striking between the tropics and upon
the high mountain-plains of Quito and Mexico. Since the
timg of Lambert and Schréter the opinion has become pre-
valent that the extremely variable intensity of the ash-grey

'Westem nations supposed they discerned a face, represent,
according to the Indian notion, a roecbuck or a hare; thente
the Sanscrit name of the Moon (mrigadhara), rocbuck-bearcr,
or (‘sa’sabhrit), hare-bearer. (Schitz, Five Hymns of the
Bhatti- Kdvya, 1837, t{: 19-23.) Among the Greeks it was
complained ¢ that the sunlight reflected from the Moon
should lose all heat, so that only fecble remains of it were
transmitted by her.” (Plutarch, in the dialogue * De fucia
que in orbe Lunce apparet, Moralia, ed. Wyttenbach, tom. iv.
Ozxon. 1797, p. 793). In Macrobius (Comm. in Somniug
Scip. 1. 19, ed. Lud. Janus, 1848, p, 105) it is said: “ Luna
speculi instar lurmen quo illustratur.......rursus emittit, nullum
tamen ad nos preferentem sensum caloris : quia lucis radius,
cum ad nos de origine sua, id est de Sole, pervenit, naturam
secum ignis de quo nascitur devchit; cum vero in Lunee
corpus infunditur et inde resplendet, solam refundit claritatem,
non calorem.” The same in Macrobius, Saturnal. lib. viie
cap. 16, ed. Bipont. tom. ii. p. 277.
® Midler, dstron. § 112.
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light of the Moon depends upon the greater or less degree of
reflection of the sunlight which falls upon the Earth, accord-
ing as it is reflected from continuous continental masses, full
of sandy descrts, grassy steppes, tropical forests, and barren
rocky ground, or from large ocean surfaces. Lambert made the
remarkable observation (14th of February, 1774) of a change of
the ash-coloured gpoonlight into an olive green colour, border-
ing upon ycllow. ¢The Moon, which then stood vertically
over the Atlantic Occan, received upon its night side the
green terrestrial light, which is reflected towards her when
the sky is clecar by the forest districts of South America.”*
The mcteorological condition of our atmosphere modifies
the intensity of the earth.-light, which has to traverse the
double course from the Ilarth to the Moon, and from thence
1o our eye. *“Thus when we have better photometric instru-
ments at our command we may be able,” as Arago remarks, %

B Sce Lambert, Sur la Lumitre Cendrée de la Lune in the
Mim. de U Acad. de DBerlin, année 1773, p. 46: * La Terre,
vue des planétes, pourra paroitre d’'unc lumiére verdatre, &
peu prés comme Mars nous paroit d'une couleur rougedtre.”
** The Karth, seen from the plancts, may appear of a green
colour, much the same as Mars affords to us of a reddish
colour.” We will not, however, on that account, conjecture
with this acute man, that the planet Mars may be covered
with a red vegetation such as the rose-red bushes of
Bougainvillaca. (Humboldt, Views of Nafure, p. 334.)
“When in cntral Europe the Moon, shortly before the new
Moon, stands in the castern heavens during the morning
hour, she receives the carth-light principally from the large
51{nwau surfaces of Asia and Africa. But if after the new

oon it stands during the evening in the west, it can oniy
receive the reflection in less quantities from the narrower
American continent, and principally from the wide ocean.”
Wilhelm Beer and Madler, der Mond nach seinen Cosmischen
Verhdlinissen, § 106, p. 152.

% Séunce de UMlcadémie des Sciences, le 5 Aoiit, 1833,
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“to read in the Moon the history of the mean condition of
the diaphanity of our atmosphere.” The first correct expla~
nation of the nature of the ash-coloured light of the Moon 18
ascribed by Kepler (ad Vitellionem Paralipomena, quibus,
Astronomie pars optica traditur, 1604, p. 254) to his highly
venerated teacher Mistlin, who had made it known in a
thesis publicly defended at Tiibingen in 1596. Galileo spoke
(Sidereus Nuncius, p. 26) of the reflected terrestrial light,
as a phcnomenon which he had discovered several years

“M. Arago signalc la comparaison de I'intensité lumineuse
de la portion de la Lune que les rayons solaires éclairent
directement, avec celle de la partic du méme astre qui
regoit seulement les rayons réfléchis par la Terre. Il croit
d’aprés les expériences qu'il a déja tentées 4 cet égard,
qu'on pourra, avec_des instrumens perfectionnés, saisir dans
la lumiére cendrée les differences de 1'éclat plus ou moins
nuageux de I'atmosphére de notre globe. Il n'est done pas
impossible, malgré tout ce qu’un pareil résultat cxeiterait de
surprise au premicr coup d'eil, qu'un jour les météorologistes
aillent puiser dans I'aspect de la Lune des notions précieunses
sur U'état moyen de diaphanité de I'atmosphére terrestre, dans
les hemisphéres qui successivement concourrent i la produe-
tion de la lumiére cendrée.”—“ M. Arago pointed out the
oom}ﬁrison between the luminous intensity of that portion of
the Moon which is illuminated directly by the solar rays,
and that portion of the same body which receives only the
rays reflected by the Earth. After the experiments which .
he has already made in refercnce to this subject, he is of
opinion that with improved instruments it will be possible o
detect in the ashy light indications of the differences in
briﬁleltnesa, more or less cloudy, of the atmosphere of our
globe. It is not thercfore impossible, notwithstanding the
surprise which such a result may excite on the first view, that
one day meteorologists will derive valuable ideas as to the
mean atate of the diaphanity of our atmosphere in the hemis-
pheres which successively contribute to the production of the

ashy light.”
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previously; but a century before Kepler and Galileo, the
explanation of terrestrial light visible to us in the Moon, ha .
Aot escaped the all-cmbracing genius of Leonardo da Vinei.
His long-forgotten manuscripts furnished a proof of this.»
In the total cclipse of the Moon, the disc very rarcly.dis-
appears entirely ; it did so, according to Kcpler's carliest
observation,® on the 9th of Deccember, 1601, and more
recently, on the 10th of June, 1816; in the latter instance
80 as not to be visible from London, even by the aid of
telescopes. The cause of this rare and extraordinary phe-
nomenon must be a peculiar and not sufficiently investigated
diaphanic condition of individual strata of our atmosphere.
Hevelius states distinetly that during a total cclipse, on the
25th of April, 1642. the sky was covered with brilliant stars,
the atmosphere perfectly clear and yet with the diffcrent
magnifying powers which he employed, not a vestige of the
Moon could be scen. *In other cases, likewise very rare,
only scparate parts of the Moon are fecbly visible. During
a total cclipse, the dise generally appears red ; and, indeed,
in all degrees of intensity of colour, cven passing, when the
Moon is far distant from the Earth, into a fiery and glowing
red. While Iving at anchor off the island of Baru, not far
from Carthagena de Indias, half a century ago (29th of
March, 1801), I observed a total eclipse, and was extremely
struck with the greater luminous intensity of the Moon’s dise
under a tropical sky than in my native north.¥ The whole

¥ Venturi, Essai sur les Ouvrages de Leonard de Vinci

1797, p. 11. .
3 Kepler, Paralip. vel Astronomie pars optice, 1€04,

. 297.

P “On congoit que la vivacité de la lumiéfe rouge ne
dépend par uniquement de 1'état de I'atmosphére, qui réfracte,
us ou moins affaiblis, les rayons solaires, en les enfléchissant
le cone d’ongbre, mais qu'elle est modifice surtout par lu

VOL. 1V. . o
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phenomenon is known to be a consequence of refraction,
since, a8 Kepler very correctly expresses himself (Paralip.
Astron. pars Oplica, p. 893), the Sun’s rays are inflected

transparence variable de la partic de I'atmosphére & travers
laquelle nous apercevons la Lune éclipsée.  Sous les tropiques,
une grande sérénité du ciel, une dissémination uniforme des
vapeurs diminuent I'extinction de la lumiére que le disque
lunaire nous renvoie.”-—Humboldt, "oyage auz Régions FEqui-
noziales, tom. iii. p. 544; and Recueil d Observ. Astrono-
migues, vol. ii. p. 145. *¢ It may casily be understood that the
intensity of the red light does not depend solely upon the
state of the atmosphere which refracts more or less feebly the
solar rays by inflecting them into the shadow cone, but that it
is especially modificd by the variable transparency of that
{;ﬂ of the atmosphere across which we perceive the eclipsed

oon. Under the tropics a great serenity of sky, an uniform
dissemination of vapours, diminish the extinction of the light
which the lunar disc sends towards as.” Arago observes:
¢ Les rayons solaires arrivent & notre satellite par Ueffet d’une
réfraction et 3 la suite d'une absorption dans les couches les
plus bases de I'atmosphére terrestre ; pourraient-ils avoir une
autre teinte que le rouge!”—dAnnuaire for 1842, p. 528.
¢ The solar rays reach our planct by the effect of a refraction,
and subsequently to an absorption (partial) in the lower
strata of the Furth’s atmosphere. How can they have any
other colours than red ?”

1 Babinet declares the reddening to be a consequence of
diffraction, in & memoir as to the different share of the white,
blue, and red lights which are produced by the inflection;
see his Reflections upon the Total Eclipse of the Moon on
the -19th of March, 1848, in Moigno's Reépertoire d’ Oplique
Moderne, 1850, tom. iv. p. 1656. ** La lumiére diffractée qui
pénétre dans 'ombre de la Terre, prédomine toujours et
méme a été scule sensible. Elle est d’autant plus rouge ou
orangée qu'elle se trouve plus prés du centre de I'ombre
géométrique; car se sont les rayons les moins réfrangibles
qui se propagent le plus abondamment par diffraction; &
mesure quon &'éloigne de la propagation en ligne droite.”—
«The diffracted light which penetrates ‘ato the Earth's
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" by. their passage through the atmosphere, and thrown inte
the shadow cone. The reddened or glowing disc is moreover
never uniformly coloured. Some places always appear
darker, and are at the same time continually changing colour.
The Greeks had formed a peculiar and curious theory with
respect to the different colours which the eclipsed Moon was
said to present according to the hour at which the-. eclipse
took place.®

shadow, always predominated, and was indeed alone sensible.
It was the more red or orange, in proportion as it was nearer
to the geometrical centre of the shadow; for those rays
which are least refrangible are those which are propagated
most abundantly by diffraction, in proportion as they differ
from a rectilincar course.” The phcnomena of diffraction
take place as well in a vacuum, anccording to the acute inves-
tigations of Magnus (on the occasion of a discussion between
Airy and Faraday). Compare, in reference to the explana-
tions by diffraction in general, Arago in the A4nrnuaire for
1846, p. 452-455. .

.® Plutarch (De Facie in orbe Luna), Moral. ed. Wytten.
tom. iv. p. 780-783: * The fiery, charcoal-like glimmering
(dvfpaxoeidys) colour of the eclipsed. Moon (ubout the mid-
night hour) is, as the mathematicians affirm, owing to the
change from black into red and bluish. and is by no means to

“be considered as a character peculiar to the carthy surface of
the planet.” Also Dio Cassius (Ix. 26, ed. Sturz, p. iii.

. 779), who occupied himself especially with eclipses of the

oon, and the remarkable edicts of the Emperor Claudius,
which predicted the dimensions of the eclipsed portion, directs
attention to the very different colours which the Moon
assumed during the conjunction. He says, (Ixv. 11, tom. iv.
Q’. 185, Sturtz,) * Great was the excitement in the camp of

itellus, in consequence of the eclipse which took place .at
night. The mind was filled with mclancholy apprehensions,
not so much at the eclipse itself, although that might appear
to ‘predict misfortune to an unquiet mind, but much more
from the circumstance that the Moon displayed blood-red,
Mack, and other gloomy colours.”

o2
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During the long dispute as to the probability or impro.
bability of an atmospheric envelope round the Moon, accurate
occultation obscrvations have proved that no refraction takes
place on the surface of the Moon, and that consequently the
assumption made by Schréter® of the.existence of a lunar
atmosphere and a lunar twilight are disproved. - ¢« The com-
parison- of the two values of the Moon's diameter which may
be respectively deduced from direct measurement, or from the
length of time that it remains before a fixed star during the
occultation, teaches us that the light of a fixed star is no¢
perceptibly deflected from its rectilincar course at that moment
in which it touches the Moon's edge. If a refraction took
place at the cdge of the Moon, the sccond determination of
her diameter must give a value smaller by twice the amount
of the refraction than the former; but on the contrary, both
determinations corrcspond so closely in repeated determina-
tions, that mo appreciable difference has ever been de-
tected.”® The ingress of stars, which may be particularly
well observed at the dark cdge, takes place suddenly, and

% Bchréter, Selenotopographischte Fragmente, th. i. 1791,
p- 668; th. ii. 1802, p. 52.

31 Bessel, Ueber cine angenommene Atmosphére des Mondes
in Schumacher’s Astron. Nachr. No. 263. pp. 416-420.
Compare also Beer and Madler, der Monde, § 83 and 107,
pp- 133 and 153; also Arago, in the Annuaire for 1848,
pp. 846-353. 'The frequently mentioned proof of the cxistence
of an atmosphere round the Moon, derived from the greater or
less perceptibility of small superficial configurations and *“ the
Moon-clouds moving round in the valleys,” is the most un-
tenable of all, on account of the continually-varying condition
(darkening and brightening) of the upper strata of our own
atmosphere. Considerations as to the form: of one of the
Moon’s horns on the occasion of the solar-eclipse on the 5th of
September, 1793, induced William Herschel to decide agasnsé
the assumption of a lunar atmosphere. (Philos. Transact.
vol. Ixxxiv. p. 167.) ¢
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without gradual diminution of the star’s brilliancy; just
. 80 the egress or reappearance of the star. In the case of the
few exceptions which have been described, the cause may
have consisted in accidental changes of our atmosphere.

If, however, the Earth’s Moon is destitute of a gascous
envelope, the stars must appear then, in the absence of all
diffuse light, to rise upon a black sky ;® no air-wave can
there convey sound, music, or language. To our imagination,
so apt presumptuously to stray into the unfathomable, the
Moon is a voiccless wilderness.

The phenomenon of apparcent adherence on and within the
Moon’s edge,® sometimes obscrved in the occultation of stars,
can scarcely be considered as a consequence of irradiation,
which, in the narrow crescent of the Moon, on account of the
very different intensity of the light in the ash-coloured part
of the Moon, and in that which is immediately illuminated by
the Sun, certainly makes the latter appear as it surrounding
the former. Arago saw during a total eclipse of the Moon, a
star distinetly adhere to the slightly luminous disc of the
Moon during the eonjunction. It still continues to be a
subject of discussion between Arago and Plateau whether the
phenomenon here mentioned depends upon deeeptive pereep-
tion and physiological causes® or upon the aberration of

8 Madler, in Schumacher's Jakrbuck fir 1840, p. 188,

8 Sir John Herschel (Outlines, p. 247) dircets attention to
the ingress of such double stars as cannot be scen scparately
by the telescope, on account of the too great proximity of the

. individual stars of which they consist.

% Plateau, Sur I Irradiation, in the Mém. de I Acad. Royale.
des Sciences et Belles-Lettres de Bruzelles, tom. xi. p. 112,
and the supplementary volume of Poggendorffs Annalen,
1842, pp. 79-128, 193-232, and 405 and 443. ** The probable

eduse of the irradiation is an irritation produced by the light
upon the retina, and spreads a littlc beyond the outline of the
image.’. ® .
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sphericity and refrangibility of the cve.® Those eases in
which it has been asserted that a disappearance and renp-
pearance, and then a repeated disappearance, have been
observed during an occultation, may probably indicate the
ingress to have taken place at a part of the Moon’s edge
which happened to be deformed by mountain declivities and
deep chasms. '

The great differences in the reflected light from particular
regions of the illuminated dise of the Moon, and especially-
the absence of any sharp boundary between the inner edge of
the illuminated and ash-coloured parts in the Moon’s phases,
led to the formation of several very rational theories as to
the inequalities of the surface of our satcllite, even at a very
remote period. Plutarch says distinctly, in the small but
very remarkable work On the Fuce in the Moon, that we may
suppose the spofs to be partly deep chasms and valleys,
partly mountain peaks, * which cast long shadows, like

B Arago, in the Comptes Rendus, tom. viii. 1839, pp. 713
and 883. Les phénoménes d'irradiation signalés par M.
Plateau sont regurdés par M. Arago comme les effets des
aberrations de refrangibilité et de sphéricité de I'eeil, combinés
avee l'indistinction de la vision, conséquence des circonstances
dans lesquelles les obscrvateurs se sont placés. Des mesurces
exactes prises sur des dirques noirs & fond blanc ct des
disques blancs 4 fond noir, qui étoient placés au Palais du
Luxembourg, visibles a I'observatoire, n’ont pas indiqué les
effets de 'irradiation.” ¢‘The phenomena of irradiation pointed
out by M. Plateau are regarded by M. Arago as the effects
of the aberration of sphericity and refrangibility of the eye,
combined with the indistinctness of vision consequent upon
the circumstances in which the obscrvers are placed. ‘The
exsct measurement taken of the black discs upon a white

yand, and the white dises upon a black ground which were
i upon the palace of Luxembourg, and visible at the
Qbscrvatory, did not present uny phenvweng of irradiation.”
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Wount Athos, whose shadow reaches Lemnos.”* The spofs
tover about two-fifths of the whole disc. In a clear atmo-
sphere, and under favourable, circumstances in the position of
the Moon, some of the spots are visible to the naked eye; the
ridge of the Apennines, the dark walled plain Grimaldus,
the detached Mare Crisium, and Zycho® crowded round with
numerous mountain ridges and craters. It has been affirmed,’
not without proDability, that it was especially the aspect of
the Apennine chain, which induced the Grecks to consider
the spots on the Moon to be mountains, and at the same time
to associate with them the shadow of Mount Athos, which
in the solstices rcached the Brazen Cow upon Lemnos.
Another very fantastic opinion was that of Agesinax, dis-
puted by Plutarch, according to which the Moon's disc wes
supposed, like a mirror, to present to us again., catoptrically,
the configuration acd outline of our continent, and the outer
sea (the Atlantic). A very similar opinion appears to have
been preserved to this time as a popular belicf among the
people in Asia Minor.®

® Plutarch, Moral. ed. Wytten. tom. iv. pp. 786-789. The
shadow of Athos, which was seen by the traveller Pierre
Belon (Observations de singularités trouvées en Gréce, Asie,
ete. 1554, liv. i. chap. 25), reached the brazen cow in the mar-
ket-town Myrine in Lemnos.
¥ Proofs of the visibility of these four objects, see in Beer
and Midler, der Mond, pp. 241, 838. 191. and 290. It is
scarcely nccessary to mention that all which refers to the
topography of the Moon's surface is derived from the excel-
lent work of my two friends, of whom the second, William
,Beer, was taken from us but too carly. The beaut:lul
Utcbersichisblatt, which Madler published in 1837, three years
- pfter the large map of the Moon, consisting of three sheets, is
to be recommended for the purpose of more easily becoming
o.c%tminted with the bearings. . .
- % Plut. De fage in orbe Luna, pp. 726~729,Wyttcn. This
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By the careful application of large telescopes, it has gra-
-dually become possible to construct a topographical chart of
the Moon, based upon actual observations; and since, in the
opposition, thé entire half-side of the Earth’s satellite pre-
sents itself at the same moment to our investigation, we
know more of the gencral and merely formal conncction of
‘the mountain groups in the Moon, than of the orography
of a whole terrestrial hemisphere containing”the interiors of
Africa and Asia. Generally the darker parts of the disc are

passage is, at the same time, not without intcrest for ancient
geography.—See Iumboldt, Examen eritique de I'Hist. de la
Géogr. tom. i. p. 145. With regard to other views of the
ancients, sce Anaxagoras and Democritus, in I'lut. de plac.
Plhilos. ii. 25; Parmenides, in Stob. pp. 419, 453, 516, and
563, ed. Ieeren; Schncider, Ecloye physice, vol. i. pp. 433-
443. According to a very remarkable passage in Plutarch’s
. Life of Nicias, cap. 42, Anaxagoras himself, who calls * the
mountainous Moon another Earth,” had made a drawing of
the Moon's disc. (Compare also Origines, Philosophumeng,
cap. 8, ed. Miilleri, 1851, p. 14.) I was once very much
astonished to hear a very well-cducated Persian, from Ispahan,
who certainly had never read a Greck book, mention, when I
showed him the Moon’s spots in a large telescope in Paris,
the hypothesis of Agesinax, (alluded to in the text,) as to the
reflection, as a widely-diffused populur belief in his country.
¢ What we scc there in the Moon,” said the Persian, “1is
ourselves; it is the map of our Earth.” One of the interlo-
cutors in Plutarch’s Moon-dialogue, would not have expressed
himself otherwise. If it can be supposed that men are inha-
bitants of the Moon, destitute of water and air, the Earth,
with its spots, would also present to them such a map upon a
nearly black sky by day, with a surface fourtcen times greater
than that which the full Moon presents to us, and always in
the same position. But the constantly varying clouds and
obscurities of our atmosphere, would confuse the outlines®of
the continents.—Compare Midler's Astron. p, 169, and Sir
-Jolin Herschel, Outlines, § 436. . :
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the lower and more level; the brighter parts, reflecting much

Sun-light, are the more clevated and mountainous Kepler’s
old description of the two as sea and land, has long been
given up; and the accuracy of the explanation, and the oppo-
sition, was already doubted by Hevel, notwithstanding the
similar nomenclature introduced by him. The circumstance
principally brought forward as disproving the presence of
surfaces of wattr on the Moon, was that in the so-called
seas of the Moon, the smallest parts showed themscelves, upon
closer examination aud very different illumination, to be
completely uneven, polyhedric, and conscquently giving much
polarized light.  Arago has pointed out, in opposition to the
arguments which have been derived from the irregularities,
-that some of these surfaces may, notwithstanding the irregu-
larities, be covered with water, and belong to the bottoms of
seas of no great depth, since the uneven eraggy bottom of the

ocean of our planct is distinetly seen when viewed from a

great height, on account of the preponderance of the light
issuing from below its surface, over the intensity of that
which is reflected from it. (.Annuaire du Burcaw des Lon~
gitudes pour 1836, pp. 339-343.) In the work of my
friend, which will shortly appear, on astronomy and photo-
metry, the probable absence of water upon our satellite will
be deduced from other optical grounds, which cannot be
developed in this place. Among the low plains, the largest
surfaces are situated in the northern and eastern parts. The
indistinetly bounded Oceanus Procellarum, has the greatest
extension of all these, being 360,000 geographical miles.
Connected with the Mare Imbrium (64,000 square miles),
the Mare Nubium, and to some extent with the Afare Humo-
rum, and surrounding insular mountain districts (the Riphei,
Kepler, Copernicus, and the Carpathians), this eastern part of
the Moon's dise prescnts the most decided contrast to the
luminous souh-yestern district, in which mountain is crowded
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upon mountain:® In the north-west region, two basins pre-
sent themselves as being more shut in and isolated, the Mare
Crisium (12,000 square miles), and the Mare Tranguillitatis
(93,200 square miles).

The colour of these so-called seas is not in all cases grey.
The Mare Crisium is grey mixed with dark-green, the Mare
Serenitatis and Mare Humorum are likewise green. Near the
Hercynian mountains, on the contrary, the Molated circum-
vallation Lichtenberg presents a pale reddish colour, the same
as Palus Somnii. Circular surfaces, without central moun-
tains. bave for the most part a dark steel-grey colour, border-
ing upon bluish. The causes of this great diversity in the
tints of the rocky surface, or other porous materials which
cover it, are extremely mysterious. While to the northwards
of the Alpine mountains, a large enclosed plain, Plafo (called
by Hevel, Lacus niger major), and still more Grimaldus in
the equatorial region, and Endymion on the north-west edge,’
are, the three darkest spots upon the whole Moon'’s disc;
Aristarchus, with ‘its somctimes almost star-like  shining
points, is the brightest and most brilliant. All these alter*
nations of light and shade affect an iodized plate, and may be
represented in Daguerreotype by means of powerful magni-
fiers, with wonderful truthfulness. I myself possess such a
moonlight picture of 2 inches diameter, in which the so-called
seas and ring-formed mountains are distinetly perceptible; it
was executed by an excellent artist, Mr. Whipple of Boston.

If the circular form is striking in some of the seas ( Cristum,
Serenitatis, and Humorum). it is still more frequently, indeed
almost univérsally, repeated in the mountainous part of the
disc; especially in the configuration of the enormous moun-
tain-masses which occupy the southern hemisphere from the
pole to near the equator, where the mass runs out in a point.

# Beer and Madler, p. 273, °
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Many of the annular clevations and inclosed plains (according
to Lohrmann the largest are more than 4,000 square miles in
extent) form connected series, and indeed in the direction of the
meridian, between 5° and 40° South Latitude.® The northern
polar region contains comparatively few of these crowded
mountain circles. In the western edge of the northern hemi-
sphere, on the contrary, they form a connected group between
20° and 50° North Latitude. The North Pole itself is within
a few degrecs of the Mare Frigoris, and thus, like the whole
level north-castern space, including only a few isolated annu-
lar mountains (Plato, Mairan, Aristarch, Copernicus, and
Kepler), presents a great contrast to the South Pole, cntirely
covered with mountains. Hcre lofty peaks shine during
whole lunations in efernal light, in the strictest sense of the
word; they are true light dslands, which become perceptible,
even with fecble magnifying powers.¢

As exceptions to this type of circular and annular configu-
rations, so universally predominant upon the Moon, are the
actual mountain-chains which occur almost in the middle of
the northern half of the Moon (Apennines, Caucasus, and
Alps). They extend from south to north in a slight curve
towards the west, through nearly 82° of latitude. Innumer-
able mountain-crests, and extraordinary sharp peaks, are here
thronged together. Few annular mountains, or crater-like
depressions, are intermingled (Conon, Hadley, Calippus), and
the whole resembles more the configuration of our mountain-
chains upon the Earth. The Jurar Alps, which are inferior
in height to the Junar Caucasus and Apennines, present a
remarkable broad ¢ransverse valley, which intersects the ehain
from south-east to north-west. It is surrounded by mountain.
peaks, which exceeA in height that of Teneriffe.

% Schumncher's Jakrbuch for 1841, p. 270,
# Midler, dséron. p. 106.
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The relative height of the elevations, in proportion to the
dismeters of the Moon and the Earth, gives the remarkable
result, that since in the four times smaller satellite the
highest peaks are only 8,836 feet lower than those of the
Earth, the lunar mountains amount to 414, the mountains on
the Earth to 3¢ of the planctary diameters.® Among the
1,095 points of elevation already measured upon the Moon, I
find 89 are highcr than Mont Blane (16,944 fect) and 6
higher than 19,000 fect. The measurements were cffected
either by light tangents (by determining the distance
of the illuminated mountain-peak on the right side of the
Moon from the boundary of the light), or by the length of
the shadows. The former method was alrcady made use of
by Galileo, as is scen from his letter to the Father Grienberger
upon the Montuositi della Luna. .

According to Midler's careful measurements by means of
the length of the shadows, the culminating points of the
Moon are in descending order at the south edge, very near the
Pole, Dorfel and Leibnitz, 24,297 feet ; the annular mountain
Newton, where a part of the deep hollow is never lighted,
neither by the Sun nor the Earth's dise, 23,830 feet;
Casatus, castward of Newton, 22,820 fect; Calippus, in the
Caucasian chain, 20,396 fect; the Appenines, between 17,903
and 19,182 feet. It must be remarked here, that in the
entire absence of a general niveau-line (the plane of equal
distance from the centre of a cosmical body, as is presented

© The highest peak of the Himalayas, and (up to the pre-
sent time!) of the whole Earth, Kinchin-junga, 18, according
to Waugh's recent measurcment, 4,406 toises, or- 28,178
English feet; the highest peak among the Moon’s mountains
is, according to Midler, 3,800 toiscs (exactly 4 geographical
miles). The diameter of the Moon is 1,816, that of the
Earth 6.872 geographical miles: whence it follows for the
Moon ﬂj-, for the Earth TIIIT' ‘ .
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on our planct by the level of the sca), the absolute heights
are not to be compared strictly with each other, since the six
numerical results here given, properly express only the differ-
ences between the peaks and the immediately surrounding
,plains or hollows.® It is, however, very remarkable that
Galileo likewise assigned to the lofticst lunar mountains the
height of about 4 geographical miles (24,297 feet) “incirca
miglia quatro,” and in accortlance with the extent of his
hypsometric knowledge, considercd them higher than any of
the mountains on the Earth.

An extremely remarkable and mysterions phenomenon which
the surface of our satellite presents, and which is only optically
connected with a reflection of light, and not hypsometrically
with a difference of elevation, consists in the narrow streaks
of light which disappear when the illuminating rays fall
obliquely; but in the full Moon, quite in opposition to the
Moon-spots, become most visible as systems of rays. They
are not mountain veins, cast no shadow, and run with equal
intensity of light from the plains to clevations of more than
12,780 feet. The most extensive of these ray-systems com-
mences from Tycho, where more than a hundred streaks of
light may be distinguished, mostly several miles broad.
Similar systems which surround the Aristarchus, Kepler,
Copernicus, and the Carpathians, are almost all in connec-
tion with each other. It is difficult to conjecture, by the aid
of induction and analogy, what special transformations of the
surfuce give rise to these luminous, ribbon-like rays, pro-
ceeding from certain annular mountains.

The frequently mentioned type of circular configurati-n,
almost everywhere preponderating upon the Moon’s disc, in

. @ For the six heights which excecd 19,182 fec, see Beer
and Madler, pp. 99, 125, 234, 242, 330, and 331.
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the walled plains which frequently surround central movsn-
ains; in the large annular mountains and their craters (22
are counted close together in Bayer, and 33 in dlbategnius).
must have early induced a deep-thinker like Robert Hooke,
to ascribe such a form to the reaction of the interior of the
Moon upon the exterior. * 'The action of subterranean fire,
and elastic eruptive vapours, and even to an ebullition in
eruptive bubbles. Esxperiments with thickencd boiling lime
solutions appeared to him to confirm his opinion; and the
circumvallations, with their central mountains, were at that
time already compared with ¢the forms of Aitna, the peak
of Teneriffe, Ilecla, and the Mexican volcanos described by
Gage.” ¢

One of the circular plains of the Moon reminded Galileo,
a8 he himself relates, of the configuration of countries
entirely surrounded by mountains. I have discovered a
passage® in which he compares these circular plains of the
Moon with the great inclosed basin of Bohemia. Many of
the plains are in fact not much smaller; for they have a

4 Robert Hooke, Micrographia, 1667, Obs. Ix. pp. 242- 246.

* These seem to me to have been the effects of some motions
within the body of the Moon, analogous to our earthquakes,
by the eruption of which, as it has thrown up a brim or ridge
round about, higher than the ambicnt surface of the Moon,
has it left a hole or depression in the middle, proportion-
_d0ly lower.” Hooke says of his experiment with boiling
alabaster: that * presently ceasing to boyl. the whole surface
will appear all over covered with small pits, exactly shaped
like ‘1£ose of the Moon. The carthy part of the Moon has
been undermined, or heaved up by eruptions of vapours, and
thrown into the same kind of figured holes as the powder of
alabaster. It is not improbable also, that there may be
nerated within the body of the Moon, divers such kind®od’

wternal firgs and heats as may produce exhalatious.”
C

C

& Cosmos, vol. ii. p. 701, note
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diameter of from 100 to 120 geographical miles.® On the
contrary, the real annular mounfains scarcely exceed 8 or
12 miles in diameter. Conon in the Apennines is 8; and
a crater which belongs to the shining region of Aris-
tarchus, is said to present a breadth of only 25,576 feet,
exactly the balf of the diameter of the crater of Rucu-
Pichincha, in the table-land of Quito, measured trigono-
metrically by myself,

" Since we have in this place adhered to comparisons with
well-known terrestrial phenomena and relations of magnitude,
it is necessary to remark that the greater part of the plaine
and annular mountains of the Moon, are to be considered in the
first place as craters of elevation, without continuous pheno-
mena of eruption in the sense of the hypothesis of Leopold
von Buch. 'What, according to the Europcan standard, we
call great upon the Karth—the clevation crater of Rocca
Monsina, Palma, Teneritfe, and Santorin—becomes insignifi-
cant when comparcd with Ptolemy, Hipparchus, and many
others of the Moon. Palma has only 24,297 feet diameter;
Santorin, according to Captain Graves, new measuremeft,
38,148 feet; Teneriffe, at the utmost, 53,298 feet: conse-
quently, only only one-eighth or one-sixth of the two craters
of elevation of the Moon just mentioned. The small crater
of the Pcak of Teneriffe and Vesuvius (from 319 to 426 feet
in diameter) could scarcely be seen by the aid of telescopes.
The by far greater number of the annular mountains have no
central mountain; and where there is one, it is described as
being dome-formed or level (Hevelius, Macrobius), not as
an erupled cone with an opening. The active volcanos,

@ Beer and Midler, p. 126. Ptolemscus is 96 miles in
diameter; Alphons and Hipparchus 76 miles.

@ Arzachel and Hercules are supposed to be exceptions:
the former to hage a crater upon its summit, the second a



498 COSMOS,

whick are stated to have been seen in the right side of the
Moon (May 4, 1783); the phenomena of light in Plato which
Bianchini (August 16, 1725), and Short (April 22,/1751),
observed, are here mentioned only as of historical ijterest;
since the sources of deception have long been fathomgd, and
lie in the more powerful reflection of the tcrrestrifl light
which certain parts of the surface of our planet throw upon
the ash-coloured night side of the Moon.® \

lateral crater. Thesc points, important in a geognoftic point

of view, descrve fresh investigation with more perfget instru-
ments. (Schréter, Selenotopographische Fragmenté, Th. ii.
tab. 44 and 68, fig. 23.) Hitherto no signs have &ver been
detected of lava strcams collected in deep hollows. The
radiated lines which issue from Aristoteles in three directions,
are ranges of hills. (Beer and Madler, p. 236.)

8 Op. cit. p. 151. Arago, in the Annuaire for 1842,
p- 526. (Compare also Immanuel Kant, Schiiften der Phy-
-81schen Geographie, 1839, pp. 393-402). Accordiyg to recent
and more complete investigations, the temporary changes said
to have been observed upon the surface of the Noon (the
fofmation of new central mountains and craters in the Mare
Crisium, Hevelius, and Cleomedes), are illusions of 2 similar
nature to the supposed volcanic cruptions perceptitle to us
upon the Moon. (See Schriter, Selenotopographiscle Frag-
mente, Th. i. pp. 412-523; Th. ii. pp. 268-272) Th
question, what is the smallest object wgose heighs can
measured with the instruments which are at preserfs-c“our
command? is in general difficult to answer. According to
the report of Dr. Robinson upon the beautiful reflecting tele-
scope of Lord Rosse, extents of 220 fcet (80 to 90 yards)
are discerned with the greatest distinctness. Midler caleu-
lates, that in his observations shadows of 3" were. capable
of being measured, a length which, under certain presupposi-
tions"as to the position of a mountain. and the altitude of the
Sun, would indicate a mountain elevation of 120 feet. How-
ever, he points out, at the same time, that the shadows niust
have a certain degree of breadth, in order to be visible and
measurable. The shadow. of the great pPramid of
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" Attention has been repeatedly, and with justice, dirccted
to the fact, that in the absence of water upon the Moon
(even the rills, very narrow mostly rectilinear hollows,® are
not rivers), we must represent to oursclves the surface of the
Moon as being somewhat similarly constituted as was the Earth
in its primitive and most ancient condition, while yct unco-
vered fl6tz stratg, by boulders and detritus, which were spread
out by ‘the transporting force of the ebb and flood or currents.
Sun and Earth floods are naturally wanting; where the lignid
element is absent, slight coverings of decomposed conglo-
merates arc scarcely conccivable. In our mountain-chains,
uphcaved upon fissurcs, partial groups of clevations are begin-
ing gradually to be discovered here and there, forming, as it
were, egg-shaped basins. How entircly different the Earth's
surface would have appeared to us if it were divested of the
fiotz and tertiary formations !

The Moon, by the variety of its phascs, and the more rapid
change of its rclative position in the sky, animates and beau-
tifies the .aspeet of the firmament under every zone more

according to the known dimensions of this monument (super-
ficial extent) would be, cven at the point of commencement,
scarcely one-ninth of a sccond broad, and conscquently invi-

esible. (Midler, in Schumacher’s Jakrbuch for 1841, p. 264.)

' Arago calls to mind, that with a 6,000-fold magnifying
power, which, nevertheless, could not be applied. to the Moon
with proportionate results, the mountains upon the Moon
would appear to us just as Mont Blanc docs to the naked eye
when seen from the Lake of Geneva.

@ The rills do not occur frequentlg; are at the utmost
thirty miles long; somectimes forked (Gassendi); seldom
resembling mineral veins (Tricsnecker); always lumfnous;
do_not cross mountains transversely; arc peculiar to the level
Jandscapes; are not characterized by any.peculiarities at the

i points, without becoming broader or narrower.
\.Beer and Madles} pp. 131, 225, and 249.)

“\\vor. 1v. b J
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than all the other plancts. She sheds her agrecable. light
upon mecn, more especially in the primitive forests of the tro-
pical world, and the beasts of the forests.® The Meon, in

® Sec my Essay upon the Nocturnal Life of Animale in
the Primeval Forest, in the Views of Nature, Bohn's ed.
p- 198.—Laplace’s reflections upon a perpetual mognlight
(Ezposition du Systéme du Monde, 1824, p.* 232) haye met’
with a disproval in the Mém. of Liowville sur un cas particu-
lier du problem des Trois Corps. Laplace says: © d:lelquos
isang des causes finales ont imaginé que la Lune a été
donnée 3 la Terre pour 1'éclairer pendant les nuits; dans ce
cas, la nature n'aurait point atteint le but qu'clle se serait
proposé, puisque nous sommes souvent privés A la fois de la
lumiére du Soleil et de cclle de la Lune. Pour y parvenir, il
et suffi de mettre a 'origine la Lune en opposition avee le
Soleil dans lc plan méme de I'écliptique, & une distance égale
4 la centiéme partic de la distance de la Terre aun Soleil, et de
donner & la Lune et a la Terre des vitesses paralléles et pro-
portionnelles 3 leurs distances a cet astre. Alors la Lune,
sans cesse en opposition au Soleil, ¢t décrit autour de lui
une ellipse semblable a cclle de la Terre; ces deux astres ge
seraiént smccédé 1'un A 'autre sur T'horizon; et comme & cette
distance la Lunc n'efit point été éclipsée, sa lumiére aurait
gertaincment remplacé celle du Soleil.”  * Several partizans
of final causes have imagined that the Moon has been given
to the Earth to light it during the night; in that case, nature
would not have attained the object which she had proposed,
.because we are frequently deprived at the same time of the
light of the Sun and Moon. To have attained this end, it
would have been sufficient in the beginning to place the Moon
in op(l)l:sition with the Sun, in the same plane of the ecliptie.
at a distance equal to the hundredth part of the distance of
the Earth from the Sun, and to give to the Moon and the
Earth velocities parallel and proportional to their distances
from that body. Then the Moon, constantly in opposition to
the Sun, would have described an cllipse round it like that of
the Earth; these two bodies would have succeeded each other
in the horizon. and as at that distance the Moon would never,
have been eclipsed, its light would ccrtailily have repleces



. ' TIIE MOOXN. 5§01

virtue of the attractive force which ske cxercises in common
with the Sun, excites motion in our ocean—the liquid portion
_ of the Earth—gradually changes the surface by periodical
floods, and the outlines of continental coasts. by the destruc-
tive agency of the tides, hinders or favours the labour of
men; affords the greater part of the material from which
sandstoncs and, conglomerates are formed, and which ar-
again covered by the rounded, loose transported detrituc.®
Thus the Moon, as one of the sources of motion, continues to
act upon.the geognostic relations. of onr planet. The indis-
putable® influence of the satellite upon atmospheric pressure,

that of the Sun.” Liourville finds, on the contrary: “Que,
si la Lune avait occupé d l'origine la position particuliére
que lillustre auteur de la Alécanique Céleste Tui assigne,
elle n'aurait pu s’y maintenir que pendant un tems trés
court.”” “That if the Moon had ocenpied at the beginning
the particular position assigned to her by the illustrious
author of the Alécanique Céleste, she would not have been
able to maintain it for more than a very short time.”

8 On the Transporting Power of the Tides, sce Sir Henry
de 1a Beche, Geological Manual, 1833, p. 111,

8 Arago, Sur la question de savoir si la Lune exerce sur
notre Atmosphére une influence appréciable. in the Annuaire for
1833, pp. 157-206. The principal advocates of this opinicn
are Scheibler (Untersuch. tber Liinfluss des Mondes auf die
Verédnderungen #n unsever Atwmosphdre, 1830, p. 20);
Flangergues (Zwanzigjihrige Beobachtungen in Viviers, Bibl.
Universelle, Sciences et Arts, tom. x1. 1829, pp. 265-283, and
in Kastner's Archiv f. die ges. Naturlekre, Bd. xvii. 1829,
secs. 32-50): and Eisenlohr (Poggend. Annalen der Physik,
Bd. xxxv. 1835, pp. 141-160, and 309-329). Sir John
Herschel considers it very probgble that a very high tem.
perature prevails upon the Moon (far above the boiling-point
of water), a8 the surface is uninterruptedly exposed for four-
teen days to the full action of the Sun. Therefore, in the

\opposition. or some few days after, the Moon must be, in
Ysome emall degr@e, a source of heat for the Earth; but.this -

2
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aqueous depositions, and the dispersion of clouds, will be
treated of in the last and purcly telluric part of the Cosmos.

Maags. !

The diameter of this planet, notwithstanding its consider-
ably greater distance from the. Sun, is only 0-519 bf the
Earth's, or 3,568 geographical miles. The ezcentricity of his
orbit is 0-0932168, next to Mercury, the greatest of all the
planctary orbits; and also on this aceount, as well as from its
proximity to the Earth, the most suitable for Kepler's great
discovery of the elliptical form of the planetary orbits. His
period of rotation® is, according to Madler and Wilhclm

heat radiating from a body far below the temperature of
ignition, cannot reach the surface of the Earth, since it is
absorbed in the upper strata of our atmosphere, where it
converts visible clouds into transparcnt vapour.” The phe-
nomenon of the rapid dispersion of clouds by the full Moon,
when they are not extremely dense, is considered by Sir John
Herschel, ** as o meteorological fact, which,” he adds, “ i
confirmed by Humboldt’s own experience and the universa
belief of the Spanish sailors in the tropical seas of America.
Sce Report of the Fifteenth Mecting of the British Association
for the Advancement of Science, 1846, Nolices, p. 5; and
Outlines, p. 201.

8 Beer and Midler, Beitrige zur Phys. Kenntniss des Son=
nensystems, 1841, p. 113, from obscrvations in 1830 and
1832; Midler, Astronomie, 1849, p. 206. The first consi-
derable improvement in the data for the period of rotation,
which Dominique Cassini found 24h. 40m., was the result of
laborious observations by William Herschel (between 1777
and 1781) which gave 24h. 39m. 21-7s. Kunowsky found, in
1821, 24l 36m. 40s., very near to Midler’s result. Cassini's
vldest observation of the rotation of a spot upon Mars
(Delambre, Hist. de I Astron. Mod. tom. ii. p. 694), appears ,
to huve been soon after the ycar 1670; buf‘in the very rure ¢
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Beer, 24h. 37m. 23s. His sidereal revolution round the Sun.
occupies 1 year 321d. 17h. 80m. 41s. The snclination of
Mars’ orbit towards the Earth’s equator, is 24° 44’ 24"; his
mass, zggizgy; his density, in comparison to that of the
Earth, 0-958. The mass of Mars will be hereafter corrected
by mcans of the disturbances which he may experience from
his influence with thc Comet of De Vico, in the same way
that the close approach of Encke’s Comet was taken advantage
of to ascertain the mass of Mercury.

The flattening of Mars, which (singularly enough) the
great Konigsberg astronomer permanently doubted, was first
recognized by William Herschel (1784). With regard to
the amount of the flattening, however, there was long consi-
derable uncertainty. It was stated by William Herschel to
be i; according to Arago’s more accurate measurcment,®
with one of Rochon’s prismatic telescopes, in the first instance
(before 1824), only in the proportion of 189 : 194, 4. e. 51.43
by a subsequent measurement (1847), 455 still Arago is
inclined to consider the flattening sumewhat greater.

* If the study of the Moon's surface calls to mind many
geognostic rclations of the surface of the Earth; so, on the
contrary, the analogies which Mars presents with the Earth,
are entirely of a meteorological nature. Besides ,the dark
spots,—some of which are blackish, others, though in very
small numbers, yellowish-red,® and surrounded by the greenish

Treatise, Kern, Diss. de Secintillatione Stellarum, Wittenb.
1686, § 8, I find that the actual discoverers of the rotations
of Mars and Jupiler are stated to have been * Salvator Serra
and Father Agidius Franciscus de Cottignez, astronomers of
the Collegio Romano.” @

% Laplace, Bzpos. du Syst. du Monde, p. 36. Schriter's
very imperfect measurement of the diameter of the planet
gave Mars a flattening of only 5.

_® Beer and Midler, Beitrdge, p. 111.
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“eontrast colours, so-called seas; “—there are secn upon the
dise of Mars two white, brilliant, snow-like spots,”? either at
the poles which are dctermined by the axis of rotation, or at
the poles of cold alternately. They were recognized, as early
as 1716, by Philip Maraldi, though their connection with cli-
matic changes upon the planct was first deseribed by the elder
Ilerschel, in the seventy-fourth volume of the Philosophical
Transactions for 1784, The white spots becbme altermately
Iarger or smaller, according as the poles approach their
winter or summer. Arago has mecasurcd, by means of his
polariscope, the intensity of the light of these snow zones,
and found it twice as great as that of the remaining part of
the dise. The Physikalisch-astronomische Beitrdge of Madler
and Beer, contain some cxcellent graphic representations®® of
the north and south hemispheres of Mars; and this remark-
able phenomenon, unparalleled throughout the whole plane-
tary system, is there investigated with rcference to all the
changes of seasons, and the powerful action of the polar
summer upon the melting snow. Carcful observations, during
a period of ten years, have also taught us that the dark spots
upon Mars preserve a constant form and relative position.
The periodical formation of snow-spots, as meteoric depositions
‘dependent upon change of temperature, and some optical
phenomena which the dark spots present as soon as they
have, by the rotation of the planet, reached the edge of the
disc, make the existence of an atmospherc upon Mars more
than probable.

% Sir John Herschel, Outlines, § 510.
% Beer and Midler. Beitrdge, pp. 117-125.
Madler, in Schumacher’s Asér. Nachr, no. 192,
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Tae SMALL PraANETS.

We have already, in the general consideration® of the’
planetary bodies, characterized the group of small planets

8 Cosmeos, vol. iv. p. 422. With regard to the chronology
of the discoverics of the small planets, compare pp. 421 and
462 ; 'their rclations of magnitude to the metcor-asteroids
(akrolites), p. 427. With respect 1o Kepler's conjecture of
the existence of a planet in the great chasm between Mars
and Jupiter; a conjecture, however, which by no means led
to the discovery of the first of the small plancts (Ceres),
E. 435 and notes 31-33. The bitter reproach which

us-been thrown.upon a highly esteemed philosopher, * be-

cause at a time when he might have known of Piazzi’s disco-

very certainly five months before, but was unacquainted with

it, he denied not so much the probability, as much more the

necessity of a planct being situated between Mars and Jupi-

ter,” appears to me to be little justifiable. Hegel, .in his

Dissertatio de Orbitis Planetarum, composed in the spring and

summer of 1801, treats of the ideas of the ancients of the

distances of the plancts: and when he quotes the arrange-

ment of which Plato speaks in the Timeus, (p. 35, Steph.);

1.2.8.4.9.8.27 . . . . (comparc Cosmos, vol. iv.

P- 432, note 21) he denics the necessity of a chasm. He
suys only: *Quee scries si verior nalure ordo sit, quam arith-.
metica progressio, inter quartum et quintum locum magnum
esse spatium, neque ibi planetam desiderari apparet.”  “If the

order of nature is more precise than an arithmetical pro-
gression, there appears to be a great space between the fourth

and fifth place, and that no planet is required there.” (Hegel's

Werke, Bd. xvi. 1834, p. 28; and llegel's Leben von Rosen~
Lranz, 1844, p. 154.) Kant, in his ingenious work, Natur-'
geschichte des Himmels, 1755, says merely that at the time of
the formation of the planets, Jupiter occasioned the smaliness

of Mars, by the enormous attractive forec which the former

possessed. He only once mentions, and then ir a very inde-

cisive manner, * the members of the solur system which -are

situated far from each other, and between which the interme-

dinte parts bave not yet been discovered.” (Immanucl Kunt,

Sdummdliche Welke, Th. vi. 1839, pp. 87, 110, aud 196.)
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(asteroids, planetoids, co-planets, telescopic or ultra-zodiacal

planets) under the name of an infermediate group, which, to.

a certain extent, forms a zone of separation between the 4
nterior planets (Mercury, Venus, the Earth, and Mars), and
the 4 ezferior planets of our solar system (Jupiter, Saturn,
Uranus, and Neptune). Their most distinctive featurés con-
sist in their interlaced, greatly inclined, and extremely
excentric orbits; their extraordinary smallness, as the diameter
of Vesta does not appear to equal even the fourth part of the
diameter of Mercury. When the first volume of the Cosmos
appearcd (1845), only 4 of the small planets were known:
Ceres, Pallas, Juno, and Vesta, discovered by Piazzi, Olbers,
and Harding (between January 1, 1801, and March 29, 1807);
at the present time (July, 1851), the number of the small
planets hasalrcady increased to 14; they form numerically the
third part of all the 43 known planetary bodics, . e. of all
principal and sccondary planets.

Although the attention of astronomers was long directed
in the solar regions to increasing the number of the members
of partial systcms—the Moons which revolve round principal
planets—and to the plancts to be discovered in the furthest
regions beyond Saturn and Uranus; now since the acei-
dental discovery of Cercs by Piazzi, and especially since the
foreseen discovery of Astrca by Eneke, as well as the great
improvements in the star-charts® (those of the Berlin Academy
contain all stars as far as the 9th, and partly to the 10th
-magnitudes), a nearer space presents to us the richest, and
perhaps inexhaustible field for astronomical industry. It is
an especial merit of the Asfronomische Jahrbuch, which is
published in my native town by Encke, the Director of the

® With regard to the influence of improved star-charts

upan the discovery of the small planets, see Cosmos, vol. i m.'

pp- 155 and 156.

.
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Berhn Observatory, with the assistance of Dr. Wolfers, that
the ephemerides of the increasing host of .small planets are
treated of with particular completcness. Up to the present
time, the region nearcst to the orbit of Mars appears to be
the most filled; but the breadth of this measured zone is, in
itself, more considerable than the distance of Mars from thie
Sun.® “when the difference of the radii-vectores in the nearcst
peribelion (Victdria), and the most distant aphelion (Hygiea),
is taken into considcration.”

The excentricities of the orbits, of which those of Ceres,
Egeria, and Vesta are the smallest, and Juno, Pallas, and Iris
-the greatest, have alrcady been alluded to® above, as well as
their degrees of inclination towards the ccliptie, which
decrcases from Pallas (84° 37"), and Egeria (16° 83'), to
Hygiea (8° 47'). A tabular view of the clements of the
small planets follows here, for which I am indebted to my
friend Dr. Galle.

The discovery of a fifteenth new planet (FEunomia) has
just been announced. It was discovered by De Gasparis
upon the 19th of July, 1851. The elements, which have been

calculated by Riimker, arc the following :—
Epoch of mean longitude in mean Greeuwich time ... { olc?: :0
Mean longitude e - 321° 25’ 29¥

* Longitude of perihelion ... .. .. .. 27 35 38
Longitude of ascending node e e e 203 52 53
Inclination ... - . 11 48 43
Excentricity ... e e . - . 0188402
Half major axis - . w 264758
Mean of motion ... - e  823'630
Period of revolution... ... e ee e 1574 duys.

& D’Arrest, Ucber das System der Kleinen Plancien swischen
Mars und Jupiter, 1851, p. 8.
® Cosmos, voleiv. pp. 423 and 456.
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The mutual relation of the orbits of the asteroids and the
enumeration of the individual pairs of orbits, has been made
the subject of acute investigation, first by Gould ® in 1848,
and more recently by D'Arrest. The latter says, «The
strongest evidence of the intimate connection of the whole
group of small planets appears to be, that if the orbits are
supposed to be represented materially as hoops, they all hang
together in such®a manner that the whole group may be
suspended by any given one. If it so happencd that Iris,
which Iind discovered in Augast, 1847, was still unknown.
es many other bodies in this region certainly are, the group
would consist of two scpurate parts,—a result which must
appear so much the, more unexpected as the zone which these
orbits occupy in the solar system is wide.” #

We cannot take leave of this wonderful' group of plancts
without mentioning, in this fragmentary enumeration of the
individual members of the solar system, the bold view of a
gifted and deeply investigating astronomer, as to the origin
of the asteroids and their intersecting orbits. A result
deduced from the calculations of Gauss, that Ceres approaches
extremely near to Pallas in her ascending passage through
the plane of that planct's orbit, led Olbers to form the con-
jecture that * both planets, Ceres and Pallas, may be frag-
ments of a single large principal planet -chich has becn
destroyed by some natural force, and formerly occupied the
gap between Mars and Jupiter, and that the discovery of
an additional number of similar fragments which describe
elliptical orbits round the Sun, in the same region, may be
expeewd 2 68

€ Benjamin Althorpe Gould (now at Cambridge, Ma.ssn,-
chusetts, U.8.) Untersuchungen tiber die yeyeusmhge Lage dcf
Bahnen zwischen Mars und Jupiter, 1848, pp. 9-12.

& D'Arrest, op. cit. p. 30. '

& Zach, Monatl®Corresp. Bd. vi. p. 88.
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The possibility of determining by calculation, even approxi-
matively, the epoch of such a cosmical event, which it is sup-
posed would be at the same time the epoch of the formation
‘of the small planets, remains more than doubtful, from the.
complication produccd by the already large number of the
< fragments "’ known, the secular retrogression of the apsides,
and motion of the nodes.® Olbers describes the region of the
nodes of the orbits of Ceres and Pallas, as corresponding to
the northern wing of the Virgin and the constellation of the
‘Whale. Certainly Juno was discovered, in the latter by
.Harding, though accidentally, in the construction of a star-
catalogue, scarccly two years after the discovery of Pallas, and
even Vesta, in the former after a long-.scarch during five
vears, conducted upon hypothesis. This is not the place to
determine whether these results alone are sufficient to esta-
blish the hypothesis. The cometary clouds, in which the
small plancts were at first supposed to be envcloped, have
disappeared on investigation with more perfect instruments.
The considerable changes of light to which they were said
to be subjcct, were ascribed by Olbers to their irrcgular
figure as being “ fragments of a single destroycd planet.” ®

8 Gauss, Monatl. Corresp. Bd. xxvi. p. 299.

% Mr. Daniel Kirkwood (of the Pottsville Academy) has
ventured upon the undertaking of restoring the exploded
primitive planet from the fragmentary remains in the same
manner as the animals of the primitive Earth. He finds for
it a diameter greater than Mars (of more than 4,320 geogra-
phical miles), and the slowest rotation of all the principal
planets—a~ length of day of fifty.seven hours am}’ & half.
(Report of the British Assoc, 1850, p. xxxv.)
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JUPITER.

The mean distance of Jupiter from the Sun, expressed in
fractional parts of the Earth’s distance from the central body,
amounts to 5:202767. The truc mean diameter of this planet,
the largest of all, is 77,176 geographical miles; equal, there-
fore, to' 11255 terrestrial diameters, about one-fifth greater
than the diameter of the more remote Saturn. His sidercal
* revolution occupies 11y. 314d. 20h. 2m. 7s.

The flattening of Jupiter, according to the measurements
by Arago with the prismatic micrometer (which were intro-
duced into the Erposition du Systéme du Monde, p. 38), is as
167 : 177, consequently +}.o, which agrees very closcly with
the later determination (1839) of Beer and Midler,® who
found the flattening to be between 1. and zl.;. Hansen
and Sir John Herschel give the prefercnee to . The
earlicst observation of the flattening, by Dominique Cassini,
is older than the year 1666, as I have already pointed out
elséwhere. This circumstance has an especial historical im-
portance, on account of the influence which, according to Sir
David Brewster’s acute remark, the discovery of this flatten-
ing by Cassini excrcised upon Newton's idcas as to the figure
of the Earth. The Principia Philosophie Naturalis bears
witness to this, but the cpochs at which the Principia and
Cassini’s obscrvation of cquatorial and polar diameters of
Jupiter appeared, might excite chronological doubts.*

@ Beer and Midler, Beitrdge zur Phys. Kenntniss der.
Himl. Korper, pp. 104-106. Older and lcss certain obsci -
vations by Hussey gave 5;. Laplace (Syst. du Monde, p. 266)
found it theoretically between g and %, with increasing

densi]? of the strata.
® Newton’s immortal work, Philosophi@ Na’uralis Prine

}g"pia Muthematica, appcared as carly as May, 1687, and the
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As the mass of Jupiter after that of the Sun is the most
important element of the whole planetary system, its accurate
detérmination, which has recently been effected through tae.
disturbances of Juno and Vesta, as well as by the elongation
of his satellites, cspecially the fourth,® must be considered
as one of the most productive improvements of calculating *
astronomy. The value of the mass of J upi'ter is greater now
than formerly; that of Mercury, on the contrary, ‘smaller.
The former, together with that of the four satellites, is
rc13-379» While Laplace gave it as y5gd.55™

Jupiter's period of rotation is, according to Airy, 9h. 55
21"'3 mean solar time. Dominique Cassini first found it
(1665) to be between 9h. 55m. and 9h. 56m., by mcans of a
spot which was visible™ for many years, even indeed to
1691, and was always of the same colour and outline. The
greater part of these spots are of greater blackness than the
strcaks upon Jupiter. They do nof, however, appear to
belong to the surface of the planet itself, as they sometimes
have a different velocity from that of the equatorial regions.
According to a very experienced observer, Ilcinrich Schwabe
of Dessau, the dark, more sharply bounded spots have been

papers of the Paris Academy did not contain the notice of
Cassini’s determination of the flattening (i) until the year
1691 ; so that Newton, who might certainly have known of
Richer’s pendulum-experiment at Caycnne, from the account
of the journey printed in 1679, must have become acquainted
with the configuration of Jupiter by verbal intercourse and
the active correspondence of that time. With regard to this
subject, and the only apparent early acquaintance of Huygens
with the pendulum-expcriment of Richer, compare Cosmos,
vol. i. p. 156, note: and vol. ii. p. 136, note. :
'1" Airy, in the Mem. gf the Royal Astron. Soc. vol. ix. p. 73
vol. x. p. 43. ‘ N
n Aspearly as ‘he year 1824. (Laplace, op. eff. p. 207.) . .
® Delambre, Hist. de I Astron. mod. t3m. ii. p. 754. 4
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several years in succession exclusively peculiar to the two
grey girdles bordering upon the equator, sometimes' the north
ind sometimes the south. The process of spot-formation is,
therefore, locally variable. Schwabe’s observations, made in
November, 1834, likewise show that the spots on Jupiter
seen with a 280-fold magnifying power in a Fraunhofer
telescope, sometiznes resemble the small nucleoid spots sur-
rounded by a halo upon the Sun. But still their darkness is
less than that of the satellite shadows. The nucleus is pro-
bably a part of the body of Jupiter itself, and if the atmec-
spheric opening remains fixed above the same spot. the motien
of the spots gives the true rotation. They also scparate
sometimes, like the Sun-spots, as Dominique Cassini discoverc:l
as early as 1665.

In the cquatorial zone of Jupiter are situated two broad
principal streaks or girdles, of a grey or greyish-brown colour,
which become paler towards the edges, and finally disappear
entirely. Their boundarics arc very irregular and variable :
both are separated by an intermediate bright equatorial
streak. Towards the poles also the whole surface is covered
with numerous, narrower, paler, frequently interrupted, even
fincly branched streaks, always parallel to the equator.
¢ These phenomena,” says Arago,® * are most casily explain-

B « On it qu'il existe au-dessus et au-dessous de I'équa-
teur de Jupiter deux bandes moins brillantes que la surface
générale. 8i on les examine avec une lunette, clles parais-
sent moins distinctes & mesure qu'elles s'éloignent du centre,
st méme elles deviennent tout-a-fait invisibles prés des bords
de In planéte. Toutes ces apparences s'expliquent en admet-
tant I'existence d’une atmosphére de nuages interrompue avx
environs de I'équateur par une zonc diaphane, produite peut-
étre’par les vents alisés. L'atmosphére de nuages réfléchissant:
plns de lumiére que le corps solide de Jupiter, les parties de

"ge corps que I'on ®erre 3} travers lo zone dinphane, auront
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able by assuming the existence of an atmosphere partially
_obscured by strata of clouds, in which, however, the region
resting upon the equator is free from vapour and diaphanous

moins d'éclat que le reste et formeront les bandes obscures.
A mesure qu'on s'éloignera du centre, le rayon visuel de
T'observateur traversera des épaisscurs de plus en plus grandes
da la zone diaphanc, en sorte qu'a la lumiére réflechic par le
corps solide de la planéte s’ajoutera la lumiére réfléchie par
,cette zone plus épaisse. Les bandes scront par cette raison
moins obscures cn s'¢loignant du centre. Enfin aux bords
mémes la lumiére réflechie par la zone vue dans la plus
grande épaisscur pourra faire disparaitre la différence d'inten-
sité qui existe entre les quantités de lumiére réfléchie par la
lanéte ct par I'atmosphére de nuages; on "cessera alors
‘apercevoir les bandes qui n'existent qu'en vertu de cette
différence. On observe dans les pays de montagnes quelque
chose d’analogue: quand on se trouve prés dun forét de
sapin, clle parait noirc; mais & mesure qu'on s'cn ¢loigne, les
couches d’atmosphére interposées deviennent de plus en plus
épaisses ct réflechissent de la lumiére. La différence de
teinte entre la forét ot les objets voisins diminue de plus en
plus, elle finit par se confondre avec cux, si I'on s'en éloigne
d'une distance. convenable.” (From Arago’s Reports on
Astronomy, 1841.) It is known that there exist above and
below the cquator of Jupiter two bands less brilliant than the
general surface. If thesc are examined with a telescope,
they appear less distinet in proportion as the distance from
the centre increases, and they even become quite invisible
near the edges of the planet. All these appearances may be
explained by admitting the existence of an atmosphere of
clouds, interrupted near the equator by a transparent zome,
produced, perhaps, by the trade-winds. 'The atmosphere of
clouds reflects more light than the solid body of Jupiter.
Those parts of him which are seen through the transparent
gone would have less brightness than the remainder, and
would form obscure bands, In proportion as the distance
from the centre increases, the visual ray of the obsesver
“traverses greatcr and greater thicknesses of the transparent
zone, in such a way that to the light reflected by the solid -
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probably in consequence of the trade-winds. Since, as
William Herschel already assumed in a treatise in the
83rd vol. of the Philosophical Transactions, which appearcd
in 1793, the cloud-surface reflefts a more intcnse light than
the surface of the planet, so that part of the ground which we
see through the clearer air must have less light (appear
darker) than the strata of clouds reflecting large quantities
of light. On that account grey (dark) and clear bands
alternate with cach other; the former appear so much the
less dark-coloured in proportion to the distance from the
centre, when, the visual radius of the obscrver being directed
obliquely towards the edge of the planct, at a small angle,
they are scen through a larger and thicker mass of atmosphere,
reflecting more light.

THE SATELLITES OF JUFITER.

Even so carly as the brilliant epoch of Galilco the correct
opinion was formed, that the sulerdinate planctary system
of*Jupiter might present, in many relations of space and

body of the planct is added the light reflected by the denser
zone. The bands would be, from this reason, less obscure the
greater the distance from the centre. Finally, at the very
edges of the planet’s disc the light reflected by the zone seen
in its greatest thickness, would cause the difference of inten-
sity which existed between the quantitics of light refleeted
by the planet and by the atmosphere of clouds, to disappear,
and the bands. which exist only in virtue of that difference
would cease to be visible. Somecthing analogous is observed
in mountainous countries ; in the neighbourhood of a forest .
of fir-trees they appear black, but in proportion as the
observer removes to a greater distance, the interposed atm --
spheric strata become thicker and thicker, and reflect light.
The difference of tint between -the forest and the objecte
near, diminishes more and more, and cnds by their being
confounded togethe® on removing to a sufficient distance.” -

" VOL. 1V. Q
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time, a picture in miniature of the Jular Syseym. This view,
rapidly diffused at that time, as well'as tgp dayovery, shortly
afterwards, of the phases of Venus (Fened,y, 1610), con-
tributed greatly to the generd! introduction of*:He Copernican
system. The quadruple group of satellites of Jupiter, is the
only one of the exterior principal planets which has not been
increased Ly any new discovery, during a period of jnearly
two centurics and a half, since the epoch of “their first disco-
very by Simon Marius on the 29th of December, 1609.

The following table contains the periods of sidercal revolu-~
tion of the satellites of Jupiter, their mean distances expressed
in diameters of the primary, their diameters in geographical
wmniles, and their masses as parts of the mass of Jupiter.

Satellites.| Period of Distance  |Diameterin Mass.
Revolution. |from Jupiter. [geogr. miles.

d. h. m
1 1 18 28 6,049 2116 0-0000173281
2 3 13 14 9,623 1900 0-0000232355
3 7 3 14 15,350 3104 0-0000884972+
4 16 16 32 26,998 2656 0-0000426591

If 15734575 expresses the mass of Jupiter with his satel-
lites, then his mass without the satellites is y573.535, only
about 4% smaller.

The comparisons of the magnitudes, distances, and excentri
sities with other satellite systems. has already been given
(Cosmos, vol. iv. pp. 426-457). The luminous intensity of
Jupiter’s satellites is various, and not in proportion to their
volume, since, as a general rule, the #kérd and the firsf, whose
relation of magnitude is as 8 : 5, appear ‘the brightest. The
smallest and denscst of all—the second—is generally brighter
than the larger fowrth, which is ordinarily called the least
luminous. Accidental (temporary) fluctuations in the luminous
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intensity have, as already remarked, been ascribed some-
times to changes of the surface, sometimes to obscurations
in the atmosphere of the satellites. They all appear more-
over to reflect a more intense light than the primary. When
the Earth is situated between Jupiter and the Sun, and the
satcllites therefore moving from east to west, apparently
enter on the eastern edge of Jupiter, they hide from us, in
their passage, sulcessive portions of the disc of their prin.mry,
and can be perceived with telescopes of moderate power. since
they stand out in luminous relicf from the dise. The visibi-
lity of the satellite is attended with more difficulty the nearer
it approaches the centre of the primary. From this pheno-
menon, which was carly observed, Pound, Newton’s and
Bradley's friend, inferred that the dise was less luminous new.
the edge than at the centre. Arago considers that this
assumption, renewed by Messier, involves difliculties which
can only be solved by new and more delicate observations. |
Jupiter was seen without any satellites by Molyneux in
November, 1681; by Sir William ITerschel on the 23rd of
Muy, 1802; and, lastly, by Griesbach, on the 27th of Scp-
tember, 1843. Such a non-visibility of the satellites has
reference however to the space without the dise of Jupiter,
and is not inconsistent with the theorem that all the four
satellites canuot be eclipsed at one time.

SATURN.

The period of sidercal or true revolufion of Saturn is 29
years, 166d. 23h. 16m. 32s. IHis mecan’ diameter is 62,028
geographical miles, equal to 9,022 terrestrial diameters. The
period of rotation deduced from the observation of some dark
spos (knot-like condensations of the bands) upon the sur-

" Sir J8hn Herschel, Outlines, § 540.
Q2



. K18 : COSMOS.

Tuwe,™ is 10h. 20m. 17s. Such a great velocity of rotatior
corresponds to the considerable flattening. William Herschel _
estimated it, in 1776, at +}.;; Bessel, after corresponding
observations during a period of more than three years, found
that at a mean distance the polar diameter was 157-381; the
cquatorial diameter 17"-053, conscquently a flattening of
15-7." The body of the planct has also riband-like stripes,
which are however less perceptible, though, ht the same time,
rather broader than those of Jupiter. The most constant of them
is a grey equatorial stripe. Next to this follow several others,

% The carlicst and careful observations of William: Her-
schel, in November, 1793, gave for Saturn’s period of reta-
tion 10h. 16m. 44s. It has been incorrectly attributed to the
great philosopher, Immanuel Kant, that he conjectured the
period of Saturn’s rotation from theorctical considerations in
his Allgemeinen Naturgeschiclde des Ilimmels, forty years before
Herselid.  The number that he gives is 6h. 23m. 53s. He
calls his determination ® the mathematical calculation of an
unknown motion of a heavenly body, which is perhaps the
onﬁy prediction of that kind in pure Natural Ihilosophy,
and awaits confirmation at a future period.” This confirma-
tion of his conjecture did not take place at all; observations
have shown an error of  of the whole, 4. e. of four hours. In
the same work it is said respecting the ring of Saturn, * that in
the aggregation of particles which constitute it, those of the
inner edge complete their revolution in 10 hours, those of
the external edge in 15 hours. The first of these ring-
numbers is the only one which accidentally comes ncar the
planet’s obscrved period of rotation (10 d. 29m. 17s.). Com-
parc Kant, Simmtliche Werke, Th. vi. 1389, pp. 135 and 140.

7 Laplace (Expos. du Syst. du Monde, p. 43,) estimates the
flattening at ;. 'The extraordinary deviation of Saturn from
the spheroidal figure, according to which William Herschel,
after a scrics of laborious obscrvations made with very diffe-
rent telescopes, found the major axis of the planet not in the
equator itsclf, but in a diameter which intersected the equa-
torial diameter at an angle of about 45° was not confirmed
‘by Bessel, but found to be incorrcct. ©
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but with variable forms, indicating an atmospheric origin.
William Herschel did not always find them parallel to the
rings ; neither do they extend as far as the poles. The region
round the poles presents a very remarkable phenomenon, a-
change in the reflection of light which is dependent upon
Saturn’s scasons. This region is more brightly luminous in
winter, a phenonzcnon which calls to mind the variable snow-
region of Mars, and did not escape the penetration of William
Ilerschel. 'Whether such an increase of luminous intensity
is to be ascribed to the temporary formation of ice and snow,
or to an extraordinary accumulation of clouds,® it is still
indicative of the action of changes in temperature, and of
the cxistence of an atmosphere.

‘We have already stated the mass of Saturn to be 551t.73
it, together with the cmormous volume of the planct (its
diameter is 4 of the diameter of Jupiter), leads us to infer a
very small density decreasing towards the surface. If the
density were quite homogencous (%5 of that of water), the
flattening would be still greater.

"he planet is surrounded in the plane of its equator with
at least two fully suspended and extrcmely thin rings, both
situated in the same planc. Their luminous intensity is
greater than that of Saturn itsclf. and the outer ring is still
brighter than the inner.” The division of the ring seen b
Huygens in 1655, as a single one,® was indeed observed by
Dominique Cassini in 1675, but first accurately described by
William Herschel in 1789-1792. Since Short’s time the
outer has been found to be streaked by numerous fine stripes,

™ Arago, Annuaire for 1842, p. 555.

® This difference in the luminous intensity of the outer
and inner rings was also stated by Dominique Cassini (Afém.
de U Académie des Sciences, année 1715, p. 13).
. ® Cosmos, vol. ii.p. 705. The public announcement of the

 discovery, or rather the complete ‘explanation of all the phe-
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but these lines or stripes have never been constant. Very
recently, during the latter mouthe of the ycar 1850, a third very
pale, fetbly luminous, and darker ring, has been discovered
between the planet and the ring hitherto called the inner one.
The discovery was made nearly simultancously by Bond, at
Cambridge (U. 8.), on the 11th of November, by mcans of
the great refractor of Mertz with a fourteen-inch objeet-glass,
and by Dawes, near Maidstone, on the 25th of November.
This ring is scparated {rom the sccond by a black line, and
occupies the third part of the space, between the second ring
and the body of the planet, ‘which was formerly stated to be

- vacant, and through which Derham affirmed thut he saw small
stars.

The dimensions of the divided ring of Saturn have been
determined by Bessel and Struve. According to the latter,
the exterior diameter of the outer ring, at Saturn’s mean
distance, appears to us under an angle 40"-09, equal to 153,200
geographical miles; the interior diamcter of the same ring
under an angle of 35”29, equal to 134,800 geographical miles.
For the exterior diamcter of the inner (sccond) ring is
obtained 81”47 ; for interior dimmneter of the same ring 26"-67.
Struve fixcs the space between the lust-mentioned ring and
the surface of the planct at 484. The entire breadth of the
first and second rings is 14,800 miles ; the distance of the rings
from the surface of Suturn, about 20,000; the space which
separates the first from the second ring, and which represents
the black line of division secn by Dominique Cassini, is only
1,560 miles. The mass of the rings is, according to Bessel,
iy of the mass of Saturn. They present a few clevations®

nomena which are presented by Saturn and his ring, did not
take place until the year 1659, four years afterwards, in the
Systema Saturnium. ‘

% Such mountain-like inequalities of surface have recently
been again noticed by Lasscll in Liverpool, by means of a
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and irregularities, by means of which it Aas been possible to
determine approximatively their period of rotation—cxactly
the same as that of the planct. The irregularities of form
become perceptible on the disappearance of the rings, when
one is generally lost sight of before the other.

A very remarkable phenomenon was discovered by Schwabe,
at Dessau, in Scptember, 1827,—the exceniric position of
Saturn. The ring is not concentric with the planet itsclf,
but the latter is situated somewhat to the westward. This
observation has been confirmed—partly by micrometrical mea-
surements—by Ilarding, Struve,® John Herschel, and South.
The small differences in the degree of excentricity, appearing
periodically, which result {from the corresponding observations
of Schwabe, Harding, and De Vico in Rome, are perbaps con-
sequences of oscillations of the centre of gravity of the ring
about the geometrical centre of Saturn. It is surprising that
so carly as the end of the scventeenth century, a priest of
Avignon, named Gallet, attempted unsuccessfully to direet the
attention of astronomers to the excentric position of Saturn.®

twenty-fect reflecting telescope of his own  construetion.
Report of the British Association, 1850, p. 85.

% Compare Harding's Kleine Ijphemeriden for 1885,
p. 100; and Struve, ia Schumucher's str. Nackr. No. 139,

. 389.
? ® In the Aetis Lruditorum pro anno 1684, p. 424, is as an
extract from the Systema Phanomenorum Saturni, sutore
Galletio, proposito eccl. Avenionensis : ** Nonnunquam corpus
Saturni non exacte annuli medinm obtinere visum fuit. Iline
evenit, ut, quum planeta orientalis ‘est. centrum ejus extre-
mitati orientali annuli propius videatur, et major pars ab
occidentali latere sit cum ampliore obscuritate.” ** Sometir-es
the mass of Saturn appeared not to reach exactly ihe middle of
%is ring. Hence it happens that when that planet is in the
cast his centre appears nearer to the castern extremity of the
ring, and the greater part is away from the western side with
 greater obscurity®™
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With the extremcly minute density of Saturn (perhaps searcely
} the density of water) and its decrease towards the surface,
it is difficult to form a conccption of the molecular condition
or material constitution of the body of the planet, or even
to decide whether this constitution actually presupposes
fluidity, $. e. mobility of the smallest particles,—or solidity,
according to the frequently adduced analogies of pine-wood,
pumice-stone, cork, or a solidified liguid—ice. Horner, the
astronomer of the Kruscnstern cxpedition, calls the ring of
Saturn a train of clouds; he maintains that the mountains of
Saturn consist of masses of vapour.® Conjcctural astronomy
exercises herc an unrestricted and tolerated play. Of an
entirely different nature are the scrious speculations of two
distinguished American astronomers, Bond and Peirce,
as to the possible stability of Saturn’s rings, founded upon
observations and the anulytical calculus.® Both agree in
their results in favour of fluidity, as well as continuous
varigbility in the figure, and divisibility of the outer ring.
The permancnece of the whole is considered by Peirce as
dependent upon the influence and position of the satellites,
because without this dependence, even with inequalitics in
the ring, the cquilibrium could not be maintained.

% Horner, in Gehler's neuem physik. Worterbuch, Bd. viii.
1836, p. 174.

¥ Benjamin Peirce, On the Constitution of Saturn’s Ring in
Gould's Astron. Journal, 1851, vol. ii. p. 16. “The ring
consists of a stream or of strcams of a fluid rather denser than
water flowing round the primary.” Compare also Silliman’s
Amer. Journal, ser. ii. vol. xii. 1851, p. 99; and with re
to the superficiul inequalities of the ring, as well as disturbing
and @onsequently preserving influences of the satellites, Sir
John Herschel, Ouilines, p. 320, '
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THE SATELLITES OF SATURN.

The five satellites of Saturn which have been known
longest were discovered between the years 1655 and 1684
(Titan, the sixth according to distance, by Huygens; and four
by Cassini, viz. Japetus, the outermost of all, Rkea, Tethys,
and Dionc). These were followed by the discovery, by
William Herschel, in 1789, of two, Alimas and Ence-
ladus, situated nearest to the planct. Finally, the seventh
satellite, ITyperion, the last but one according to distance,
was discovered almost simultancously by Bond, at Cambridge
(U.S.), and by Lassell at Liverpool, in Scptember, 1848.
The relative magnitudes and relations of distances in this
partial system have been already treated of. (Cosmos, vol. i.
P- 81, vol. iv. pp. 426-445). The periods of revolution and the -
mean distances, the latter expressed in fractional parts of
the equptorial radius of the primary, are, according to the
observations instituted by Sir John Herschel, at the Cape of
Good Hope,* between 1835 and 1837, the following :

Satellites . )
according to |  Sotellites Period of Mean
the order of thac.(.u d( ':'g ce Revolution. Distance.

theirdiscovery. elr distances.
d. h. m. s
f 1. Mimas 0 22 37 229 3:3607
g 2. Enceladus | 1 8 53 67 4-3125
e 3. Tethys 1 21 18 257 53396
d 4. Dione 2 17 41 89 6-8398
c 5. Rhea 4 12 25 108 9-5528
a 6. Titan 15 22 41 252 22-1450
h 7. Hyperion |22 12 ? 28-0000 ?
b 8. Japetus 79 7 53 404 64:3590

® Sir John Herschel, Results of Astron. Observations at
the Cape of Good Hope, pp. 414-430; the same, in the Out-
lines of Astr. p. 6, and upon the law of distances, § 550.
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Between the first four satcllites nearest to Saturn a
remarkable relation of commensurability in the period of revo-
lution presents itsclf. The period of the third satellite
(Zethys) is double that of the first (Afimas); that of the
fourth (Dione) double that of the second (Enceladus). The
closeness of this relation extends to 435 of the longer periods.
'This unnoticed result was communicated to me by Sir John
Ierschel in a letter as long back as 1845. The four satellites
of Jupiter present a ccrmiu regularity in their distances,
forming very ncarly the scries 3, 6. 12. The distance of the
second from the first espressed in digmeters of Jupiter is 363
the distance of the third from the sccond, 5:7; that of the
fourth from the third, 11-6. Moreover Fries and Challis
have endcavoured to prove the so-called law of Titius in all
satellite systems, even in that of Uranus.”

Urawus.

The acknowledged existence of this planet, the great dis-
covery of William Iecrschel, has not only incrcased the
number of the principal plancts known for thousands of years,
and more than doubled the diameter of the solar regions,~it
hes also, after the lapse of sixty-five years, led to the dis-
covery of Neptunc, through the disturbances which it under-
went from the influcnce of the latter.  Uranus was discovered
accidentally (13th March, 1781) during the examination”of &
small group of stars in Gemini by its small disc, which with
magnifying powers of 460 and 932 incrcased far more con-
siderably than was the case with other adjacent stars. The
sagacious discoverer, so thoroughly acquainted with all optical

L Fnes, Vorlesungen diber die Sternkunde, 1833, p. 335;
Challis, in the Transact. of the Cmnbnd_qe Philos. ;S’ocnty.
vol. iii. p. 171.
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phenomena, also observed that the luminous intensity de-
creased considerably in proportion as stronger magnifying
powers were employed while in the fixed stars (Gth ard 7th
magnitude) it remained nearéy the same.

‘When Ilerschel first announced the existence of Uranus he
called it a comet, and it was only by the united labours of
Saron‘, Lexell, Laplace, and Méchain, which were considerably
facilitated by the discovery made by the meritorious Bode in
1784 of the previous observations of the planct by Tobias
Mayer (1756) and Flamstead (1690), that the clliptical orbit
of Uranus and the whole of its planctary elements were deter-
mined with admirable celerity. According to 1lansen, the
mean distance of Uranus from the Sun is 1,918,239 or
1586 million geographical miles; his period of sidercal revolu-
tion, 84 y. 5d. 19h. 41m. 36s.; the inclination of his orbit to
the ecliptic, 0° 46’ 28" ; his apparcut diameter at the mean dis-
tance from the Earth, 9"9. Ilis wass, which was determined
88 vy from the first observations of the satellites, is, ac-
cording to Lamont's observations, only 533 455; consequently
his density would be between those of Jupiter and Saturn.®
A flattening of Uranus was alrcady conjectured by Ilerschel
from his observations with magnifying powers of from 800 to
2,400. According to Midler's measurements in 1812 and 1843,
it would appear to fall between 1.4 and §'5.%  The original
supposition that Uranus bad two rings was found to be
an optical illusion by the discovercr himself, in all cases so

cautious and persevering in confirming his discoveries.

® William Herschel, Account of @ Comet in the Ph.os.
Transact. for 1781, vol. Isxi. p. 492.
® (ogmos, vol. iv. p. 446.
*® Midler, in Schumacher's Astr. Nackr. No. 493. (With
fegard to the flattening of Uranus, compure Arago, Annugire
for 1842, pp. 5772579.)
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TaE SATELLITEs OF URANUS.

¢ Uranus,” says Sir John -Herschel, «is attended by
satellites—four at least, probably five or six.” They present
a great and hitherto unparalleled peculiarity, viz. that while
all satellites (those of the Earth, of Jupiter, of .Satum), as well
as all the principal plancts, move from west to east; and with
the exception of a few astcroids in orbits not much inélined
towards the ccliptic, the satellites of Uranus move from east to
west in orbits which are nearly circular, and form an angle of
78° 58" with the ccliptiec—rvery nearly perpendicular to it. In
the case of the satellites of Uranus, as well as those of Saturn,
the arrangement and nomenelature, according to their distances
from the primary, are to be distinguished from the arrange-
ment according to the epoch of discovery. According to a
private communication from Sir John Herschel (November
8th, 1851), Mr. Lasscll has distinctly observed on the 24th,
28th, 30th of October, and 2nd of November of the above
year, two satellites of Uranus, which appear to be situated
still nearer to the primary than the first satellite observed by
Sir William Herschel, to which he ascribed a period of revo-
lution of about 5 days and 21 hours, but which was not recog-
nized. The periods of revolution of the two satellites now
seen by Lassell were near to 4 and 2} days. Of the satellites of
Uranus the second and fourth were first discovered by William
Herschel irl 1787, then the first and fifth in 1790, and, finally,
the sixth and thirdin 1794. During the fifty-six years which
have elapsed since the last discovery of a Uranus satellite (the
third), the existence of six satellites has frequently been un-
justly doubted ; the observations of the last twenty years have
»gradually proved how trustworthy the great discoverer ef
Slough has been in this as in all other branches of planetary
astronomy. 'Those satcllites of Uranus which have been seen
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again up fo this time are the first, second, fourth, and sixth.
Perhaps it may be ventured to add the third, after the obser-
vations of Lassell on the 6th November, 1848. On account of

7/ 3large opening of his reflecting telescope, and the abundance
of light thus obtaincd, the elder Herschel considered that

* with the sharpness of his vision, under favourable atmospheric
circumstances, a magnifying power of 157 was sufficient ; his
son recommends in general a power of 300 for these extremely
small luminous dises (luminous points). The sccond and
fourth satellites were seen again the earliest, the most fre-
quently and positively by Sir John Herschel, from 1828 to
1834, in Europe and at the Cape of Good 1lope, subsequently-
by Lamont at Munich and Lasscll at Liverpool. The first
satellite of Uranus was found by Lasscll (September 14th
to November 9th, 1847), and by Otto Struve (October 8th to
Dccember 10th, 1847).  The outermost (the sixth) by Lamont
(October 1st, 1837). The fifth appears never to have been
scen again, and the third not satisfactorily cnough.”  The par-
ticulars here put together arce not without importance, also for
the reason that they tend to cxcite caution in not placing too
mugh confidence in so-called negative evidence.

NEPTUNE.

The merit of having successfully conducted and announced
an inverse problem of disturbance, that “of deducing from
the given disturbances of a known planet the elements of an
unknown one,” and even of having by a bold prediction occa-
sioned the important discovery-of Neptune by Galle on the
23rd of September, 1846, bclongs to the faculty of acute

" For the observations of Lasscll at Starficld (Lwerpool)
and of Otto Struve, compare Monthly Notices of the
Astron. Soc. vol. viii. 1848, pp. 43-47 and 135-169 also
Schumn. 4str. Nackr. No. 623, p. 365.
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reasoning and the persevering industry of Loverrier.® This is,
as Encke expresses himself, the most brilliant of all planetary
discoveries, beccause purely theorctical investigations have
rendered possible the prediction of the existence aud the place
of the new planct. The cclerity with which the planet was
afterwards found, was itself favoured by the escellent star-
chart drawn up by Bremiker for the Berlin Academy.®

‘While among the distances of the exterier planets,from
the Sun, that of Saturn /9-53) is nearly double as great as
the distance of Jupiter (5-20). the distanee of Uranus (19-18)
is, however, more than double that of Saturn; so the distance
of Neptunc (30-04) is less than that which would be re-
quired for a repeated donbling of the distance by full ten
times the distunce of the Earth from the Sun, i.e. an entire
third of Neptunc’s distance from the Sun. The planetary
boundaries were at that time 2484 million of geographieal
miles from the central body. By the discovery of Neptune
the landmark of our planetary knowledge has been advanced
more than 892 million miles further (more than 10°8 times
the distance of the Sun from the Karth). According as the
disturbances are recognized which each last planet ex-
periences, so will other planets be gradually discovered which
now remain invisible by means of our telescopes on account
of their remotencss.®

According to the most recent determinations, Neptune's
period of revolulion is 60126°7 days, or 164 years and 226
days, and his kalf major axis 30-03628. The excentricity of

% Berhard von Lindenau, Beitrag zur Geschichte der
Neptuns-FEntdeckung in the supplementary sheet to Schum.
Astr. Nachr. 1849. p. 17. ’

_ B Astr. Nackr. No. 580.

% Leverrior, Recherches sur les mouvemens de la Planéfe
Hezr;chel, 1846, in the Connaissance des Temps pour U'an 1849,
p- 254. " :
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his orbit, next to that of Venus the smallest, is 0700871946 ;
his mass, yz147; his apparent diameter, according to Encke
and Galle, 2:70, according to Challis even 3”07 ; which gives
as his densify, in comparison with the Earth, 0-230; greater,
therefore, than that of Tranus 0-173.%

Soon after the first discovery of Neptune by Galle, a ring
was ascribed to hifn by Lasvell and Challis. The former
employed a manifying power of 567, and endeavoured to
determine the considerable inclination of the ring to the
ecliptic; but subsequent investigations have, as long before,
in the casc of Uranus, contradicted the opiuion of the exist-
ence of a ring round Neptune.

I dare scarcely allude in this work to the certainly carlier
labours of the distinguished and acute Fnglish geometrician,
Mr. Adams, of St. John's College, Cambridge. The histori-
cal facts which refer to these lubours, and to Leverrier’s and
Galle’s happy discovery of the new planet, have been eircum-
“stantiully and impartially developed from reliable sources in
two works, by the Astronomer Royal, Airy, and by Berehard
Von Lindenau.* Intellectual endeavours, almost simultane-

% The very important clement of the mass of Neptune has
been gradually increased from ggigy according to Adams,
To3so according to Peirce, 15155 according to Bond, and
+¥vs according to Sir John llerschel, gigs according to
Lasscll, to 13345 according to Otto and August Struve. The
last result has been adopted in the text.

# Airy, in the Monthly Notices of the Royal Astronomical
Society, vol. vii. no. 9 (November, 1846), pp. 121-152. Bern-
hard von Lindenau, Beitrag zur Geschichle des Neptuns-
Entdeckung, pp. 1~32, and .235-238. At the instigation of
Arago, Leverrier commenced, in the summer® of 1845, his
investigations of the theory of Uranus. The results of cuis
investigation he laid before the Institute on the 10th of
November, 1845, the 1st of June, 31st of August, and 5th of
Octoher, 1846, and publisked them at the same time; but the
most cxtensive anll important of Leverrier's labours which
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ously directed to the same importa'nt end, present in their
laudable competition so much the more interest, as they tes-
tify by the selection of mecans to the present distinguished:
condition of higher mathematical knowledge.

contained the solution of the whole problem appeared in the
Connaissance des Temps pour Pan 1849. * Adams laid the first
results which he had obtained for the disturbing Elanei; before
Professor Challis in Scptember, 1845, without having them
printed, and together with some alterations in October of the
same year, before the Astronomer Royal, still without making
them public. The latter received the final results of Adams,
with fresh corrections referring to a deercase of the distance,
in the commencement of September, 1846. The young Cam-
bridge gcometrician expresses himsclf upon the chronological
succession of the investigations which were directed to one
and the same objcet with as much modesty as sclf-denial : «T
mention these carlier dates merely to show that my results
were arrived at independently and previously to the publica.
tion of M. Leverricr, and not with any intention of inter-
fering with his just claims to the honour of the discovery.
For there is no doubt that his rescarches were first published
‘to the world, and led to the actual discovery of the planet by
Dr. Galle: so that the facts stated above cannot detract in
the slightest degree from the eredit duc to M. Leverrier.”
Since, in the history of the discovery of Neptunc, mention is
frequently made of an carly sharc which the great K{nigs-
herg astronomer took in the hope already expressed by Alexis
Bouvard (the author of the tables of Uranus) in the year 1834,
¢ of the disturbance of Uranus by a yet unknown planet,” it will
perhaps not be unacceptable to many readers of the Cosmos
if I introduce here part of a letter which Besscel wrote to me
on the 8th of May, 1840 (therefore two years before his con-
versation with Sir John Herschel, during his visit to Colling-
wood) : “You request me to give you information as to the
planet beyond Uranus. 1 could indecd refer you to friends-in
Kénigsberg who, from misunderstanding, fancy that they know
more about the matter than I do myself. I chose as the sub-
jeet of a public lecture delivered upon the 28th of February,
1840, the development of the connection between astrono-
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Toe SATELLITES OF NEPTUNE.

‘While in exterior planets the existence of a ring presents
itsclf only in one solitary instance, and its rarity permits of
the conjecture that the organ and formation of an unconnected
girdle depends upon she conjunction of peculiar and difficultly

mical observations and astronomy. The public know no differ-
ence between the two; consequently their opinion was to be
corrccted. The indication of the development of astrono-
mical knowledge from &bscrvations, naturally led to the re-
mark that we can by no means affirm that our theory explains
all the motions of the planets. Uranus atforded a proof of
this. the old obscrvations of which do not at all accord with
clements which coincide with the later obscrvations from 1783
to 1820. I belicve that 1 once told you that I have worked
much upon this subjcct, but have come to no other result
than the cerfainfy that the present theory, or much rather its
application to the solar system, as we are acquainted with it,
was insufficient to solve the mystery. Nevertheless, it must
not on that account be considered upon my opinion to be
uhsolvable. 'We must first know accurately and completely
what has been observed of Uranus. By the aid of one of my
young hearers, Flemming, I have had all the obscrvations re-
duced and compared, and thus the existing facts now lie before
me complete. While the old observations do not agree with the
theory, the more recent oncs agree still less ; for now the crror
is a whole minute, and increases annually about 7” to 8", so
that it will soon be much greater. I was thercfore of opinion
that the time might come when the solution of this mystery
might .perhaps be found in the discovery of a new planet
whose elements might be ascertained Dy its influences npor
Uranus, and confirmed by those excrted upon Saturn. That
this time has already arrived I am far from saying, but I shall
examine now how far the cxisting facts can carry us. This is
an investigation which I have pursued for so many years, and
on account of which I have followed so many views, that its
results especially interest me, and shall therefore be brought
.to an end as soon®s possible. I have great confidence in
VOL. IV, B
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fulfilled conditions ; so on the contrary the existence of satel-
-lites accompanying the ezferior planets (Jupiter, Saturn,
Uranus), is a phenomenon as universal as the former is rare.
Lassell discovered with certainty * the first satellite of Neptune
8o soon as the commencement of August, 1847, in his large
venty-feet reflcctor, with a 24 inch aperture. Lasscll’s dis-
covery was confirmed by Otto Struve™® at Pulkowa (September
11th to December 20th, 1847), and Bond,» the director, ‘of the
obscrvatory at Cambridge (U. S.) (Scptember 16th, 1847).
The Pulkowa obscrvations gave: the period of rotation of
Neptunc's satellite 5d. 21h. 7m. ; the®inclination of its orbit to
the planc of the ecliptic, 54° 7’; the distance from the centre
of the primary, 216.000 geographical miles ; the mass, y3isg-
Three years afterwards (August 14th, 1850), Lasscll discovered
a second satellite, for the examination of which he employed
a magnifying power of 628.2° This last discovery has not, I
believe, been confirmed by other obscervers.

Flemming, who will, in Dantzic, to which place he has been
called, continuc the same reduction of observations for Satuin
and Jupiter which he has now made for Uranus. 1t is, in my
opinion, fortunate that he has {for the present) no means of
observation, and has no lcetures to deliver. A time will
indeed come when he must institute observations with a defi-
nite aim; then he should no longer want the means of cdrrying
them'out any more than he does the ability to do so.”

9 The first letter in which Lasscll announced the discovery
was on the 6th of August, 1847. (Schumacher, Astr.
Nachr. No. 611, p. 165.) K

% Otto Struve, in the Astr. Nackr. No. 629. August
Struve, in Dorpat, calculated the orbit. of the first satcllite of
Neptune from the observations at Pulkowa.

% W.C. Bond, in the Proceedings of the American Academy
of Arts and Sciences, vol. ii. pp. 137 and 140,

o Schum. Adstr. Nackr. No. 729, p. '143. .
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THE COMETS,

Tae comets, which Xenocrates and Theon of Alexandria
call light-clouds, and which according to an old Chaldean
belief, Apollonius Myndius considered to “ascend periodi-
cally from great distances in long regulated orbits,” though
subject to the attractive force of the central body, form a
peBuliar and scparatc group in the solar regions. They are
distinguished from the planets, properly so called, not merely
by thu eccentricity of their orbits, and what is still more
important, their énferséction of the planctary orbits; they
also present a variability of figure, a change of outline, which
in some instances has been observable during the space of
a few hours; as, for example, in the Comet of 1744, so accu-
ratcly described by Hensius, and at the last appearance of
Halley’s Comet in 1835. Before Incke had discovered the
existence of interior comets of short periods of revolution,
whose orbits were enclosed withii: those of the planets,
dogmatic spceulations, founded upon false analogies as to the
increasing excentricity, magnitude, and decreasing density in
proportion to the distance from the Sun, led to the opinion
that planetary bodies of cnormous volume would be disco-
vered beyond Saturn, revolving in excentric orbits, wad
¢ forming an intermediate group between plancts and comets,
aud indeed that the last exterior: planet ought to be called
a comet, since peghaps its orbit intersected that of Saturn,

=2 :
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the planet next toit.”! Such an opinion of the connection
of forms in the universe, analogous to the frequently mis-
employed doctrine of transition in organic nature, was shared
by Immanucl Kant, one of the greatest minds of the eighteenth
century. At two cpochs, twenty-six and ninety-one years
after the Nuturgeschichte des Himmels was dedicated to the
rreat Fretlerick by the Konigsberg philssopher, Uranus and
Neptune were discovered by Williara Herschel and Galle;
but the orbits of both plancts have a less degree of exeen-
tricity than that of Saturn; if cven the latter is 0056, so
on the contrary Neptune, the outermost of all known planets,
moves in an orbit whose excentricity is 0:008, nearly the
same as that of Venus (0-006). In addition to this, Uranus
and Neptune present none of the predicted cometary cha-
racters.

As in more recont times (since 1819), the discovery®of
Encke's Comet was gradually followed by those of five #rnfe-
rior comets, forming as it were a peculiar group, the semi-

! ¢« By mcans of a scries of intermediate members,” says
Immanuel Kant, ¢‘the last planets beyond Saturn would gra-
dually pass into comets, and so the last species would be
connected with the first. The law according to which the
excentricity of the planetary orbits is proportionate to the
distances of the planets from the Sun, supports this conjecture.
The excentricity increases with the distance, and consequently
the more distant plancts approach nearer to the definition of
comets. The last planet and the first comct may be called’
that body which in its perihclion intersects the orbit of the
adjoining planet, perhaps that of Saturn. Our theory of the
mechanical formation of the cosmical bodies is also clearl,

ed by the magnitudes of the planetary masses whic
increase with the distance from the Sun.”—Kant, Natur-
geschichte des Himmels (1755), in his Simmiliche Werke,
Th. vi. pp. 88 and 195. At the commencement of the fifth
section (p. 131), he speaks of the former comefary natdre
which Saturn was supposed to have possessed.
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_major axis of whose orbits for the most part resembles those
of the small planets, the question was raised as to whether
the group of #nterior comets may not, as is conjectured by
Olbers, in his hypothesis respeeting the small planets,
originally have formed a single cosmical body; whether the
large comet may not have been separated into several by the
influence of Mars, in the same way that such a separation, as it
were a bipartiti:m, took place under the eye of the observer
in the year 1846, on the occasion of the last return of the
interior comet of Bicla. Certain similarities in their clements
have induced Professor Stephen Alexander, of the College of
New Jersey, to institute investigations? as to the possibility
of a common origin of the astcroids between Mars and
Jupiter, with some or even all of the comets. The grounds
of. analogy which have been deduced from the ncbulous
cnvelopes of the asteroids must, according to all more recent
and accurate observations, be renounced. The orbits of the
small planets are not parallel to cach other; that of Iallas

3 Stephen Alexander, “ On the Similarity of arrangement
of the Asteroids and the Comets of short period, and the
possibility of their common origin,” in Gould's Asfronom.
Jowrnal, no. 19, p. 147, and no. 20, p. 181.  The author
(distinguishes, with Ilind, (Schum. As/r. Nachr. No. 724),
« the comets of short period, whose semi-axes are all nearly
the same with those of the small pianets between Mars and
Jupiter ; and the other class, including the comets whose
mean distance or semi-axis is somewhat less than that of
Uranus.” He concludes the first essay with this remark:
« Different facts and coincidences agree in indicating a near
appulse if net an actual collision of Mars with a large comet
in 1815 or 1316, that the comet wus thercby broken rito
three parts, whose orbits (it may be presumed) received even
then their present form; viz. that still prescnted by the
Comets of 1812, 1815 and 1846, which are fragments of the
dissevered comct.™
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certainly presents the.phenomenon of an extreme inclination ;
but with all the want of parallelism between their own
orbits, still zkey do not iniersect in a cometary manmer any .
one of the orbits of the large older, . e. earlier discovered,
planets. This circumstance, so extremely cssential in every
assumption of a primitive projectile direction and projectile
velocity, appears, besides the difference ‘in the physical con-
stitution of the interior comets, and the entirely vapéurless
small planets, to render the similarity of origin of both kinds
of cosmical bodics very improbable. Laplace also, in his
theory of planctary genesis from rings of vapour revolving
round the Sun, in which matter aggregates into spheres
around a nucleus, considered it necessary to separate
the comets from the planets: “ Dans I'hypothése des zones
de vapeurs et d'un noyaw s'accroissant par la condensation
% latmosphére qui Venvironne, les cométes sont étrangéres
u systeme planctaire.”® * According to the hypothesis of
zones of vapour, and of a nuclcus increasing by the con-
densation of the atmosphere which surrouads them, the comets
are strangers to the planetary system.” )
‘We have already dirceted attention, in the Delineations of
Nature# to the fact that the comets at the same time possess
the smallest mass, and occupy the largest space, cf any bodies
in the solar regions; in their number also they exceed all
other planctary bodies, the theory of probabilities, applied
to the data of the equable distribution of the ordits, the
boundaries, the perihelions, and the possibility that some
remain invisible, indicates the existence of many thousands.
We except the aérolites or metcoric asteroids, as their
nature is still enveloped in great obscurity. Among the

8 Laplace, Expos. du Syst. du Monde (ed. 1824), p. 414.,
¢ On Comets: in the Delineation of Nuture, see Cosmos;
vol. i. pp. 84—97. ’ ¢
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comets, those must be distinguished whose orbits have been
calculated by astronomers; and such of which there are only
incomplete obscrvations, or mere indications recorded. . As,
according to Galle's last accurate enumeration, 178 had been
calculated up to the yecar 1847, so it may be admissible to
adopt as the total number, with those which have been
merely indicated, tAc assumption of six or scven hundred
observed comet. When the Comet of 1682, predicted by
Hulley, appeared again in 1759, it was considered very re-
markable that three comets should be visible in the same
year. At the present time, the investigation of the heavens
is carried on simultaneously at scveral parts of ‘the globe,
and with such cnergy, that in cach of the years 1819, 1825,
and 1840, four were discovered and calculated, in 1826 five,
and in 1846 cven cight.

Of comets visible with the naked cye, more have been
observed reeently than during the latter part of the previous
century; but m‘émg them those which have a great hrilliancy
in the head and tail, still remain, on account of their unfre-
quency, remarkable phenomena. It will not be without
interest to enumcerate how many comets, visible in Europc
to the naked eye, have appcared during the last centuries.
The epoch in which they were most numerous was the
sixteenth century, during which 23 such comets. were seen.
The scventeenth numbered 12, and of these only 2 during its
first half. In the eightcenth century only 8 appeared, but 9
during the first fifty ycars of the ninctecnth century. Among
these, the most beautiful were those of 1807, 1811, 1819,
1835, and 1843. In carlier ages, thirty or forty ycars have
frequently passed without such a spectacle presenting itsel’ in a
single instance. In the ycars, however, during which comets
se]dom appear, there may be a number of large comets whose

& In the seven IAlf conturics from 1500 to 1850, altogether
52 comets have appcared which were visible to the naked eye;
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perihelia are situated beyond the orbits of Jupiter and Saturn.
Of the telescopic comets, there are at the present time upon
an average at least 2 or 3 discovered annually. In three swe-

in scparate succession during scven equal periods, 13, 10, 2,
10, 4, 4, and Y. The following are the individual years :—

1500—1550)
13 Com.
1600—1650
1607
1618

2 Com.

1700—1750
1702
1744
1784 (2)

4 Com.

1800—1850
1807
1811
1819
1823
1830
1835
1843
1845
1847

9 Com,

15501600
10 Com.
1650 - 1700
1652
1664
1665
1668
1672
1680
1682
1686
1689
1906

10 Com.
1750—1800
1759
1766
1769
1781

4 Com,
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cessive months (1840) Galle discovered 3 new comets; from
1764 to 1798, Messier discovered 12; from 1801 to 1827,
Pons discovered 27. Thus Kepler's expression as to the
‘number of comets in the universe appears to hold good: w#
pisces in oceano. .

Of not less importance is the careful catalognue of comets
which have appearfd in China, and which Edward Biot has
made known frém the collection of Ma-tuan-lin. It reaches
back beyond the foundation of the Ionic school of Thales
and the Lydian Alyattes; and compriscs, in two sections, the

lace of the comets from 613 years before our own cra until
1222 ycars afterwards, and then from 1222 to 1614, the
period in which the dynasty of Ming ruled. I repeat here
(see Cosiios, vol. L. p. 84), that while from the middle of the
third to the end of the fourtcenth century it was necessary to
calculate comets cxclusively from the Chinese observations,
the e:leulation of Halley’s Comet, on its appcarance in the
year 1456, was the first caleulation which was made from
altogether European obscrvations, thosc of Regiomontanus.
"These latter were again followed by the very accurate obser-
vations of Apianus at Ingoldstadt, upon the occasion of the
reappearance of Halley’s Comet in August of the year 1531.
Tn the interval (May, 1500), appeared a magnificently bril-
liant comet,*rendered famous by African and Brazilian travels

Of the 28 Comets visible to the naked eye which are here
cnumerated in the sixteenth century (the cpoch of Apianus,
Girolamo Fracastoro, Landgravine William IV. of Hesse,
Mistlin and Tycho) 10 were deseribed by Pingré, namely,
those of 150¢C, 1505, 1506, 1512, 1514, 1516, 1518, 1571,
1522, and 1530; further the Comets of 1531, 1532, 1533,
1556, 1558, 1569, 1577, 1580, 1582, 1585, 1590, 1593, and
1496. . . .
® This is the “evil-disposcd” comet to which was aseribed
the death of the eclebrated Portuguese discoverer Bartho-
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of discovery, which was called in Ifaly Signor Astons, the
great Asta. Laugier? has detected, by similarity of the ele-
ments in the Chinese observations, a seventh appearance of
Halley's Comet (that of 1378): as well as that the third
comet of 1840, discovered by Galle,® on the 6th of March,
appears to be identical with that of 1097. The Mexicans
‘also connected events in their records with comets and other
observations of the heavens. The Comet of 1490, which I
discovercd in the Mexican manuscript of St. Tellicr, and of
which an engaving is inserted in my Alonumens des Peuples
sndigénes de I Amérique, I have found, singularly enough, to
be mentioned as having been observed in December of that
year only in the Chinese comet-register.® The Mesicans
had inserted it in their register twenty-cight years before the
first appearance of Cortes upon the coasts of Vera Cruz
(Chalchinhcuecan).

I have in the Delincations of' Nature (Cosmos, vol. i.
p. 86) treated fully of the configuration, alterations of form,
light, and colour of comects, the emaunations from their heads

lomeeus Diaz, by shipwreck, as he was sailing to the Cape of
Good Hope ; Ilumboldt, Eramen Crit. de I Ilist. de la Gdogr.
tom. i. p. 296, and tom. v. p. 80. (Sousa, Asia Portug. tom. i.
P- 1, cap. v. p. 45.)
¥ Laugier, in the Connaissance des Temps pour U'an 1846,
p. 99. Compare also Edward Biot, Recherches sur les An-
ciennes A{)paritions Chinoises de la Cométe de Halley anté-
rieures & V'année 1378, op. cit. pp. 70-84.
. % Upon the comet discovered by Galle in March, 1840, see
Schumacher, Astr. Nachr. Bd. xviii. p. 188. .
® See my Vues des Cordilléres (ed. in folio), pl. 1v. fig. 8,
pp- 281, 282. 'The Mexicans had also a very correct view of
the cause of a solar eclipse. The same Mexican manuscript,
written at lenst a quarter of a century before the arrival of
the Spaniards, represents the Sun as almost entirely covered
. by the Moow’s disc, and with stars visible ct the same tiwe.
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which bent backwards,® form the tails, from the observations
of Hensius (1744), Bessel, Struve, and Sir John Herschel.
Besides the maghnificent Comet of 1843," which could be seen
by Bowring in Chihuahua (N.W. America) as a small white
cloud from nine o’clock in the morning until sunset, and by
Anmici, in Parma, at full noon, 1° 23’ eastward of the Sun,?

1 This formagion of the tail at the anterior part of the
comet’s head, which has occupied Besscel's attention so much,
was the opinion of Newton and Winthrop (compare Newton's
Principia, p. 511, and Philos. Transact. vol. Ivii. for the year
1767, p. 140. fig. 5). Newton considered that the tail was
developed most considerably and longer near the Sun, be-
cause the cosmical ether (which we call with Encke the
resisting medium) was the densest there, and the particuls
eaude, strongly heated and supported by the cther, ascended
more easily. Winthrop considered that the principal effeet
did not take place until some time after the perihelion pas-
sage, because, according to the law established by Newton
(Principia, pp. 424 and 466), the maxima are universally re-
tarded (iun periodical changes of heat as well as in oceun tides).

U Arago, in the Annuaire pour 1844, p. 395. The obser-
vation was made by the younger Amici.

12 ' With regard to the Comet of 1843, which appeared with
unexampled splendour in Northern Europe during the month
of March, near Orion, and approached nearer to the Sun than
any hitherto ohserved and calculated comet, all the details
are collected in Sir John Herschel's Outlines of Astronomy,

589-597 ; and in Peirce, American Almanac for 1844, p. 42

n account of physiognomical resemblances whose uncertainty
was already shown by Scneca (Naf. Quest. lib. vii. caps. xi.
and xvii.), it was at first considerced to be identical with the

_ comets of 1668 and 1689 (Cosmos, vol. i. p. 128, note ; Galle,
in Olbers’ Cometenbahnen, nos. 42 and 50). Boguslawski
(Schum, Astr. Nachr. No. 545, p. 272) belicves, on the ec1-’
trary, that its previous appearances were, with a revolution of
147 years, those of 1695, 1548, and 1401 ; he even calls it the
Comet of Aristotle, ““ because he traces it back to the'year 871
before our era,and together with the talented Hellenist Thiersch
of Munich, consides it to be a comet which is mentioned in
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the first comet of the year 1847, discovered by Hind near
Capella, has very recently been visible at London, near the
Sun, on the day of its perihclion. ’

the Meteorologicis of Aristotle, book i. cap. vi.” But I would
call to mind that the name Comet of Aristotle is vague and
indefinite. If that one is mcaut whick Aristotle states to
have disappeared in Orion, and which he cennects with the
carthquake in Achaia, it must not be forgotten that this
comet is stated by Callisthenes.to have appeared before, by
Diodorus gfier, and by Aristotle at the time of the earthquake.
The sixth and eighth chapters of the Aleteorology treat of four
comets whose epochs of appearance are characterized by the -
Archons at Athens, and by unfortunate events.  In this place
thosc are mentioned in order: the western comet which
appearcd on the occasion of the great carthquake at Achaia,
accompanicd with floods (cap. vii. 8): then the comet which
appearcd during the time of the Archon Eucles, the son of
Molon ; afterwards (cap. vi. 10), the Stagiritc comes again to
the western comet, that of the great earthquake, and at the
same time calls the Archon Astcus—a name which incor-
rect readings have changed into Aristeeus, and which was
on that account erroncously considered by Pingré, in his
Comélographic to signify onc and the samc person as
Aristhencs or Alcisthenes. The brillianey of this comet of
Asteus diffuscd itsclf over the third part of the sky ; the tail
which was called its way (o8os) was also 60° in length. It
extended nearly as far as Orion, where it gradually disap-
peared. In cap. vii. 9, the comect is mentioned which
appearcd simultaneously with the famous fall of aérolites
near ZEgos Potamos (Cosmos, vol. i. p. 103), and which can
scarcely be a confusion with the aérolite-cloud described by
Damachos, which shone for 70 days, and poured forth falling
stars. Finally, Aristotle mentions (cap. vii. 10), a comet
which appeared at the time of the Archon Nicomachus,
to which was ascribed a storm near Corinth. ‘These four
appearances of comets occurred during the long period of
82 Olympiads: viz. the fall of aérolites, according to the
Parian Chronicle, Ol. 78, 1. (468 B. c.), under the Archon
Theagenides ; the great comect of Astcts which appeared -
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For the explanation of what has been said above of the
remark of Chinese astronomers on the oceasion of their
obscrvation of the Comet of March, 837, in the dynasty of

at the time of the earthquake at Achaia, and disappearcd
in the constellation of Orion, in Ol 101, 4 (373 m.c.):
Eucles, the son of Molon, crroneously called Euclides Dio-
dorus. (xii. 53,) in Ol 88, 2 (427 B.C.), as is also cou-
firmed by the edmmentary of Johannes Philoponus; the comet
of Nicomachus in OL 109, 4 (341 B.c.). The date as-
signed by Pliny for the jube c¢ffigies mulala in hastam, is
Ol. 108 (Plinius,ii. 25). Sencca also agrees in connccting
the comet of Asteus (OI. 101, 4) immediately with the earth-
quake in Achaia, as he mentions the downfall of Bura and
Helice, which towns Aristotle does not cxpressly mention, in
the following manner: “RLffigicm ignis longi fuisse, Callis-
thenes tradit, antecquam Burin ¢t Helicen mare absconderet.
Aristoteles ait, non trabem illam, sed cometam fuisse.”” ¢ Callis-
thenes affirns that the fiery shape appeared long before the
sea overwhelmed Buris and Ilelice.  Aristotle says that this
was not a meteor, but a comet.” (Sencea, Nal. Quast. vii. 5).
Strabo (viii. p. 384, Crs.) places the downtall of these two
frequently mentioned towns two years before the battle of
Leuctra, whence agnin results the date, Ol. 101, 4.  Finally,
after Diodorus Siculus had more fully deseribed this cvent
as having occurred under the Archon Astcus (xv. 48, 49),
he places the brilliant comet which threw shadows (xv. 50)
under the Archon Alcisthenes a year later, OF 102, 1
(372, A.c.), and as a prediction of the decline of the
Lacedemonian rule; but the later Diodorus had the habit of
transferring an cvent from one year to another : and the oldest
and most reliable witnesses, Aristotle and the Parian Chronicle,
speak in favour of the epoch of Astcus before that of Aleis-

enes. Now since the assumption of a period of revolution for
the beautiful Comet of 1843 of 147§ years, leads Boguslaw ki
to assign to its appearances the dates 1695, 1548, 1401, and
1106 up to the year 371 before our era, the comet of the earh-
guake of Achaia corresponds with it, according to Aristotle,
within two—according to Diodorus to within one year : which,
if we could know gnything of the similarity of the orbit, is,
when teking into consideration the probable disturbances,
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Thang, I insert here a translation from Ma-tuan-lin' of the
verbal statement of the law of direction of the tail. It 1s
said there: “In general the tail of a comet which is situated

during a period of 1214 years, certainly a very small error.
‘When Pingré, in the Comélographie (1783, tom. i. pp. 259~
262), relying upon Diodorus and the Archon Alcisthenes
instead of Asteus, places the comet in question in Orion, in -
Ol. 102, and still in the commeneement of .'!'uly, 371 before
Christ, instead of 872; the reason perhaps lies in the cir-
cumstance that, like some other astroncmers, he characterises
the first year before the Christian era, as anno 0. It is to be
observed, in conclusion, that Sir John Hersehel assumes for
the Comet of 1843, scen in full daylight ncar the Sun, an
entirely different period of revolution, one of 175 years; which
lcads to the yecars 1668, 1493, and 1318, as the dates of its -
previous appearances. (Compare Outlines, pp. 208-372, with
Galle, jn Olbers’ Cometenbaknen, p. 208; and Cosmos, vol. i.
p- 126.) Other combinatiops by Peirce and Clausen. lead
to periods of revolution of cven 214 or 7} years:—a suffi-
cient proof how hazardous it is to trace back the Comet
of 1843 to the Archonship of Asteus. The mention of a comet
under the Archonship of Nicomachus, in the Meteorol. lib. i.
cap. vii. 10, has at least the advantage of showing us that this
work was written when Aristotle was at least 44 yeais of age.
It has always appeared to me remarkable that the great man,
as he was already 14 ycars old at the time of the carthquake at
Achaia, and of the appearance in Orion of the great comet
with a tail 60° in length, should speak with so little anima-
tion of so brilliant an object, and content himsclf with enume-
rating it among the other comets * which had appeared in his
time.” The astonishment increases when in the same chapter
the statement is found that he had scen with his own eyes
something misty, even a fecble haze (xopp) round a fixed star
in the hip-bone of the Dog (perhaps P’rocyon in the small Dog.)
(Meteorol. i. 6, 9.) Aristotle also speaks (i. 6, 11) of his
observation of the occultation of a star in Gemini by the dise of -
Jupiter. With regard to the vaporous or nebulous envelope
of Procyon ( ?), it recalls to my mind a phenomenon of which
frequent mention is made in the old Mexicen annals aceording
* to the Codex Tellerianus. * Thisyear,” it is said there, * Oitlal-
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eastwards from the Sun is directed towards ‘the east, caleu-
lating from the nucleus; but if the comet appears to the
west of the Sun, the tail turns towards the west.”””® Fracas-
toro and Apianus say, still more correctly, *that a line
produced through the head of a comet in the direction of the
axis of the tail meets the Sun.” The words of Scneca are
also characteristic : #¢ The tails of comets fly from the Sun's
rays.” (Nat. Quest. vii. 20.) While among the yet known
planets and comets the periods of rotation dependent upon
the half-major axis, the shortest and the longest of the planets
are in the proportion of 1: 683, the proportion in the case
of the' comets is as 1: 2670. Mecreury (87d:97.) is here
compared with Neptunce (60,126d'7.), and the Comet of
Encke (33 years) with the Comet of 1680 (8814 years)
observed by Gottfried Kirch at Coburg, Newton, and Ialley.
The distance of the fixed star nearest to our solar system (a
Centaari) from the aphelion (point of greatest distance from
the Sun) of the last-numed comet is determined by Encke in
an excellent treatise. The small velocity of its motion (ten
feet in a sccond) in this outcrmost part of its orbit, the
greatest proximify which the Comet of Lexcll and Burckhardt
(1770) has attaived to the earth {six times the distance of the
Moon), and the Comet of 1680 (and still more that of 1843) to
the Sun, I have already treated of in Cosmos, vol. i. p. 95, and
vol. iv. pp. 8561—353. The second comet of the year 1819,
which appeared, in Europe, suddenly to break forth from cut
of the Sun’s rays in considerable magnitude, passed, according

choloa smoked again;” this is the name of the planet Venus,
also called Tlazotcotl in the Aztec language (see my ¥V ies
des Cordilléres, tom. ii. p. 303): this is probubly, in the
Grecian as well as the Mexican sky, a phenomenon of atmo-
sphetic refraction—the appearance of small haloes.

B Edward Biot, in the Comptes rendus, tom. xvi. 1843,
p- 751. °
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to the calculation of its clements, across the Sun's dise on the
26th of June;* unfortunately its passage was not observed.
This must also have been the case with the Comet of 1823,
which, besides the ordinary tail turned from the Sun, had
also another turncd dircetly towards it. If the tails of both
comets had a considerable length, vaporous parts of them must
have mixed with our atmosphere, as certeinly often happens.
The question has been raised as to whether the wonderful
mists of 1783 and 1851, which corered a great part of the Con-
tinent, were consequences of such an admizlure ?™
‘While the quantity of radient heat reccived by the Comets
of 1680 and 1843 in such close proximity to thc Sun has
» been compared to the focal temperature of a 32-inch burning
mirror;"® a highly-deserving® astronomical friend of mine

B Galle, in the Supplement to Olbers’ Cometenbahnen,
p. 221, no. 130. (With respeet to the probable passage of
the two-tailed comet of 1823, sce Edinb. Rev. 1848, no. 175,
P. 193.) The treatise shortly before quoted in the text, con-
taining the truce clements of the Comet of 1680, contradicts
Halley’s fantastic idea, according to which, with a presumed
period of 575 years, it had appcared at all the great epochs
of the human race: at the time of the Deluge according to
Hebrew traditions, in the age of Ogvges according to Greek
traditions, at the Trojan war, on the destruction of Nineveh,
on the death of Julius Cwesar, &e. The period of revolution
resulting from Encke's culculation is 8814 years. The least
distance from the surface of the Sun was, on the 17th -of
December, 1680, only 128,000 gcographical miles; conse-
quently 80,000 less than the distance of the Earth from the
Moon. The aphelion is 8533 times the distance of the Earth
from the Sun, and the proportion of the smallest to the greatest
distance from the Sun is as 1= 140000.

18 Arago, in the Annuaire pour 1832, pp. 236-255.

s Sir John Herschel, Outlines, §. 592.

Y Bernhard von Lindenau, in Schumacher, Astr. Nackr,
no. 698, p. 25.

-
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maintains that “all comets which are without a solid nucleus
(on account of their extremcly small density), have no solar
heat, only the temperature of cosmical space.”"™ If we take
into consideration the numerous and striking analogies of
the phcnomena which, according to Mclloni and Forbes,
luminous and non-{pminous sources of heat present, it ap-
pears difficult, ip the present state of our physical reasoning,
not to assume that processes go on in the Sun itself which
simultaneously produce radiant light and radiant heat by
vibrations of the ether (waves of different lengths). The
darkening of the Moon by a comet, stated to have taken
place in the year 1454, which the Jesuit Pontanus, the first
translator of the Byzantine author, George Phranza, believed
that he had discovered in a monkish manuscript, has long.
been mentioned in many astronomical works. This state-
ment of the passage of a comet between the Earth and Moon
in 1454 is quite as erroneous as that asscrted by Lichtenberg
of the Comet of 1770. The Chronicon of Phranza first ap-
peared complete at Vienna in 1796, and it is said there
expressly, that in the ycar of the world 6962, while an eclipse
of the Moon took place, @ comet like a mist appeared and
came near to the Moon quite in the ordinary manner, according
to the order and circular orbits of the heavenly luminaries.
The year of the world (=1450) is incorrect, as Phranza says
distinetly the eclipse of the Moon and the appearance of the
comet were seen affer the taking of Constantinople (May the
19th, 1453), and an eclipse of the Moon actually happened
upon the 12th of May, 1454. (See Jacobs, in Zach’s Alonatl.
Corresp. bd. xxiii. 1811, pp. 196-202.)

The relation of Lexell's Comet to the satellites of Jupiter,
and the perturbation which it suffers from them without influ-
enving their periods of revolution (Cosmos, vol. i. p. 96), have

2 Cofmos, vol. iii. pp. 42 and 45.
TOL. 1V, 8
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been more accurately investigated by Leverrier. Messicr
discovered this remarkable comet as a feeble nebulous spot in
Sagittarius upon the 14th of June, 1770; but eight days
after, its nucleus shone as brightly as a star of the 2nd
magnitude. Bcfore the perihelion passage, no tail was
visible ; afterwards it developed itself by slight emanations
scarcely one degree in length. Lexcll found for his comet an
elliptic orbit, and the period of rotation of 5:585 years, which
Burckhardt confirmed in his excellent prize essay. According
to Clausen it had approached the Earth upon the 1st of July,
1770, to a distance of 363 times the Earth’s radius (1,244,000
geographical miles, or six times the Moon’s distance). That
the comet was not scen before March, 1776, and not later than
October, 1781, according to Lexell's previous conjccture, is
analytically demonstrated by Laplace, in the fourth volume of
the Mécanique Céleste, from the perturbations occasioned by
the Jovial system on the occasion of the approximations in
the years 1767 and 1779. Leverricr finds that according to
one hypothesis respecting the cometary orbits, this comet
possed through orbits of the satellites in 1779 ; according to
another, that it remained at a considerable distance without
the fourth satellite.

The molecular conditious of the head or nucleus, so seldom
possessing a definite outline, as well as the tail of the comets,
is rendered so much the more mysterious from the fact thatit
causes no refraction, and, as was proved by Arago’s important
discovery (Cosmos, vol. i. p. 90, and note), that the cometary
light contains a portion of polarized light, and consequently
reflected sun-light. Although the smallest stars are seen in
undiminished brilliancy through the vaporous emanations of
the tail, and even through the centre of the nucleus itself, or

¥ Leverrier, in the Comples Rendus, tom. xix. 1844,
982-993, '
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at least in very great proximity to the centre (per centrum
non aliter quam per nubem ultcriora cernatur: Sencca, Naz.
Quaest. vii. 18); so, on the contrary, the analysis of the
cometary light in Arago’s cxperiments, during which I was
present, shows that the vaporous envelopes are capable® of
reflecting light notyithstanding their extremely slight den-
."sity, and that these bodics have “ an imperfect transparency,™
since light docs not pass through them unimpeded.” In this
group of vaporous bodies, the solitary instances of great
luminous intensity, as in the Comet of 1343, or the star-like
" shining of a nucleus, cxcite so much the more astonishment
when it is assumed that their light procceds solely from a reflge-
tion of the solar rays. Is there not, however, in addition to
this, a peculiar light-producing process going on in the comets?
The brush-like membered tails emanating from the comets,
and consisting of vapoury matter of millions of miles in
length, diffuse themsclves in space; and form, perhaps, cither
the resisting medium® itsclf, which gradually contracts the
qrbit of Encke’s Comet, or they mix with the old cosmical
matter which has not aggregated into spheres, or condensed
into the rings, and which appears to us as the zodiacal light.
‘We sce, as it werce, before our eyes, material particles dis-
appear, and can scarcely conjecture where they again collect.
However probable may be the condensation, in the neighbour-
hood of the central body of our system, of a gaseous fluid
‘filling space, still in the case of the comets whose nuclei,
according to Valz, diminish in the perihelion, this fluid con-

* ® Newton considered that the most brilliant comets shone,
only with reflected sun-light. “Splendent cometz,” saysbn.
“luce Solis a se reflexa.” (Princ. Mathem. ed. Le Seur/et
Jatjwer, 1760, tom. iii. p. 577
& Bessel, in Schum. .;;thrbuchfor 1837, p. 169.
B Qosmos, vol. i."p. 92, and vol. iii. p. 47.
- 82 ¢
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densed there, can scarcely be looked upon as pressing upon
a vesicular vapoury envclope.® Although in the streamers of
the comets the outlines of the reflecting portion of the
vapoury envelope is gencrally very indefinite, the circum-
stance that in some individuals (for example, Halley’s Comet
at the 2nd of January, 1836, at the Cape of Good Hope), a
sharpness of outline has been obscrved on the anterior para-
bolic part of the body, such as our masscs of clouds seldom
present, is so much the more striking and instructive as to the
molecular condition of these bodics. The celebrated observer
at the Cape comparcd the unusual appearance, testifying to
the, intensity of the mutual attraction of the particles, with
that of an alabaster vessel strongly illuminated in the in-
terior.

Since the appcarance of the astronomical part of my
Delineation of Nature, the cometary world has presented a
phenomenon whose mere possibility could scarcely have been
suspected beforechand. Bicla’s Comet, an inferior one of

8 Valz, Essai sur la détermination de la densité de Dether
dans Uespace planétaire, 1830, p. 2 ; and Cosmos, vol. i. p. 91.
The so-carefully observing and always inprejudiced Hevelius
had also directed attention to the increase in the size of the
cometary nuclei, with incrcased distance from the Sun. (Pingré,
Cométographie, tom. ii. p. 193.) The determinations of the
diameter of Encke's Comet in the perihelion is very difficult,
if accuracy is desired. The comet is a nebulous mass, in.
which the centre, or one point of it, is the brightest, even
prominently bright. From this point, which however presents
no appearance of a disc, and cannot be called a comet-kead,
the light decreases very rapidly all around, and at the same
time the vapour elongates towards one disc, so that this
elangation appears as a tail. The measurements, therefore,
refér to this mass of vapour, whose circumference, without
havin) really definite boundaries, decreases in perihelion. *

% Sir John Herschel, Resulls-of Astronomical Observations
¢3 the Cape of Good Hope, 1847, § 366, pl. xv. and xvi.
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short period, 6} years in its revolution, has separated into
two comets of similar figure though unequal dimensions,
both having a head and tail. So long as they could be ob-
served, they did not unite again, and procceded on their
course separatcly, almost parallel with each other. Ilind
had, on the 19th of Deeember, 1845, already remarked a kind
of protuberance towards the north; but on the 21st there
was, according to Encke's obscrvation in Berlin, still no
signs of a scparation visible. The subsequent separation was
first dctected in North America on the 29th of December,
1845 ; in Lurope. not until the middle and end of January,
1846. The new smaller comet procceded towards the
north. The distance of the two was at first 3’, after-
wards (February 20th), according to Otto Struve’s interesting
drawing, 6% The luminous intensity varied in such a
manner that the gradually increasing secondary comet for
some time excceded the principal comet in brightness. The
ncbulous envelopes which surrounded cach of the nuclei had
no definite outlines: that of the larger comet indeed showed
«a less luminous protuberance towards S.S.W.; but the space
between the two comets was scen at Pulkowa quite free from
ncbulous matter® A few days later, Lieutenant Maury in
Washington remarked, with a ninc-inch Munich refractor,
rays which procecded from the larger older comet to the
smaller new one, so that a kind of bridge-like connection was

3 The subsequent (5th of March) increase of distance seen
to the extent of 9° 19' was, as Plantamour has shown, merely
apparent and dependent upon the approximation to the Earth.
Both parts of the double comet remained at the same dis.ance
from ench other from }ebruary until the 10th of March.

» « Le 19 Février, 1846, on apergoit le fond noir du ciel
qui sépare les deux cométes.”—Otto Struve, in the Bulletin
physico-mathématique de I Acad. des Sciences de S8i. Pétors-
bourg, tom. vi. nog4.
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"produced for some time. On the 24th of March, the smaller
comet was scarcely perceptible, on account of the decreasing
luminous intensity. The larger one only was seen up to the
16th or 20th of April, when this also disappeared. I have
described the wonderful phenomenon in detail,® so far as it
could be observed. Unfortunatcly, the actual separation and
the immediately previous condition of the ulder comet escaped
observation. Did the scparated comet becomt invisible only
on account of distance and feeble luminosity, or did it resoive
itself? Will it be again detected as an atfendant, and will
the Comet of Biela present similar anomalies at other re-
appearances ?

The formation of a new planetary body by separation natu-
rally excites the question, whether, in the innumerable comets
revolving round the Sun, several have not originated by a
similar process, or do not daily originate so? whether they
may not acquire different orbits by retardation, 4. e. unequal
velocity of revolution, and the uncqual influcnce of pertur-
bations? In a treatise alrcady alluded to, Stephen Alexander
has attempted to explain the gencsis of all the interior comets
by the assumption of such an hypothesis, certainly but inade-
quately founded. In antiquity also similar occurrences appear
to have been observed, but not sufficiently described. Seneca
states, upon the authority, as he himself says, of an unreliable
witness, that the comet which was considered to have caused
the destruction of the two towns of Helice and Bura sepa-
rated into two parts. He adds ironically, why has no one
seen two comets unite to form one?® The Chincse astro-

& Compare Outlines, § 580-583 ; Galle, in Olbers’ Cometen-
ba];nm, P. 282. : ’
« Ephorus non religiosissimes fidei, seepe decipitur,
decipit. Sicut hic Cometem, qui omnaium mortn.ﬁum ’oeuﬁg'
custoditus cst, quia ingentis rei traxit eventus, cum Helicen
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nomers speak of *three dome-formed comets,” which ap-
peared in the year 896, and pursued their course together.®
Among the great number of calculated comets, there are
" up to the prescnt time eight known, whose period of revolu-
tion is shorter than that of Neptune. Of these eight, siz are
tnterior comets, 8. e. such whose aphelia are within the orbit
of Neptune, viz. the comets of Encke (aphelion, 4:09) of
De Vico, (5:02), Brorsen (5°64), Faye (5:93), Bicla (6-19),
and D'Arrest (6'44). If the distance of the Earth from the
Sun is taken as == 1, the orbits of all these six interior comets
have ‘aphelia which are situated between Hygiea (3°15), and a
limit which is nearly 11 the Earth’s distance from the Sun
beyond Jupiter. The two other comets, likewise of a shorter
period of revolution than Neptunc, are the 74-year Comet
of Olbers, and the 76-ycar Comet of Halley. Up to the year
1819, when Encke first discovered the existence of an interior
comet, these two latter ones were those of the shortest period
among the then-calculated comets. Olbers’ Comet of 1815,
and Halley's Comet are, since the discovery of Neptune,
situated in their aphelin only 4, and 52 times the Earth’s dis-
tance from the Sun—bceyond the limits which would allow of
their being considered interior comets. Although the term
inierior comet may suffer alteration from the discovery of
Trans-neptunias planets since the boundary which determines
whether a comet is to be called an interior one is changeable,

et Burin ortu suo merserit, ait illum discessisse in duas
stellas : quod preter illum nemo tradidit. Quis enim posset
observare illud momentum, quo Cometes solutus et in duas
]cuzlus redactus est? Quomodem autem, si est qui viderit

metem in ‘duss dirimi, nemo vidit fieri ex duabus ?”e
Sene¢a. Nat. Quest. lib. vii. cap. 16. '

® Edward Biot, Recherches sur les Cométes ge la collection
de Ma-tuan-lin, in the Comptes rendus, tom. xx. 1845,
p. 834. ® -
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still this term is prefcrable to that of comets of skort period,
from the fact that it is in each epoch of our knowledge
dependent upon something definite. The six interior comets
now accurately calculated, certainly vary in their periods of
revolution only from 83 to 74 years; but if the return of the
comet discovered by Peters at Naples, upon the 26th of June,
1846 (the 6th comct of the year 1846 with a half major axis
of 6:32), after a period of 16 years, should be confirmed,® it
may be forescen that intermediate members, in reference to
the duration of the period of revolution, will gradually be dis-
covered between the Comets of Faye and Olbers. Then it
would be difficult in future to fix a limit for the skortness of
the period. Here follows the table in which Dr. Galle has
arranged the clements of the six ¢nferior comets.

® Galle, in Olbers’ Aethode der Cometenbaknen, p. 232,
No. 174. The comets of Colla and Bremiker of the years
1845 and 1840, present elliptical orbits with proportionately
not very short periods of revolution. (I allufr to the 3065
and 8800 gears of the Comets of 18/1 and 1680). They
appear to have periods of revolution of only 249 and 844
yours. (See Gulle, op. cit. pp. 229 and 231.)
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. From the summary here given, it follows that since the diss
covery of Encke’s Comet® asan énferior one in the year 1819,
up to the discovery of the interior comet of D’Arrest, scarcely

% The short period of revolution of 1204 days was dis-
covered by Encke on the rcappearance of his comet in the
year 1819. See the first calculated elliptical orbits in the
Berliner. Astron. Jalrbuch, for 1822, p. 193, and for the
constants of the resisting medium assumed to explain the
‘accelerated revolution.  Incke's Vierte Abhandlburg in the
Schriften der Berl. Akademie for the year 1844. (Compare
Arago, in the Annuaire for 1832, p. 181 : in the Lettre a M.
Alexandre de Humboldt, 1840, p. 12; and Galle, in Olbers’
Cometenbaknen, p. 221.) As bclonging to the history of
Encke’'s Comet, 1t must here be called to mind that so far as
our knowledge of the observations extends, it was first seen
upon two days by Méchain on the 17th of January, 1786:
then by Miss Carolina Herschel from the 7th to the 27th of
November, 1795 ; afterwards by Bouvard, Pons, and Huth,
from the 20th of October to the 19th of November, 1805;
finally, as the tenth reappearance since Méchain’s discovery in
the year 1786, by Pons from the 25th of November, 1818, to
the 12th of January, 1819. The first reappearance calculated
beforehand by Encke. was observed by Rimker at Paramatta.
(Galle, op. cit. pp. 215, 217, 221. and 222.) Biela’s interior
scomet, or as it is also called, Bicla’s and Gambart’s, was first
seen by Montaigne on the 8th of March, 1772 ; then by Pons
on the 10th of November, 1805+ afterwards on the 27th of
" February, 1826, at Joscphstadt in Bohemia, by Von Biela; and
on the 9th of March by Gambart, at Marseilles. The earliest
rediscoverer of the comet of 1772 is undoubtedly Biela, and not
Gambart ; but on the other hand, he calculated the elliptical
clements of its orbit carlier than Bicla, and nearly at the
‘same time as Clausen. (Arago, in the 4nnuaire of 1832,
p. 184; and in the Comptes Rendus, tom. iii. 1836, p. 415.) The
first re-appearance of Bicla’s Comet, calculated beforehand,
was observed by Henderson, at the Cape of Good Hope, in
October and December, 1832, The already mentioned wop-
derful doubling of Biela's Comet by separation, took place at
its 11th reappearance since 1772, at the e~d of the year 1845,
{Sec Galle, y Olbers, pp. 214, 218, 224, 227, and 282.)
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82 years have elapsed. Yvon Villarceau has also given

, elliptic elements for the last-named in Schumacher’s Astron.
Nachr. no. 778, and has at the same time with Valz put
forward some conjecturcs as to its identity with the Comet of

" 1678, observed by La Hire, and calculated by Douwes. Two
other comets, apparently of from 5 to 6 year periods of revo-
lution, arc the 8rd of 1819, discovered by Pons, and calculated
by Encke; and the 4th of 1819, discovered by Blanpain, and
according to Clausen identical with the 1st of 1743. But
neither of these can be classed with those which, from longer
and more accurate obscrvations, present a greater certainty
and completencss of their elements.

The inclination of the orbits of the snferior comets to the
plane of the ecliptic is, upon the whole, small, between 3° and
13°; that of Brorsen’s Comet alonc is very considerable, and
reaches 31°. All the hitherto discovered nterior comets have,
like the principal and secondary plancts of the entire solar
system, a direct motion (from west to cast, proceeding in their
orbits). Sir John Herschel has directed attention to the great
tarity of retrograde motion of comets having a slight inclina-

® tion to the plane of the ecliptic® This opposite direction of
motion which occurs only with a certain class of planetary
bodies, is of great importance in reference to the very univer-
sally prevailing opinion as to the formation of the planctary
bodies belonging to one system., and as to the primitive, impul-
sive, and projectile forcc. It shows us the cometary world,
although subject even at the remotest distances to the attraction
of the central body, in greater individuality and independence.
Such a mode of viewing the subject has led to the-idea of
considering the comets as older™ than the planets—as it were

- B QOutlines, § 601. )
«® Laplace, Ezpos. du Systéme du Monde, pp. 396 and 414.
The special view of Laplace as to the comets being ¢ wandering
nebulwe,” (petites nébuleuses errantes de systémes en systéme,
solaires,) * stands in opposition to the progress which has becy
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primitive forms of the loosely aggregating matter in space.
Under these presuppositions it becomes a question whether,
notwithstanding the cnormous distance of the nearest fixed
stars, whose parallax we know from the aphelion of the Comet
of 1680, some of the comets which appear in the heavens may
not be merely wanderers through our solur system, moving
from one Sun to another? "

Next in order to the group of comets, I shall speak of the
ring of the zodiacal light, as with great probability belonging
to our solar region, and after that of the swarms of meteoric

" asteroids which somctimes fall upon our carth, and with
regard to whose existence, as bodies in space, by no means
.unanimous opinions prevail. As in accordance with the

» course adopted by Chladni, Olbers, Laplace, Arago, Sir
Jobn Herschel, and Bessel, I consider the aérolites to be of
decidedly extra-terrestrial cosmical origin, I may venture, at
the conclusion of the section upon the planets, confidently
to express the expectation that, by continued accuracy in
the observation of agrolites, fire-balls, and shooting-stars, the
- opposite opinion will disappear in the same way that the opi-
nion, universally diffused up to the sixteenth century, as to'
the meteoric origin of the comets has long done. 'While these
bodics were considered by the astrological corporation of
¢ Chaldeans in Babylon,” by the greater part of the Pytha-
gorean school, and by Apollonius Myndius, as cosmical bodies
reappearing at definite periods in long planetary orbits, the

*powerful anti-Pythagorean school of Aristotle and that of
Epigenes, controverted by Seneca, declaved the comets to be
productions of meteorological processes in our atmosphere. ®

made since the death of the great man, in the resolvability of so
many nebulous spots into crowded heaps of stars ; the circum-
plance also that the comets have a portion of reflected

rized light. which the self-luminous bodies are destitute of.
Compare Cosmos, vol. iii. pp. 192, 803, 8Y5. o

¢« ¥ There were divisions of opinion at Babylon in the learned
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Analogous fluctuativns between cosmical and terrestrial hypo-
* thesek, between universal space and the atmosphere, still lead
at lust to a more correct view of natural phenomena.

Chaldean school of astrologers, as well as among the Pytha-
goreans, and, properly speaking, among all ancient schools.
Seneca (Nat. Ques?. vii. 3) quotes the antagonistic evidence
of Apollonius Myndius and Epigenes. The latter is scldom
mentioned, yet Plinius (vii. 57.) represcnts him as * gravis
auctor in primis,” as does also, without praise, Censorius
de die natali, cap. xvii. and Stob. Ecl. Phys. i. 29, p. 586, ed.
Heeren. (Compare Lobeck, Aglaoph. xi.) Diodorus (xv. 50)
believes that the universal and prevailing opinion among the
Babylonian astrologers (the Chaldeans), was that the comets
reappeared at definite times in their ceréfain orbits. The
division which prevailed between the Pythagoreans, as to the
planetary nature of the comets, and which is mentioned by
Aristotle (Meteorol. lib. i. cap. vi. 1.) and Pseudo-Plutarch
(de Plac. Philos. lib. iii. cap. 1i.), extended, according to the
former (Meteorol.i. 8, 2), also to the nature of the Milky Way,
the forsaken course of the Sun, or of the overthrown Phaéton.
(Compare also Letronne, in the Mém. de I Acad. des Inscrip-
tions, 1839, tom. xii. p. 108.) By some of the Pythagoreans
the opinion of Aristotle was advanced, * that the comets be-
longed to the number of those planets which, like Mercury,
only became visible after a long time when rising in the
course above the horizon.” In the extrcmely fragmentary
Pseudo-Plutarch it is said, that they ¢ ascend at definite
times after a complete revolution.’ A great deal of matter
contained in separate works, referring to the’ nature of the
comets, has been lost to us, that of Arrian, which Stobseus
employed; of Charimander, whose mere name bas been
retained only by Seneca and Pappus. Stobeus brings forward,
as the opinion of the Chaldeans (Eelog. lib. i. cap. xxv. p. 61,
Christ. Plantinus,) that the reason the comets remain so sehiom
visible to us, is because they hide themselves in the depthe
of the ether (of space), like the fish in the depths of the
obean. The most graceful, and in spite of its rhetorical
colouring, the beg founded opinion of antiquity, and the

ne corresponding most closcly with present views, is that of
Seneca. In the Naf. Quest. Lib. vii. cap. xxii. xxv, and xxxi.
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we read, “ Non enim existimo Cometem subitaneum ignem sed
inter eeterna opera naturee. Quid enim miramur, cometas,
tam rarum mundi spectaculum, nondum teneri legibus certis?
nec initia illorum finesque patescere, quorum ex ingentibus
intervallis recursus est? Nondum sunt anni quingenti, ex
quo Gremcia . . . . stellis numeros ¢t nomina fecit. Mul-
teeque hodie sunt gentes, quee tantum facie noverit ccelum ;
quee nondum sciant, cur Luna deficiat, quare obumbretur,
Hoc apud nos quoque nuper ratio ad certum pérduxit. Veniet
tempus, quo ista, que nunc latent, in lucem dies extrahat
et longioris wvi diligentia. Venict tempus, quo posteri nostri
tam aperta nos nescisse mirentur. Eleusis servat, quod osten-
dat revisentibus. Rerum natura sacra sua non simul tradit.
JInitiatos nos credimus; in vestibulo ejus heeremus. Illa arcana
non promiscue nec omnibus patent, reducta et in interiore
sacrario clausa sunt, Ex quibus aliud heee wotas, aliud que
post nos subibit, dispiciet. Tarde magna proveniunt.” * For
I do not think that comets are a casual outburst of fire, but
belong to the eternal works of nature. For why should it
surprise us that comets, so rarea phenomenon, should not yet
be subject to the regulation of any known laws? and that
their origin and ends should be hid from us, who see them
only at immense intervals? It is not yet five hundred years;
since Greece gave names and number to the stars. And to
this day there are many nations who know nothing of the
heavenly bodies but as they appear to the eye, who are still
ignorant of the causes of the waves and eclipses of the moon; .
even we ourselves have ouly latcly attained an accurate know.
ledge of these phenomena. The time will arrive when the
diligence of a remoter age shall throw light on subjects which
are now involved in obscurity. The time will arrive when
our posterity will wonder at our ignorance of things so plain
t8 them, Eleusis reserves her favours for those who repeat
their visits. Nature does not permit us to explore her sanc-
tuary all at once. We belicve we are initiated; whereas we
halt at the very threshold. Those mysteries are not revealed
indiscriminately to all; they are laid up and enshrined within
the penetralia. Some are revealed to the men of our age;
'llo;noi to those who shall come afterus. Gureat results proceed
wly. .
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1v
THE RING OF THE ZODIACAL LIGHT.

In our solar system, so rich in varieties of form, the ex.
istence, place, and configuration of many individual members
have been discovered, since scarccly a century and a half, and
at long intervals of time: first, the subordinate, or particular
systems, in which, analogous to the principal system of the
Sun, smaller spherical cosmical bodics revolve round a larger;
then concentrie rings round one, and that indeed onc of the
less dense and exterior planets which possesses the greatest
number of satcllites; then the existence, and probably ma-
terial cause, of the mild, pyramidal-formed, 2ndiacal light,
very visible to the naked eye; tlien the mutually intersecting
orbits of the so-called small plamets, or asteroids, inclosed
between the regions of two principal planets, and situated
beyond the zodiacal zone; finally, the remarkable group of

" interior comets, whose aphclia are smaller than those of
Saturn, Uranus, and Neptune. In a cosmical representation
of universal space, it is nécessary to call to mind the difference
of the members of the solar system, which by no means
excludes similarity of origin and lasting dependence upon tho
moving forces.

Great as is the obscurity which still envelops the material
cause of the zodiacal light, still, however, with the mathe-
mgtical certainty that the solar atmosphere can not reach
beyond of5 of the’ distance of Mercury, the opinion supported
‘by Laplace, Schubeft, Arago, Poisson, and Biot, according to
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which the zodiacal light radiates from a vapoury, flattencd
ring, freely revolving iri space between the orbits of Venus
and Mars, appears in the very deficient state of observation
to.be the most eatisfactory. The outermost limits of the
/Sun’s atmosphere, like that of Saturn (a subordinate system),
could only cxtend to that point where the attraction of the
universal or partial central body cxactly balanced the centri-
fugal force ; beyond this point the atmospheré must escape at
a tangent, and continue its course cither aggregated into
spherical planets and satellites, or, when not aggregated into
spheres, as solid and vaporous rings. From this point of view
the ring of the zodiacal light comes within the category of
planetary forms, which are subject to the universal laws of
_ formation. -
From the small progress which this neglected part of our
astronomical knowledge makes on the-path of observation,
I have little to add to that which I derived from the expe-
_rience of others and myself, and have previously developed
in the Delineation of Nature (vol. i. pp..127-184; vol. iv,
p. 808). 1If, 22 years before Dominique Cassini, to whom
the first detection of the zodiacal light is erroneously as-
cribed, Childrey, the chaplain of Lord Henry Somerset, had
already recommended this phenomenon to the attention of
astronomers in his Britannica Baconica, published in 1661, as
one which had previously been unnoticed and observed by him
during several years, in February and the commencement of
March ; so must I also mention (according to a remark of
Olbers) a letter which Rothman wrote to Tycho, from whence
it results that Tycho saw the zodiacal light as early as the end
of the sixteenth century, and considered it to be an abnormal
spring-evening twilight. The strikingly greater luminous
intensity of this phenomenon in Spain, upon the coasts of
Valencia and the plains of New Castile, first incited me to
continuous observation before I left Europe. The strength of
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the light—it might almost be called illumination——increased

\ surprisingly the more I approached the equator in South Ame-
rica and the South Sea. In the continually dry, clear air of
Cumana, in the grass-steppes (llanos) of Caracas, upon the
clevated plains of Quito and the Mexican scas, especially at
heightsfrom elg,htto twelve thousand feet, where I could remain
longer, the bnghtness sometimes exceeded that of the most
beautiful sparks of the Milky Way between the forcpart of
Argus and Sagittarius, or, 1o npcak of our part of the hcmis-
phere, between the Eagle anil the Swan.

Upon the whole, the brightness of the zodiacal light did not
appear to me to increase at all perceptibly with the eZevation of
the point whence it was seen, but much rather to depend prin-
cipally upon the interior variability of the phenomenon itself—
upon the greater or less intensity of the light-giving process:
as is shown by my observations in the South Sea, in which
indeed a reflection was remarked, like that secen on the
going down of the Sun. I say principally, since I do not
deny the possibility of a simultancous influence of the condi-
tion of the air (greater or less diaphanity) of the higher
strata of the atmosphere, while my instruments indicated in
the lower strata, no hygrometric variations, or much rather
‘favourable ones. Advances of our knowledge of the zodiacal
light are to be expected cspecially from the tropics, where
the meteorological processes attain the highest degree of
uniformity or regularity in the periodical recurrence of the
changes. The phenomenon is there perpetual} and a careful
comparison of observations at points of different elevation and
under different local conditions, would, with the application
of the theory of probabilities, decide what should be ascribed
to cosmical hghb-processes, what to merely meteorological

uences.

It has been repeatedly affirmed that in Europe scarcely any
zodiacal light, or oftly a feeble trace of it, could be seen in

VOL. 1IV. T
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several successive ycars. Ilas the light appeared propor-
tionately weakencd in such years in the equinoctial zone,also 2,
The investigation must not, however, be restricted to the
statement of the configuration according to the distance from
known stars or dircet measurements. The intensity of the
light, its uniformity or probable intermittence (darting and
flashing), its analysis by the polariscope,*should be especially. .
investigated.  Arago (dnnuaire pour 1836, p. 289) has
already pointed out that the comparative observation of
Dominique Cassini, would perhaps clearly prove *‘ que la
supposition des intermittences de la diaphanité atmosphé.
rique ne saurait suffire & Pexplication des variations signalées
par cct astronome.” *That the supposition of intermittent
variations in the diaphanity of the atmnosphere, would not
suffice for the explanation of the chunges indicated by that
astronomer.” '
Immediately after the obscrvations of this great astronomer
at Paris, and of his friend Fatio de Duillier, an inclination to
similar labours showed itself in Indian travellers (Father
Noél, de Béze and Duhulde); but isolated reports (for the
greater part ouly describing the gratification experienced at
the unusual prospect) are not available for the sound discus-
sion of the causes of the variability. Itis not by rapid travels
or so-called voyages round the world,as the labours of the active
Horner have recently shown (Zach, Monatl. Corresp. bd. x.
pp- 837-340), that the deserved object is to be obtained. It
is only by a permancnt stay of several years in some tropieal
country, that the problem of variable configuration and lumi-.
nous intensity can be soived. Therefore, the most is to be
expected for the subject which now occupies us, as well as for.
the entire science of meteorology, from the ultimate diffusion
of scientific culture throughout the cquinoctial world,—the’
former Spanish America,—where large popolous towns, Cuzco,
La Paz, Potosi, are situated between®10,700 and 12,500
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feet above the level of the sea. The numerical results which
, Houeeau was able to obtain, though certainly based upon
only a small number of observations, make it probable that
the major’ axis of the zodiacal light no more coincides with
the plane of the Sun’s equator, than the vapoury mass of the
ring whose molecuhr condition is unknown to us cxtends
beyoud the Earth's s orbit. (Schum. Astr. Nackr. No. 492.)
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Y.

FALLING STARS, FIRE-BALLS, AND METEORIC &TONEU.

" Siwce the spring of 1845, when I published the Delinea-
tions of Nature, or the general survey of cosmical pheno-
mena, the previous results of the observation of aérolites and
periodic streams of falling stars, have been abundantly ex-
tended and corrected. Much has been subjected to a stricter
and more careful crticism; especially the discussion, so
important for the whole of this mysterious phenomenon, of
the divergence, 1. e. the situation of the point of departure in
the recurring epochs of swarms of falling stars. The number
of these epochs, also, of which for a long time the August
and November periods alone attracted attention, has been
increased by recent observations, whose results present a high
degree of probability. From the meritorious labours, first of
Brandes, Benzenberg, Olbers and Besscl, subsequently of
Erman, Boguslawski, Quetelet, Feldt, Saigey, Edward Heis,
and Julius Schmidt, corresponding mecasurements have been
commenced; and a more gencrally diffused mathematical
gpirit has rendered it more difficult, through self-deception,
to make uncertain obscrvations agree with a preconceived
theory.

The progress in the study of fire-meteors would be so
much the quicker in proportion as facts are impartially sepa-
rated from opinions, and details put to the test; but nqt
everything discarded as being xmpcrfcctly observed which
Munot yet be cxplained. It appears to the most important
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to separate the physical rclations from the geometrical and
numerical rclations, which latter are upon the whole capable
of being established with greater certainty. To this class
belong altitude, velocity, individuality, and multiplicity, of
the points of departure when divergence is detected; the
mean number of fire-meteors in sporadic or periodic appear-
ances reduced acedrding to their frequency to the same
measure of tinfe, the magnitude and configuration in con-
nection with the time of year, or with the length of time
from midnight. The investigation of hoth kinds of relations,
the physical and the geometrical, will gradually lead to one
and the same end,—to genetic considerations as to the intrinsie
nature of the phenomenon.

I have already pointed out the fact that, upon the whole,
intercourse with universal space and its contents is restricted
to that which we acquire through oscillations exciting light
and Zeat, as well as by the mysterious attractive forces which
remote masses (cosmical bodies) exercise upon our terrestrial
-globe, its occans and atmospheric envelope, according to the
(uantity of their matcrial particles. The luminous vibra-
tions which proceed from the smallest telescopic stars of a
resolvable nebula, and of which our eyes are sensible, brings
us a testimony of the oldest existence of matter in the same
way that it mathcmatically demonstrates to us the certain
knowledge of the velocify and aberration of light! A sensa-
tion of light from the depths of the star-filled space of heaven

! The aspect of the starry heavens presents to us objects of
unequal date. Much has long ccased to exist before the
knowledge of its presence reaches us; much has becn other-
-wise arranged. Cosmos, vol. i. p. 144, and vol. iii. p. 90,
and note. (Compare also Bacon, Nov. Organ. Lona. 1733,
p-"371, and Will. Herschel, in the Philos. Transact. for

1802, p. 498.) o
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leads us back, by means of a chain of ideas, through myriads of
centuries into the depths of antiguity. Although the impres.
sion of light which streams of fulling stars, exploding aérolite
fire-balls, or similar fire-mcteors give, may be of an entirely
' different nature ; although they may not take fire until they
cater the Earth’s atmosphere, still the falling aérolites present
the solitary instance of a maferial connection with something
which is foreign to our planet. We are astonished * at being
able to touch, weigh, and chemically decomposce metallic and
earthy masses which belong to the outer world, to celestial
space,” to find in them the minerals of our native earth,
making it probable, as the great Newton conjcctured, that
the materials which belonged to onc group of cosmical
bodics are for the most part the same.?

For the knowledge of the most ancicnt falls of aérolites
which are determined with chronological accuracy, we are
indebted to the industry of the all-registering Chinese. Such
reports reach back to the year 644 before our era; therefore
to the time of Tyrtecus and the second Messcnian war of the
Spartans, 179 ycars before the fall of the enormous meteorie
mass near JEgos Potamos. Edward Biot has found in Ma-
tuan-lin, which contains extracts from the astronomieal
section of the most ancicnt annals of the empire, sixteen falls
of aérolites for the epoch from the middle of the seventh
century before Christ up to 333 years after Christ; while
the Greek and Roman authors mention only four such phe-
nomena during the same space of time.

It is remarkable that the Ionian school, in accordance mth
our present opinions, cnrly assumed the cosmical origin of
meteoric stones. The impression which such a magnificent
phenomenon as that of Zgos Potamos (at a point which
became still more celebrated sixty-two years afterwards hy

% Cosmos, vol. i. p. 120
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the conclusion of the Peloponnesian war by the victory of Ly-

, sander over the Athenians), made uponall the Hellenicraces,
must have excrted a decisive and not sufficiently regarded
influence upon the dircction and devclopment of the Ionian
physiology® Anaxagoras of Clazomena was at the mature
age of thirty-two years when that event of nature took place.
According to him’the stars arc masses torn away from the
earth by the vlolence of the rotation (Plut. de plac. Philos.
fii. 18). He considers that the whole hcavens may be
composed of stones (Plato, de Legib. xii. p. 967). The
stony solid bodies are made to glow by the fiery ether, so
that they refleet the light communicated to them by the
ether. Lower than the Moon, and still betiween her and the
Earth, thcre move, says Anaxagoras, according to Theo-
phrastus (Stobwus, Eclog. Phys. Lib. i. p. 560), yet other dark
bodies which can also produce eclipses of the Moon (Diog.
Laert. ii. 12; Origenes, Philosophuwmn, cap. viii.) Diogenes
of ‘Apollonia who, if he is not a disciple of Anaximenes,* still
probably belongs to an epoch between Anaxagoras and Demo-
*critus, expresses himself still more distinetly as to the strue-
ture of the world, and, as it were, more moved by the im-
pression of the great fall of aérolitcs. According to him, as
1 have already mentioncd, “ invisible (dark) masses of stone
move with the visible stars, and remain on that account
unknown. The former sometimes full upon the earth, and
are extinguished; as happened with the stony sfar which
fell near Agos Potamos.” (Swob. Eelog. p. 508.)"

3 See the opinions of the Grecks as to the falls of me-
teoric stones, in Cosmos, vol. i. p. 122; vol. ii. p. 690, note.

¢ Brandis, Gesch. der Griechisch-Riom. Philosophie, tom. i.
pp- 272277, against Schleiermacher, in the Abkand! der Berl.
oAkad. from the year 1804-1811 (Berl. 1815), pp. 7y-124.

$ When Stobeus in the same passage (Eclog. Phys. p. 508)
uscribes to the Apellonian that he had called the stars pumice-
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The “opinion of some physicists” as to fiery meteors
(falling stars and aérolites), which Plutarch develops in dgtail
in the life of Lysander (cap. xii.), is precisely that of the
Cretan Diogenes. * Falling stars,” it is said there, * are not
ejections and waste of the ethereal fire which, when they enter
our atmosphere, are extinguished after their ignition; they
are much rather the gff-shoots of celestial “bodies, of such a
nature that by a slackening of the revolution? they are shot
down.”® We find nothing of this view of the structure of the
universe, this assumption of dark cosmical bodies which fall

stone-like bodies (therefore porous stones), the occasion for
this term might have been the idea so generally diffused in
antiquity, that all cclestial bodies were nourished by moist
exhalations. The Sun gives back again what is absorbed.
(Aristot. Meteorol. ed. Idcler, tom. i. p. 509; Scncca, Nat.
Quest. lib. iv. 2.) The pumice-stone-like cosmicul bodies
have their peculiar exhalations. ‘‘These, which cannot be
scen 80 long as they wander round in the celestial space,
are sfones; they ignite and are extinguished again when they
fall to the carth.” (Plut. de Plac. Philos. 1i. 13.) Pliny
considers the fall of meteoric stones as frequent (Plinius,
ii. 59): “ Decidere tamen crebro, non erit dubium.” He also
knew that the fall in clear air produced a loud noise (ii. 43). "
The apparently analogous passage in Sencca, in which he
mentions Anaximencs (Naf. Quest. lib. ii. 17), refers pro-
bably to the thunder in a storm-cloud. .

% This remarkable passage (Plut. Zys. cap. xii.) literally
translated, runs thus: “But there is another and more probable
opinion which holds that falling stars are not emanations or
detached parts of the clementary fire, that go out the moment
they are kindled, nor yet a quantity of air bursting out from
some compression, and taking fire in the upper regions; but
that they are really heavenly bodies which, from some relaxa-
tion of the rapidity of their motion, or by some irregular con-
cussion, are looscned and fall, not so much upon the habitable,
part of the globe as into the ocean, which is the reason that
their substance is seldom seen.” .
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upon our earth, in the doctrines of the old Ionie schools, from
, Thalgs and Hippocrates to Empedocles.” The impression
made by the occurrence of nature in the 78th Olympiad,
appears to have powerfully called forth the idea of the fall of
dark masses. In the more recent Pseudo-Plutarch, (Plae. ii.
18,) we read merely that the Milesian Thales considered “all
stars to be earthy 8nd fiery bodies (yewdy xai {pmvpa).” The
endeavours of the earlier Tonic physiology were directed to
the discovery of the primitive cause of all things, formation
by mixture, gradational change and transition of one kind of
matter into another: to the processes of genetic development
by solidification or dilution. The revolution of the sphere of
the heavens * which holds the Earth firmly in the centre,” was
already conceived by Empedocles as an actively moving cos-
mical force. Since, in these first attempts at physical theories,
the ether, the fire-air (and indeed fire itself), represents the
expansive force of heat, so the idea of the propelling revolu-
tion rending fragments from the Earth, becamc connected
with the lofty region of the ether. Therefore Aristotle calls
{ Meteorol. i. 339, Bekker) the ether “the cternally moving
body,”® as it were the immecdiate substratum of motion; and
seeks for etymological reasons for this assertion. On this ac-
count we find in the biography of Lysander, ¢that the rclaxa.
tion of the centrifugal force causcs the fall of celestial bodies;”
as also in another place, where Plutarch, evidently alluding
again to opinions of Anaxagoras, or Diogenes of Apollenia (De
Jacie in orbe Lune, pp. 9-23), puts forwurd the assertion * that

7 With regard to absolutely dark cosmical bodies, or such
in which the Zight-process ceases (periodically?); as to the
opinions of moderns (Laplace and Bessel); and Bessel’- obser-
vgtion, confirmed by Peters in Konigsberg, of a variability of
the proper motion of Procyon : see Cosmos, vol. iii. pp. 222, 225.

* Gompare Cosme®, vol. iii. pp. 35-39.
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the Moon would fall to the Earth like a stone in a sling, if its
centrifugal force ceased.”® Thus we see in this simile, afteg the
assumption of a cenérifugal revolution which Empedocles per-
ceived in the apparent rotation of the celestial sphere, a centri-
petal force gradually arisc as an ideal antithesis. This force
was specially and most distinetly described by the acute inter-
preter of Aristotle, Simplicius (p. 491, Bekfer). e explains
the monzfalling of the cclestial bodies thus: « fhat the centri-
fugal force predominates over the proper fall-force, the draw-
ing downwards.” These are the first conjectures respecting
active central forces; and the Alexandrian, Johannes Philo-
ponus, a disciple of Ammonius Hermea, probably of the sixth
century, as it were, recognizing also the snerfia of mattet,
first ascribes  the motion of the revolutionary planets to a
primitive smpulse,” which he ingeniously (De creatione Munds,
Iib. i. cap. xii.), unites with the idea of the «f{all, a tendency,
of all heavy and light bodics towards the Earth.” We have
thus endeavoured to show how a great phenomenon of nature
and the earliest purely cosmical ezplanation of a fall of agrolites
essentially contributed in Greeiun antiquity, step by step, but’
certainly not by mathematical reasoning, to develop the germ
which, fostered by the intcllectual labours of the following
centuries, led to Huygens’ discovery of the laws of circular
» motion. '
+ Commencing from the geometrical relations of the periodic
(mot sporadic) falling stars, we dircet our attention especially
to what recent observations as to the divergence or point of
departure, of the meteors, and their entirely planetary velocity,

. ? The remarkable passage alluded to in the text in Plutarch,
De facie in orbe Lune, p. 923, is literolly translated,
“ However, the motion of the Moon and the violence of the

- revolution itself prevents it from falling, just as things placed
i'ilrcale sling are prevented from falling by.t.heir motion in 8
circle.” :
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have made known. Both these circumstances, divergence and
» veloeity, characterize them with a high degree of probability
as luminous bodies which present themselves independently
of the Earth’s rotation, and penetrate into our atmosphere
from without, from space. The North American observations
of the November period on the occasion of the falls of stars in
1833, 1834, and 1837, indicated as the point of departure the
star « Leonis; the observations of the August phenomenon,
in the year 1839, Algol in Perseus, or a point between Perseus
and Taurus. These centres of divergence were about the con-
stellations towards which the Earth moved at the same epoch.
Saigey, who has submitted the Amecrican observations of 1833
to a very accurate investigation, remarks that the fixed radia-
tion from the constcllation Lco, is only observed properly
after midnight, in the last 3 or 4 hours before daybreak; thav
of eightecn observers betwden the town of Mexico and Lake
Tiuron, only ten perecived the same general point of depar-
ture of the mcteors,® which Denison Olmsted, Professor of
Mathematics in Newhaven (Massachusetts,) indicated.
" The excellent work of Edward Heis of Aix-la-Chapelle,
which presents in a condensed form the very accurate obser-
vations of falling stars made by himself during ten years, con-
tains results as to the phenomena of divergence, which are so
much the more important as the observer has discussed them
with mathematical strictness. According to him,™ “ the falling
stars of the November period present the peculiarity that their
paths are more dispersed than those of the August period.

10 Obsmos, vol. i. p. 105-106.

¥ Coulvier-Gravicr and Saigey, Recherches sur les Etoiles
filantes, 1847, pp. 69-86.

1 « The periodical falling stars and the results of the pheno-
mena deduced from the observations carried on during the
last ten years at Aix-la-Chapelle by Edward Heis,” 1849,
pp. 7 and 26-30, *
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In each of the two periods there were simultaneously several
points of departure by no means always procceding frrom-the
same constellation, as there was too great a tendency to assume
since the ycar 1833.” Besides the principal point of de-
porture of Algol in Perseus. Ycis finds in the August periods
of the years 1839, 1841, 1842, 1843, 1844, 1847, and 1848,
two others in Draco and the North' Pole® “In order to
deduge accurate results as to the points of departure of the
paths of the falling stars in the November periods for the years
1839, 1841, 1846, and 1847, for the four points (Perseus,
Leo, Cassiopeia, and the Dragon's Hcad), the mean path
belonging to each was drawn upon a thirty-inch celestial
globe, and in every case the position of the point ascertained
from which the greatest number of paths proceeded. The
investigation showed that of 407 of the falling stars indicated
according to their paths, 171 came from Perseus, near the
staf 9 in Mecdusa’s Head, 83 from Leo, 35 from Cassiopeia,
near the changeable star «, 40 from the Dragon’s Hecad, but
full 78 from undctermined points. The number of falling
stars issuing from Perscus consequently amounted to nearly -
double those from Leo.” "

3 The statement of the North Pole being a centre of radia-
tion in the August period is founded only upon the obscrvations
of the one year 1839 (10th of August). A traveller in the
Rast, Dr. Asahel Grant, reports from Mardin in Mesopotamia, -
¢ that about midnight the sky was as it were furrowed with
falling stars, all of which procceded from the rﬁgion of the.
polar stor.” (Heis, p. 28, from a lctter of Herrick's in
Quetelet's and Grant's Diary.)

¥ This preponderance of Perseus over Leo, as a point of
departure, did not by any means obtain in the observations
at Bremen on the night of the 13 November, 1838. A very
experienced observer, Roswinkel, saw, on the occasion of &
very abundant fall of shooting stars, almost all the paths
ceed from Leo and the southern part of Ursa Major; while in
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The divergence from Perseus has consequently shown itself
, 8 bpth periods as a very remarkable result. An acute ob-
server, Julius Schmidt, attached to the Obscrvatory at Bonn,
who has been occupied with meteoric phenomena for eight or
ten years, expresses himself upon this subjcet with great
decision in a letter to me (July, 1851); “If I deduct from
the abundant falf¥ of shooting stars in November, 1833, and
1834, as well ds from subsequent oncs, that kind in which the
point in Leo sent out whole swarms of meteors, I am at present
inclined to consider the Perseus point as that point of diver-
gence which presents not only in August, but throughout the
whole year, the most meteors. This point is situated, accord-
ing to the rcsult deduced from 478 observations by Heis, in
Rt. Ase. 50°3 and Decl. 51°5 (holding good for 1844~6). In
November, 1819 (from the 7th to the 14th), I saw some
hundreds fnore shooting stars than I have ever remarked.
since 1841. Of these only a few upon the whole came from
Leo; by far the greater number belonged to the constellation
of Perseus. It follows from this, as it appears to me, that the
*great November pheuomenon of 1799 and 1833 did not appear
at that time (1841). Olbers also believes that the maximum
November appearance has a period of thirty-four years
(Cosmos, vol. i. p. 115). If the directions of the meteor-paths
are considered in their full complication and periodical recur-
rence, it is found that there are certain points of divergencq

the night of the 12 of November, on the occasion of a fall but
little less abundant, only four paths proceceded from Leo.
Olbers (Schum. Astr. Nachr. no, 372) adds very significantly:
On this night paths did not appear at all parallel to each
other, and showed no relation to Leo: they appear, on account
of the want of parallelism, to belong to the sporadic and the
" periodic class of falling stars. The proper November period
was, however, certainly not to be compared in brilliancy with
" those of the yeurs479Y, 1832, and 1833.”
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which are always represented, others which appear only
sporadically and changeably.” .

Whether, moreover, the different points of divergence alter
with the years—which, if closed rings are assumed, would indi-
cate an altcration in the situation of the ring in which the
meteors move—cannot at present be determined with cer-
tainty from the observations. A beautifii serics of such
observations by Houzeau (during the ycars 1839 to 1842)
appears to offer evidence against a progressive altcration.
Edward ITeis! has very correctly remarked that in Grecian
and Roman antiquity, attention had alrcady been dirccted to
a certain temporary uniformity in the direction of shooting
stars darting across the sky. That direction was then con-
sidered as the result of a wind alrcady blowing in the higher
regions of the atmosphere, and predicted to the sailors ‘an
approaching current of air descending thence intd the lower
regions, '

If the periodie streams of shooting stars are distinguished
from the sporadic by the frequent parallclism of their paths,
proceeding from one or more points of divergence, a second
criterion of them is the numerical—the number of individual
meteors referred to a definite measure of time. We come
bere to the much-disputed question of the distinction of an
extraordinary from an ordinary fall of shooting stars. Two

e

% Spigey, p. 151; and upon Erman’s detcrmination of the
points of convergence diamctrically opposed to the points of
divergence, pp. 125-129.

W Heis, Period. Sternsehn. p. 6. (Compare also Aristot.
Problem. xxvi. 23 ; Seneca, Nat. Quest. lib. i. 14: * Ventum
significat stellarum discurrentium lapsus, et quidem ab ea
parte qua erumpit.”) I have myself lough believed in the
influence of the wind upon the direction of the shooting stars,
especially during my stay at Marseilles at the time of the
Egyptian expedition. <
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excellent observers; Olbers and Quetclot, have given as the.
, mean number of metcors which can be reckoned hourly in
the range of vision of one person upon not extraordinary days,
the former five to six, the latter cight metcors.” ¥or the
discussion of this question, which is as important as the de-
termination of the laws of motion of shooting stars, in reference
to their dircetion, a great number of obscrvations are required.
I have therefore referred with confidence to the already-
mentioned observer, Ilerrn Julius Schmidt at Bonn, who, long
accustomed to astronomical’ accuracy, takes up with. his
peculiar energy the whole phenomena of meteors—of which the
formation of agrolites and their fall to the Earth appear to him
merely a special phase, the rarest, and therefore not the most
important. The following are the principal results of the
communications which I requested from him.*®

“The mecan number of sporadic shooting stars:appearing
there has been found from many years of obscrvation (between
8 and 8 years), a full of from 4 to 5 in the hour. This is the
ordinary condition when nothing periodic occurs. The mean

" numbers of sporadic metcors in the individual months, give
for the hour, January, 3-4 ; February, ; March, 4:9; April,
2-4 ;3 May, 8-9; June, 5'3; July, 45; August, 5'3 ; Scptember,
4-7; October, 4-5; November, 5:3 ; December, 4-0.

«Of the periodic meteors there may be expected, on the
average, in each hour, above 13 or 15. For a single period,
that of August, the stream of Laurentius presented the following
gradual increases from sporadic to periodic, upon an average
of from 3 to 8 years of ohscrvation.

Y Qosmos, vol. i. p. 100.

18 All that is marked in the text with inverted commas
I'am indebted for to the friendly communication of Herrn
“Julius Schmidt, attached to the obscrvatory at Bonn. -With
régard to his earligr works of 1844, sce Saigey, p. 159.
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' Number of meteors . .
Time. _ in one hour. Number of years, ,
6th of August ... 6 cees 1
7th ” 11 P 8
8th w O eees 15 coee 4
9th » 29 ceee 8
10th . e 51 Feeo 6
11th 1 5
12th . 7 cans 3

The last year gave for the hour, notwithstanding the clear
moonlight :—

On the 7th of August .. .. «s 3 Mecteors
8th » . .o .. 8 »
9th o .o .e .. 16 »

10th . .e .o .. 18 ”»
11th ” .e .o . 3 ”»
12th . . . .« 1 Metcor.

(According to Ileis, there were observed on the 10th of
August :—

1839 in onc hour 160 Meteors

1841 .. .. 43 »»

1841 .. e 60 ”»

In the August meteor-stream in 1842, there fell at the time
of the maximum, in ten minutes, 34 shooting stars). All
these numbers refer to the circle of vision of one observer.
Since the year 1838, the November falls have been less
brilliant. (On the 12th of November, 1839, Heis still counted
hourly 22 to 35 meteors; likewise on the 13th of Novem-
ber, 1846 ; upon the average 27 to 83.) So variable is the
abundance of the periodic streams in individual years; but
the number of the falling meteors always remains considerally
{.:rggtg:thn.n in ordinary nights; which sho¥ in one hour only
“ ,
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4 or & sporadic falls. The meteors appear to be the most
-,seldam in January (calculating from the. 4th), February and
March.”
¢ Although the August and November periods are justly the
most celebrated, still since the shooting stars have been
observed with greater accuracy, as to their number and
parallel directign,'yet five others have been discovered.

January : during the first days between the 1st and
3rd ; probably somewhat doubtful.

April : 18th or 20th? already conjectured by Arago.
(Great streams : 25th of April, 1095, 22nd of April 1800
20th of April, 1803 ; Cosmos, vol. i. pp. 118-114. dn-
fuaire pour 1836, p. 297.)

May : 26th?

July : 26th to the 30th; Quetclet. Maximum pro-
perly between the 27th and 29th of July. The most
ancient Chinese observations gave Kdward Biot (unfor-
tunately too soon taken away) a general maximum
between the 18th and 27th of July.

August, but before the Laurentius stream, especially
between the 2nd and 5th of the month. For the most
part no regular increase is remarked from the 20th of
July to the 10th of August.

The Laurentius stream itsclf, Musschenbrock
and Brandes (Cosmos, vgl. i. p. 112, and note). Decided
maximum on the 10th of August; observed for many
‘years. (According to an old tradition which is diffused
among the mountain-regions about Pelion in Thessaly,
on the feast of the Transfiguration, the 6th of March, the

% | have, however, mysclf observed a considcrable fall of
rhooting stars on the 16th of March, 1803, in the South S~
(Lat. 134° N.). Also 687 years before our era, two meteor-
firgams were seen ju Chiua, in the month of March (Cosmos,
tol. i. p. 116).

VOL. 1V. U
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heavens open during the night, and the lights (xavéjhea)
appear in the midst of the opening; Herrick in Silliwan’s,
Amer. Journal, vol. xxxvii. 1839, p. 837; and Quetelet
in the Nouw. Além. de U Acad. de Bruzelles, tom. xv.
»9)

Octoler : the 19th and the days alout-the 26th;
Quetelet, Boguslawski in the Arbeiten der schles.
Gesellschaft fiir vaterl. Cultur.” 1813, p. 178 and
Heis, p. 83. The latter instituted obscrvations on the
21st of Qctober, 1766, 18th October, 1838, 17th October,
1841, 24th of October, 1845, 11th—-12th October, 1847,
and 20th-26th October, 1818. (Sce remarks upon three
October phenomena, in the years 902, 1202 and 1366,
Cosmos, vol. i. p. 116, and note.) The conjecture of
Boguslawski, that the Chinese swarms of meteors, of the
18th and 27th of July, and the fall of shooting stars of
the 21st of October (0.8.) 1366, may be the now ad-
vanced, August and November periods, loses much of its

" weight after the recent experience of 1838-1848.2

® An entircly similar fall of shooting stars as that which
the younger Boguslawski found for October 21st, 1366,
(0.8.), in Bencsse de IMorovie. Chronicon Ecclesie Pragensis
(Cosmos, vol. i. p. 116), is fully described in the famous
historical work of Duartec Nuncz do Lito (Chronicas dos Reis
de Portugal reformados, pt. i. LisB. 1600, f. 187), but placed in
the right of the 22nd to 23rd of October (0.s.) Were
-there two streams seen in Bohemia, and on the Tagus, or has
one of the chroniclers erred in a day ? The following are the
words of the I’ortuguesc historian: * Vindo o anno de 1366
sendo andados xxii. dias do mes de Octubro, tres meses antes
do fallecimento del Rei D. Pedro (de Portugal), se fez no
ceo hum movimento dc estrellas, qual os homees néo virdo nem
ouvirBo. E foi que desda mea noite por diante correrio
todalas strcllas do”Levante para o Poncnte, e acabada de
serem juntas comegariio & correr humas' para huma parte e
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November : 12th~14th, very scldom the 8th or 10th,
oThe great full of meteors of 1799 in Cumana on the
11th-12th of November, which Bonpland and I have
described, so far gave occasion fo belicve in periodie
appearances upon certain days, that on the occasion of
the great fall of meteors in 1833 (November 12th-13th)
the phcnolnc.non of the year 1799 was called to mind.®

outras para ontra. E despois desceriio do cco tantes e tam
spessas, que tanto que forfio baxas no ar, pareciiio grandes
fogueiras, e que o eco ¢ o ar ardifio, ¢ que a mesma terra queria
erder. O ceo purecia partido em muitas partes. alli onde
strellas nio stavio. K isto durou per muito spago. Os que
isto vido, houverdio tam grande medo ¢ pavor, (ue stavio
como attonitos ¢ cuidavéio todos de ser mortos. e que era
vinda a fim do mundo.” “ In the year 1366. and xxii days of
the month of October being past, three months before the
death of the king, Dom Pcdro, (of Portugal). there was in
the heavens a movement of stars, such as men never before
saw or heard of. At midnight, and for some time after, all
the stars moved from the east to the west; and after being
tollected together, they began to move, some in one direction,
and others in another.  And afterwards they fell from the sky
in such- numbers, and so thickly together, that as they de-
scended low in the air, they seemed large and fiery, and the
sky and the air scemed to be in flames, and even the earth
appeared as if rcady to take fire. That portion of the sky
where there were no stars, secmed to be divided into many
parts, and this lasted for a long time. Those who saw it were
filled with such great fear and dismay, that they were
astounded, imagining they were struck dead, and that the
end of the world had come.”

# Nearer epochs of comparison might have been brought
forward, if they had been known at that time; for example,
the streams of meteors observed by Kloden, 1823, Nov.
12th-13th, in Potsdam; by Bérard, 1831, Nov. 12th~12.h,
on the Spanish coast; and by Graf Suchtelu, at Orenberg,.
1832, Nov. 12t,h-1€th (Cosmos, vol. i. p.112; and Schum.
Astr. Nachr. no. 303, p. 242). The great phenomenon of

v 2
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December : 9th-12th; but in 1798, according to
Brandes’ observation, December the 6th-7th ; Herrick,,
in Newhaven, 1838, Dce. 7th-8th; Heis, 1847, De-
cember 8th and 10th.

the 11th and 12th of November, which Boppland and I have
described (Voyage auz Régions Equinoxiales, liv. iv. chap. x,
tom., iv. p. 34, 53rd ed. 8vo.), lasted from two to four o'clock
in the morning. Upon the whole journcy which we made
through the forest region of the- Orinoco southwards, as far
as Rio Negro, we found that the enormous full of meteors
had been scen by the missionaries, and in some cases recorded
in the church-books. In Labrador and Greenland, it threw
the Esquimaux into a state of utter amazement as far as
Lichtenau and New Ilerrnhut (Lat. 64° 14). At Itterstadt,
near Weimar, the pastor Zcising saw the same phenomenon
that was at the same time visible under the equator, and near
the north polar circle in America. Since the periodicity of the
8t. Laurentius siream, August 10th, did not attract general
attention until long after the November period had, 1 have
carefully placcd together all the considerable and aceurately-
observed falls of shooting stars on the 12th—13th November.
known to me up to 1846. There arc 15: 1799, 1818, 1822,
1823 ; 1831-1839 cvery year; 1841 and 1846. I exclude
those falls of mcteors which differ by one or two days: such
as those of the 10th of November, 1787, 8th November, 1813.
Such a periodicity closcly connected with individual days is
so much the more wonderful, as bodies of such a small mass
are eusily exposed to disturbances, and the breadth of the
ring in which the metcors are supposed ta be contained may
surround the Earth for some days. The most brilliant No-
vember streams took placc in 1799, 1831, 1833, 1834. (In
my deseription of the mecteor of 1799, the largest fire-ball
has aseribed to it a diamcter of 1° and 14°, when it should
be 1 and 1} Zunar diameter.) This is also the place to
mention the fire-bull which attracted the special attention of
the' director of the observatory at Toulouse; M. Petit, and
whose revolution round the Earth he has calculated. (Compicd
Rendus, 9 Aolt, 1817; and Schuw. Asiz. Nackr. No. 701,

P 71.) ) C e
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“ Eight or nine epochs of periodic meteoric strenms, of
which the last five are most certainly determined, arc here
recommended to the industry of observers. The streams of
different ‘months are not alone different from each other;
in different years, also, the abundance and bnllmncy of the
same stream varies strikingly.

“The wpper lifhits of the keight of shooting-stars cannot .
be ascertained ¥ith accuracy, and Olbers considers all heights
above 120 miles as being less certainly determined.  The lower
boundaries which were formerly (Cosmos, vol. i. p. 107) gene-
rally estimated at 16 miles (over 97,388 feet), must be greatly
contracted. Some, according to measurement, descend very
nearly to the level of the summit of Chimborazo and Acon-
cagua, to the distance of 4 geographical miles above the level
of the sea. Heis remarked, on the contrary, a falling star
seen simultancously at Berlin and Breslau on the 10th of
July, 1837, had, according to accurate calculation, a height of
248 miles when its light first became visible, and a height of
168 on its disappearance; others disappeared during the same
night at a height of 56 miles. From the older labours of
Brandes (1823), it follows that of 100 well-defined shooting-
stars seen from two points of observation, 4 had an elevation
»f only 4 to 12 miles; 15 between 12 and 24 m.; 22 from 24
to 40; 35 (nearly onc-third) from 40 to 60 m.; 13 from 40 to
80 m.; and only 11 (scarcely one-tenth) above 80 m. their
heights being between 180 and 240 miles. From 4000 obser-
vations collected during nine years, it has been inferred with
regard to®the colowr of the shooting-stars, that two-thirds
are white, one-seventh yellow, one-seventeenth yellowish red,
and only one-thirty-seventh green.”

Olbers reports, that during the fall of meteors in the might
of the 12th and 13th of November, in the year 1838, a beau-
tiful northern light was visible at Bremen, which coloured
large parts of the kywith an intense blood-red light. The
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shooting.stars darting across this region maintained their .
white colour unaltered, whence it may be inferred thw; the,
northern light was further removed from the surface of the
Earth than the shooting-stars were at that point where they
became invisible. (Schum. Astr. Nackhr. no. 872, p. 78.) The
relative velocity of shooting-stars has hitherto been cstimated *
at from 18 to 36 geographical miles a sccon'd, while the Farth
has enly a translatory velocity of 164 miles. (Cosinos, vol. i. P
107 and note).  Corresponding obscrvations of Julius Schmidt
at Bonn, and Heis at Aix-la-Chapelle (1849), gave as the
ectual minimum for a shooting-star, which stood 48 miles
vertically above St. Goar, and shot over the Lake of Laach
only 14 mjles.  According to other comparisons of the same
observer, and of Ilouzeau in Mons, the velocity of four
shooting-stars was found to be between 46 und 95 miles in
the sccond, consequently two to five times as great as the
planetary velocity of the Earth. The cosmical origin is
indeed most strongly proved by this result, together with the
constancy of the simpk or multiple points of divergence, ¢.e.
together with the circumstance, that periodie shooting-stars,
independently of the rotation of the Karth, proceed dunng
several hours from the same star, even when this star is not
that towards which the Karth is moving at the same time.
According to the existing mcasurements, fire-balls appear to
move slower than shooting-stars ; but it nevertheless remains
striking that when the former meteors fall, they sink such a
little way into the ground. The mass at Fnsisheim in Alsace
weighing 276 pounds (November 7th, 1492), penetfated only
3 feet, and the aérolite of Braunau (July 14th, 1847) to the
same depth. I know of only two metcoric stones which have
ploughed up the loose earth for 6 and 18 feet; these are
the aérolites of Castrovillari, in the Abruzzi (February 9th,

- 15683), and that of Hradschina in the Agram district (May
6th, 1751).
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- Whether anything has ever fallen from the shooting-stars
to the Earth, has been much discussed in opposite senscs.
"The straw roofs of the parish Belmont (Département de I'Ain,
Arondisscment Belley) which were set on fire by a meteor in
the night of November 13th, 1835, just at the epoch of the
known November phenomenon, reccived the fire, as it ap-
pears, net frome*a falling shooting-star, but from a bursting
tire-ball, which problematical aérolitc is said to have fallen
according to the statcments of Millet d'Aubenton. A similar
conflagration, caused by a fire-ball, occurred on the 22nd of
March, 1846, about three o’clock in the afternoon, in the
commune of St. Puul, near Bagnére de Luchon. Only the
fall of stones in Angers (on the 9th of July, 1822,) was
ascribed to a beautiful falling star scen near Doitiers. This
phenomenon, not sufficiently described, deserves great atten-
tion. The falling stars rescmbled cntirely the so-called
Roman candles used in fireworks. It left behind it a straight
s'treak. very narrow above, and very broad below, which lasted
for ten or twelve minuies with great brilliancy.  Seventeen
miles northwards of Poiticrs an aérolite fell with a great
detonation.

Does all that the shooting-stars contain, burn in the outer-
most strata of the atmosphere whose refracting power causcs
the phenomenon of twilight? The above-mentioned various
colours, during the process of combustion, admit of the in-
ferenee of a chemical difference in the substances. In addi-
tion to this, the forms of these fiery meteors are exeeedingly
variable; some form merely plosphorescent lines of such fine-
ness and number, that Forster, in the winter of 1832, saw
the sky. illuminated by them with a fecble glow.® Many
shooting-stars move mercly as luminous points, aud leave no
tail behind them. The combustion, attended with rapid or

m :
® Forster’s Mémoire sur les Etoiles filentes, p. 31.
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slow disappearance of the tails, which are generally many miles
in length, is so much the more remarkable, as the burning ;;aus
somctimes bend and sometimes move onwards. The shining
for some hours of the tail of a fire-ball which had long disap-
peared, observed by Admiral Krusenstern and his companions
during their voyage round the world, vividly calls to mind
the long shining of the cloud from which the great aérolite of
ZEgos Potamos is said to have fallen, according tv the certainly.
not quite trustworthy relation of Damachos. (Cosmos, vol. i.
P- 122 and note.) )

There are shooting-stars of very different magnitude in-
crcasing to the apparent diameter of Jupiter or Venus;
on the occasion also of the fall of shooting-stars seen at
Toulousc (April 10th, 1812), and the observation of a fire-
ball at Utrecht, on the 23rd of August of the same year, they
were seen to form, as it were. from a luminous point, to shoot
out in a starlike manner, and then to expand to a sphere of
the size of the Moon. In very abundant falls of meteors,
such as those of 1799 and 1833, there have been undoubtedly
many fire-balls, mixed with thousands of shooting-stars ;' but
the identity of both kinds of fiery metcors has not been by
any means proved hitherto. Relation is not identity. There
still remains much to be investigated as to the physieal rela-
tions of both; as to the influence pointed out by Admiral
‘Wrangel,® of the shooting-sturs upon the development of the
polar light on the shores of the Frozen Sca; and as to the
number of luminous processes indistinetly deseribed, but not
on that account to be hastily denied, which have preceded
the formation of fire-bulls. .The greater number of fire-
balls appear wnaccompanied by shooting-stars, and show no
periodieity in their appearance. 'What we know of shooting-
stars, with regard to their divergence from definite points, is
at present only to be applied to fire-balls w1th caution. '

B Cosmos, vol. i. p. 114 and note.



AEROLITES. . 587

Meteoric stones fall the most rarely in a quite clear sky,
without the previous formation of a black metcor-cloud, with-
out any visible phenomenon of light, but with a terrible erack-
ling, as upon the 6th of September, 1843, near Klein-
Wenden, not far from Miihlhausen; or they fall, and this
more frequently, shot out of a suddenly formed dark cloud,
aecompanicd by Phenomena of sound, though without light;
finally, and iftlecd the most frequently, the falls of meteoric
stones prescnt themselves in close conneetion with brilliant
fire-balls. Of this connection the falls of stones at Barbotan
(Dép. des Lundes) on the 24th of July, 1790, with a simul-
taneous appcarance of a red fire-ball and a white metcoric
cloud,* from which the aérolites fell; the fall of stoncs at
Benares, in llindostan, 13th Dceember, 1798, and that of
Aigle (Dép. de 1.'Orne), on the 26th of April, 1803, afford
well-described and indubitable examples. The last of the
phenomena here mentioned—that which among all has been
investigated and deseribed with the greatest care by Biot—
has finally, 23 centuries after the great Thracian fall of stones,
‘and 300 years since a Fratc was killed by an aérolite at Crema,®

% Kinitz, Lehrbuch der Meteoroloyie, vol. iii. p.277.

# The great full of atrolites at Crema, and on the shores of
Adda, is described with especjal vivacity, but unfortunately
in a rhetorical and vague manncr, by the cclebrated Petrus
Martyr, of Anghiera (Opus Epistolarum, Amst. 1670,
no. cccelxv. pp. 245-246). What preceded the fall itself was
an almost total darkening on the 4th of September, 1511, at
the noon hour. * Fama est, pavonem immensum in aérea
Cremcnsi plaga fuisse visum. Pavo visus in pyramidem con-

. verti,- adeoque ccleri ab occidente in orientem raptari cursu,
ut in horee momento magnam hemisphierii partem, doctorum
inspectantium sententia, pervolasse credatur. Ex nubium
illico densitate tencbras ferunt surrexissc, quales viventinm

ullus unquam se cognovisse fatcatur. Per cam noctis faciem,
cum formidolosis  fulguribus, inaundita tonitrua regiomem
circumsepserunt.” ¢ The report is, thut an enormous peacock
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put an end to the scepticism of the academists. A large fire-
ball, which moved from S.E.to N.W., was seen af, one
o’clock in the afternoon at Alengon, Faluise, and Caen, while
the sky was quite clear. Some moments afterwards there was
heard near Aigle (Dép. de L'Orne), an explosion in a small,
dark, almost motionless cloud, lasting for five or six minutes,

)

was secn flying in the sky above the town of Crema. The
peacock appeared to change into a pyramid, and was carried
from west to cast with such rapidity, that in a moment it
secmed to traverse the whole hemisphere, as some learned
men imagined who saw it. Immediately afterwards such
darkness arose from the denseness of the clouds as was never
known by mortal before. During this midnight gloom, un-
heard-of thunders, mingled with awful lightnings, resounded
through that quarter of the heavens.” The illuminations were
80 intense, that the inhabitants round Bergamo, could sce the
whole plain of Crema during the darkness. * Ex horrendo
illo fragore guid irata natura in eam regionem pepererit, per-
cunctaberis. Saxa demisit i Cremensi planitic (ubi nullus
unguam squans ovum lapis visus fuit) immense magnitu-
dini, ponderis egregii. Decem fuisse reperta centilibralia
saxa ferant.” ¢ You will perhaps inquire what accompanied
that terrific commotion of nature. On the plain of Crema,
where never before was seen a stone the size of an egg, there
fell pieces of rock of enarmous dimensions and of immense
weight. Tt is said that ten of these were found weighing a
a hundred pounds cach. Birds, sheep, and even fish were
killed,” TUnder all these exaggerations it may still be seen,
that the meteoric cloud out of which the stones fell, must have
been of uncommon blackness and thickness. The *“pavo” was
undoubtedly a long and broad-tailed fire-ball. The terrible
noise in the meteorie cloud is here represented as the thunder
accompanying the lightning (7). Anghicra himself received
in Spain a fragment, the sizc of a fist (ex frustris disruptorum
sazorum), and showed it to King Ferdinand the Catholic, in the
resence of the famous warrior Gonzalo de Cordova. His
tter ends with the words: ¢ Mira super hisce prodigiis con-
scripta fanatice, physice, thcologice ad Jwos missa sunt ex
Iwulia. Quid portendant, quomodoque gignantur, tibi utraque
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which was followed three or four times by a noise like a
cagpon and a rattle of muskets, mixed with a number of
drums. At each explosion parts of the vapour, of which the -
cloud consisted, were removed.  No appearance of light was
visible in this instance. There fell at the same time upon an
elliptical surface, whose major axis, from 8.1é. to N.-W., had
-a length of 6 wliles, a great number of melcoric stoncs, the
largest of wliich weighed only 17} pounds. They were hot
but not red,® smoked visibly, and, what is very striking,

servo, si aliquando ad nos veneris.”  *I'rom these prodigies
Italy has furnished us with many a marvel of superstition,
physic, and theology; what they portend, and how they are
to come to pass, you will learn whenever you come to us.”
Written from Burgos to Fagiardus.) Cardanus (Opera, ed.

udg. 1663, tom. in. lib. xv. cap. lxxii. p. 279,) affirms still
more accurately, that 1200 airolites fell among them, ane of
120 pounds weight. iron grey, of great density.  The noise is
eaid to have lasted two hours: ** ut mirum sit, tamtam molem
in aére sustineri potuisse; * ** it is marvellous that such a mass
could be supported’in the air.”” He considered the tailed fire-
ball to be a comet, and errs in the date of the phenomenon
by & year: * Vidimus anno 1510.” Curdunus was at that
time nine or ten yeurs old.

® Recently, on the occasion of the fall of aérolites at
Braunau (July 14th, 1847), the fallen masses of stone were
80 hot, that after six hours they could not be touched with-
out causing a burn. 1 have already treated (Asie Cen-
trale, tom. i. p. 408) of the analogy which the Scythian

- myth of sacred gold preseuts with a full of meteors. 5. As

the Scythians say, theirs is the most recent of all ma.
tions; and it arose in the following manner. The. first
man that appeared in this country, which was a wilderness,
was named Targitaus : ‘they say that the parents of this Tar-
gitaus, in my opinion relating what is incredible,= they
say, however, thut they were Jupiter and a daughter of the

griver Borysthencs; that such was the origin of Targitaus:

and that he had tijree sons, who went by the names of Lipox-
uis, Apoxais, and the youngest, Colaxais; that during their
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they were more easily broken during the first day after the
fall than subsequently. I have intentionally given more tige ,
to this phenomenon, in order to be able to compare it with
another of the 13th of September, 1768. About half-past
four o’clock in the afternoon of the above-mentioned day, a
dark cloud was seen near the village of Luce (Dép. d’Eure et
Loire) 4 miles westward of Chartres, in whiqh a noise was
heard like a cannon shot, and at the same timé a hissing was
perceived in the air caused by the fall of a black stone mov-
ing in a curve. The stone, which had penetrated into the
Farth, weighed 741bs., and was so hot that it could not be
touched. It was very imperfectly analyzed by Lavoisier,
Fougeroux, and Cadet. No phenomcna of light were per-
ceived throughout the whole occurrence.

As soon as the observation of periodic falls of shooting
stars ‘was commenced, and their appearance on certain nights
expected, it was remarked that the frequency of the mectcors

reign a plough, a yoke, an axe, and a bowl of golden work-
manship dropping down from heaven, fell on the Scythian
territory ; that the eldest, seeing them first, approacheds in-
tending to take them up, but as he came near, the gold be,

to burn; when he had retired the sccond went up, and it did
the same again ; accordingly the burning gold repulsed these;
but when the youngest went up the third, it became extin-
gnished, and he carricd the things home with him; and that
the elder brothers in consequence of this giving way, surren-
dered the whole authority to the youngest. 6. From Lipox-
ais, they say, are descended those Scythians who are called
Auchats; from the second, Apoxais, those who are called
Catiari and Traspics; and from the youngest of them, the
royal race, who are called Paralatw. But all have the name
of Scoloti, from the surname of their king; but the Grecians
call them Scythiuns. 7. The Scythians say that such was
their origin; and they reckon the whole number of yearsy,
from their first beginning, from king Targitaus to the-time
that Darius crossed over against them, to be not more than a
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inereased with the length of time from midnight, and that the
Jgreatest number fell between two and five in the morning. Al-
ready, on the occasion of the great fall of metcors at Cumana
in the night of the 11th and 12th of November, 1799, my
fellow-travellers saw the grcatest swarm of shooting stars
between half-past two and four o'clock. A very meritorious
observer of the phenomena of meteors, Coulvier-Gravier, con-
tributed an important essay to the Institute at Paris, upon
la variation horaire des étoiles filantes. 1t is difficult to con-
jecture the cause of such an hourly variation. an influence
of the distance from the hour of midnight. If under different
meridians the shooting stars do not become especially visible
until a certain carly hour, then, in the case of their cosmieal
origin, we must assume what is still but little probable; viz.
that these night, or rather early morning hours, are especially
adapted to the ignition of the shooting stars, while in other

-

thousnnd years, but just that number. This sacred gold the
kings watch with the greatest care, and annually approach it
with magnificent sacritices to render it propitious. If he who
has the sacred gold happens to fall asleep 1 the open air on
the festival, the Scythians say he cannot survive the year, and
on this account they give him as much land as he can ride
round on horseback in one day. The country being very
extensive, Colaxais established three of the kingdoms for his
sons, and made that onc the largest in which the gold is
kept. The parts beyond the north of the inhabited districts
the Scythians say can ncither be scen nor passed through, by
reason of the feathers shed there; for that the earth and air -
are full of feathers, and that it is these which intercept the
view.” Ilerodotus,iv. 5 and 7; (Translation. Bohn's Classical
Library, p. 238.) But is tho mytk of sacred gold, merely an
ethnographical myth; an allusion to three king's sons, the
founders of three races of Scythians? an allusion to the pro-
Aninent position which the race of the youngest son, the
Paralate, attained & (Brandstiitter, Scythica, de aurca caterca,
1837, pp. 69 aud 81.)
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hours of the night more shooting stars pass by before midnight
invisible. We must still long and patiently collect obscgva-
tions,
The prineipal characters of the solid masses which fall
from the air, 1 belicve 1 have trcated of with tolerable
completeness (Cosmos, vol. 1. p. 117.) in rcfcronce to their
chemienl relations and the granular st,ructurc, especially
investigated by Gustav Rose in accordance with the state
of our knowledge in the year 1845. The suceessive labours
of Howard, Klaproth, Thénard, Vauquelin, Proust, Ber-
zelius, Stromeyer, Laugicr, Dufresnoy, Gustav and Ilcin-
rich Rose, Boussingault, Rammelsberg, and Shepard, have
afforded a rich material,¥ and yet two-thirds of the fallen
meteoric stones, which lic at the bottom of the sea, escape
our observation. Although it is striking that under all
'zoncs, at points most distant from cach other, the aérolites
have a certain physiognomic resemblance—in Greenland,
Mexico and South America, in Europe, Siberia and’ Hindo-
stan—still upon a closer inve sti«ati(m they present very great
differences. Many contain %% of iron, others (Sicna) scarcely
a5 nearly ail have a thm black brilliant and at the same
time veined coating: in onc (Chantonmay) this crust was
entirely wanting. The specific gravity of some meteorie
stones amounts to as much as 428, while the carbonaccous
stone of Alais, consisting of crumbling lamelewe, showed a spe-
cific gravity of only 1-94. Some (Juvenas) have a doleritic
structure, in which ecrystallized olivin, augite and anorthite
are to be recognized separately ; others (the masses of Pallas)
afford mercly iron, containing nickel and olivin; and’ others
again (to judge from the proportions of the ingredients) are

.- % The metals discovered in metcoric stones are, mchl
hy Howard, cobalt by Stromeyer, eopper, and chrommm by®
Laugier, tin by Berzelius,
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aggregates of hornblende and albite (Chateau-Renard), or of
horpblende and labrador (Blansko and Chantonnay).

* According to the general summary of results given by a
sagacious chemist, Professor Rammelsberg, who has’ recently
occupicd himsclf uninterruptedly, and as actively as success-
fully, with the analysis of aérolites and their composition
from simple mificrals, “the separation of the masses fallen
from the air Into meteoric iron and meteoric slones is not o
be admitted in its strictest sense. Metcoric iron is some-
times found, though seldom, with silicales intermixed (the
Siberian mass weighed again by 1leis of 1270 Russian pounds,
with graius of olivin), and on the other hand many meteoric
stones contain metallic iron.

« A. The meteoric iron, whose fall it has been possible to
observe only a few times (LIradschrina, near Agram, on the
26th of May, 1751, Braunau, 14th of July, 1847), while most
analogous musses have alrcady laid long upon the surface of
the earth, possesses in general very similar physical and che-
micai propertics. It almost always contains sulphuret of

*iron mixed with it in fizer or coarser particles, which, how-
ever, do not appear-to be cither iron pyrites or magnetic
pyrites, but a sulphuret of iron.® The principal mass of such

* a metcoric iron is also not pure metal, but consists of an alloy of
iron and nickel, so that this constant presence of nickel (on the
average 10 per cent. sometimes rather more, sometimes rather
less) serves justly as an cspecial criterion for the meteoric
nature of the whole mass. It is only an alloy of two isomor-
phous metals, not a combination in definite proportions. There
are also present in minute quantity: cobult, manganese, magne-
sium, copper, and carbon. The last-mentioned substance is
partly mixcd mechanically, as difficultly combustible grapl-te;

» Ramelsberg., in Poggendorfl, dnnalen, vol, Ixxiv. 1849,
P 442, ' ’
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"partly in chemical combination with iron, and therefore ana-
logous to many kinds of bar-iron. The principal mass of,the
meteoric iron contains also always a peculiar combination of”
phosphorus with iron and nickel, which on the solution of the
iron in hydrochlorie acid, remains in the form of silver-white,
wmicroseopic, crystalline needles and laminee.

“B. The meteoric xtones, properly so called, it is customary
to divide into ¢wo clusses, according to their external appear-
ance. The stones of one class present, in an apparently
homogeneous mass, grains and splinters of meteoric tron, which
arc attracted by the magnet, and possess entircly the nature of
that found in larger masses.  To this class belong, for example,
the stones of Blansko, Lissa, Aigle, Ensishcim, Chantonnay,
Klein-Wenden near Nordhausen, Erxleben. Chiteau-Renard,
and Utrceht. The stones of the other class are free from
metallic admiz(ures, and present rather a erystalline mixture
of different mineral substanees; as, for example, the stones of
Juvenas, Lontalax, and Stanncrn.

«8inee the time that lloward, Xlaproth, and Vauquelin
first instituted the chemical investigation of meteorie stones,
for a long time no regurd was paid to the fact that they might
be mixtures of separate combinations; but they were examined
only for their total constituents. and it was considered suffi- *
cient to draw out the iron by the magnet. After Mohs had
dirccted attention to the analogy between some aérolites and
certain telluric rocks, Nordenskjild endeavoured to prove that
the aérolite of Lontalax in Finland consisted of olivin, leucite,
and magnetic iron ore; hut the beautiful observations of
Gustav Rose first placed it heyond doubt that the stone of Ju-
venas consists of magnetic pyrites, augite, and a feldspar, very
much resembling labrador. Guided by this, Nerzclius endea-
voured, in a more extended essay (Kongl. Vetenskaps-Acade-
miens Landlingar fiir 1834), to climinate also by chemieal*.
methods the ‘mincralogical nature of the ‘separate combina-



AEROLITES. 595

tions in the aérolitcs of Blansko, Chantonnay and Alais. The
,road happily pointed out by him beforehand has subsequently
been abundantly followed.

¢ a. The first and more numerous class of meteoric stones,
those with mectallic iron, contain this disseminaved through
them, sometimes in larger masses, which oceasionally form a
skeleton, and thus constitute the transition to those metecrie
masses of iron in which, as in the Siberian mass of Pallas, the
other materials disappear more considerably. On aceount of the
constant prexence of olivin, they are vich in maguesia.  The oli-
vin is that part of the meteorie stone which is decomposed when
itistreated with acids.  Like the tellurie. it is a silicate of mag-
nesia and protoxide of wron. It paet wineh is not attacked
by acids i~ a mixture of feldspathie and augitic matter, whose
nature 5 10ts of being determined solely by ealeulation from
its totas  actituents, as labrador, Lornbleade, augite, or
oligoclas.

« 8 The second much rarer class of meteoric stones have
been less extmned.  They contain partly magnetie iron ore,
‘olivin, ard ~ome feldspathic and eugitic matter; some of
them consist merely of the twe last mentioned simple minc-
rals, and the {eldspar tribe is then represented by anorthite.
Chrome tron ~re {oxide of chromium aud protoxide of iron) is
found in smalt quantity in ali meteoric stones; phosphoric
acid and tifanic acid, which Rammelsberg discovered in the
very remarkable stone of Juvenas, perhaps indicate apatite and
titanite.

« Of the simple substances hitherto deteeted in the meteorie
stones, there are 18:% oxygen, sulphur, phosphorus, carbon,

™ Shepard, in Silliman's American Journal of Scien.e
and Arts, scr. ii. vol. ii. 1846, p. 377; Rammelsberg, in
Toggend. Ann. Bd. Ixxiii. 1848, p. 377.

# Compare Cosimes, vol, i. p. 118.
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silicium, aluminum, magnesium, calcium, potassium, sodium,
tron, nickel, cobalt, chromium, manganeswum, copper, ~tin,
and titanium. ‘The proximate constituents are: (a). metallic :

nickel-iron, a combination of phosphorus with iron and nickel,

sulphuret of iron and magnetic pyrites; (b) oxidized : mag-

netic irod orc and chrome iron ore; (¢) silicates : olivin,

anorthite, labrador and augite.”

In order to concentrate the greatest number of important
facts scparated from hypothetic conjectures, it still remains
for me to develop the manifold analogies which some mete-
oric stones present as rocks with older, so-called trap
rocks, (dolerites, diorites, and melaphyren), with basalts and
more recent lava. These analogies are so much the more
striking, as *ihc metallic alloy of nickel and iron, which ie_
constantly contained in certain meteoric masses,” has not
hitherto been discovered in telluric minerals.  The same dis-
tinguished chemist whose fricndly communications I have
made usc of in these last pages, enters fully into this subjeet in .
a special treatise,® the results of which will be more appro-
pnately discussed in the geological part of the Cosmos.

8 Zeitschrift der dcutschen geolog. Gesellschaft, Bd. i
p- 232. All the matter in the text from p. 593 to p. 596,
which is between inverted commas, was taken from the manu-
script of Professor Ramwclsberg (May, 1851).
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CoNcLUSION.

I~ concluding the wranological part of the physical description
of the Bniverse, in taking a retrospect of what I have attempted
(I do not say accomplished), after the cxecution of so difficult
an undertaking, I think it neccssary once more to call to mind
that this exccution could have been effectea only under those
conditions which have been indicated in the Jutroduction to
the third volume of Cosmos. The attempt to carry out such
a cosmical treatment of the subject is limited to the repre-
sentation of space and its material contents, whether aggre-
gated into spheres or mnot. The character of the present
work differs therefore essentially from the more comprehensive

.and exccllent elementary works on astronomy which the various
literatures of modern times possess.  Asts Yy, as a science,
the triumph of mathematical reasoning, based upon the sure
foundation of the doctrine of gravitation and the perfection of
the higher analysis (a mental instrument of investigation),
treats of phenomena of motion measured according to space and
time ; locality (position) of the cosmical bodics in their mutual
and perpetually-varying relations to cach other; change of form,
as in the failed comets ; change of light, as the sudden appear-
ance or twtal extinction of the light of distant suns. The
quantity of matter present in the universe remains always the
same; but from what has alrcady been discovered in the
telluric sphere of physical laws of nature, we see working in
she eternal round of material phenomena an cver-unsatisficd
" change, presenting dtself in numberless and namelcss combina-
tions. Such on excrcise of force by matter is called forth by
x2
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its at least apparent keterogeneity. Exciting motion in im-
measurably minute spaces, this heterogeneity of matter ¢om-,
plicates all the problems of ferrestrial phenomena.

The astronomical problems are of a simpler nature. Hitherto
unencumbered by the above-mentioned complications, divected
to the considcration of the guantitics of popderable matter
(masses), to the oscillations producing light pnd heat—the
mechanics of the heavens has, precisely on account of this
simplicity, in which cverything is reduced to motion, rehained
in all its branches amemable to mathematical treatment.
This advantage gives to the clementary works on ¢heoretical
astronomy a great and entirely peculiar charm.  In them is
reflected what the intellectual labours of later centuries have
achicved by the analytical methods; how configuration and
orbits are determined; how in the phenomena of planetary
motion only small oscillations about a mean condition of
equilibrium can take place; how the planetary system, from
its dnternal arrangement, works its prescrvation and perma-
nence by the compensation of perturbations. .

. The examination of the means of forming-a gencral con-
ception of the universe, the explanation of the complicated
gelestial phenomena, do not belong to the plan of this work.
The physical description of the universe relates to what fills
space, and organically animates it, in both spheres of urano-
logical and telluric relations. It adheres to the consideration
of the discovered laws of nature, and treats of them as ac.
quired facts, as immediate results of empirical induetion. In
order to carry out the work of the Cosmos within the appro-
priate limits, and not with ton great extension, it must not be
attempted to establish theorctically the connection of plieno-

“mena. In this limitation of the plan laid down beforehand, I
have, in the astronomical volume of Cosmos, applied so much
the mare care to the individual facts and gheir arrangement.
From the consideration of universal space, its temperature,
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the degree of its transparency, and the resisting. medium
whih fills it, I have passed on to natural and tclescopic
vision, the limits of visibility, the velocity of light, according
. to the difference of its sources, the imperfect measurements
‘of luminous intensity, and the new optieal mecans of dis-
tinguishing diract from reflected light. Then follows the
heaven of fixad stars; the numerical statement of its self-
luminous suns so far as their position is determined; their
probable distribution$ the changeable stars which reappear at
well-defined periods ; the proper motion of the fixed stars;
the assumption of the existence of dark cosmical bodies, and
their influence upon the motion of the binary stars; the
nebulous spots, in so far as these are not remote and very
dense swarms of stars.

The transition from the sidercal part of uranology from the
heaven of the fixed stars to our solar system, is merely a tran-
sition from the universul to the particular. In the elass of
binary stars, sclf-luminous cosmical bodics move about a
common centre of gravity. In our solar system, which is
constituted of very heterogeneous clements, dark cosmical
bodies revolve round a sclf-luminous one, or much rather
again round a common ceuntre of gravity, which at different
times is situated within and without the central body. The
individual members of the solar system are of dissimilar
nature—more dissimilar than for many centurics astrono-
mers were justified in supposing. They are principal and
.secondary planets; among the principal planets a group whose
lorbits intersect each other ; an innumerable-host of comets ;
the ring of the zodiacal light; and, with much probability,
the periodic meteor-asteroids.

It still remains to state here fully, as actual relations, the
, ¥hree great laws of planetary motion, discovered by Kepler.
' < Firgt-law: cach orbit of a planctary body is an ellipge, in
one of whose foci the Sun is sxtuau.d.—Secand law: each

Pntvesmat
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planetary body describes in equil times equal sectors round -
the Sun.—Third law: the squares of the times of revoldtiomr
of two planets, are as the cubes of their mean distances.
The second law is sometimes called the first, because it was
discovered earlicr. (Kepler, Astronomia nova, sew Physica
czlestis, tradita commeniariis de motibus st:lle Martis, ¢z
observ. Tychonis DBraki elaborata, 1602 ; corparc cap. xl.
'with cap. lix.) 'The first two laws would be applicable, if
there were only a single planetary body'; the third and most
important which was discovered mineteen years afterwards,
fixes the motions of two planets to onc law. (The manu.
seript of the Zlarmonice Mundi, which appeared in 1619, was
already completed on the 27th of May, 1618.)

While the laws of planetarv motions were empirically dis-
covered at the commencement of the seventeenth century;
while Newton first discovered the force, of whosc action Kepler's
laws were to be considered as necessary conscquences ; so the
end of the eighteenth century has had the merit of demonstrat-
ing the stability of the planctary system by the new path-
which the perfected calculation of infinitesimals opened to the
investigation of astronomical truths. The principal elements
of this stability arc: the invariability of the major axes of the
planetary orbits, proved by Laplace (1773 and 1784), Lagrange,
and Poisson; the long periodic change (comprised within
narrow limits) of the eccentricity of two larger planets more
distant from the sun, Jupiter and Saturn, themseclves only
yoaw of the mass of the all-governing central body; finally,
the arrangement that, according to the eternal plan of
creation, and the nature of the formation of the planets,
they have all a translatory and rotatory motion in one direc-
tion; that this motion takes place in orbits of slight and
but little varying ellipticity, in planes of moderate differences
of inatination ; and that the periods of the p*anetary revolutions
have among each other no common measure. Such elements
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of stability, as it were the maintenance and duration of thé
‘planets’ existence, are dependent upon the condition of
mutual actidbn with a separate circle. If by the entry of a
cosmical body coming firom without, and mnot previously be-
longing to the planetary system, that condition was disturbed
(Laplace, Exzpos. du Syst. du Monde, pp. 309 and 391), then
this disturbance, as the consequence of new attractive forces, or
of a collision, might certainly become destructive to the existing
system, until finally, after long conflict, a new equilibrium
was produced. The arrival of a comet upon an hyperbolic
orbit from a great distance, even when want of mass is made
up for by immense vclocity, can excite apprchension only in
an imagination which is not susceptible of the earnest assur-
ances of the calculation of prohabilitics. The wandering clouds
of the interior comets are not more dangerous to our solar
system than the great inclination of the orbits of some of
the small planets between Mars and Jupiter. Whatever
must be characterized as mere probability, lics beyond the
domain of a physical description of the universe; science
must not wander into the cloud-land of cosmological dreams.
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ABprrAnMAN Sufi, his notice of
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Absence of solgy spots and bad
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Sir William #¥erschel on, 372.

Acosta, on the black specks of the
southern hemisphere, 346.

Adams and Leverrier, claims of, to
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mical origin, 558; fall of, 587.
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Anaxagoras of Clazomene, on me-

" teoric stones, 5H69.

Andromeda, nchula in. its disco-
very, 205; further rescarches,
297, 300; not noticed by luy-
gens, 328.

Anghiera. Sec Peter Martyr.

Annular ncbulee, rare, 319.

April, falling stars in, 579.

Apsides, line of motion of, 457.

Arabian notices of the Magellanic
Clouds, 294, 336.

Arago, on the physical constitution
of the Sun, 363.

Arago and Plateau, different views
of, on irradiation, 487.
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Asterion, spiral ncbula in, 33¢.
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577; Olbers’ conjecture as to
their origin, 509.

Astreea, discovery of, 421; ele-
ments, 508.

Atmosphere, lunar, disproved, 486.

Avugust, falling stars in, 579.
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Axial rotation of the planets, pe-

‘e riods of, 448.

_ Bessel, on the planet beyond Ura-
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Biela’s Comet, separation of, into
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misphere, 345.
Bode, on solar spots, 369; his law
of planctary distance, 441.
Bond, ncbul resolved by, 319, 329.
Brorsen’s Comet, elements, 555.

Cadamosto seeks for a south polar
star, 315,
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Asterion, one of, 334; a most
remarkable phenomenon, 334.

Canopi, three, of Vespucei, 339.
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logue) of Sir John Herschel, 310.
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called. 339.
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Classification of nebulse, 300, 318;
of plancts, 422.
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Comet of Aristotle, 541.

Comet of Colla and Bermiker, 5.)4.

Comet of 1843, 544.

Comet, llalley’s, 539, 553.

Comet, Olbers’, 553,"

Comets, orbits of, indicate the H-
mits of the solar system, 356;
called light-clouds by the Greeks,

. 533; hypothesis of their simi-
larity to asteroids, 535 ; number
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discovered annvally, 537; re-
appearance of Halley’s Comet,
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Comet of Aristotle, 541 ; tails of
cometn, 544, 548 ; radmnt heat,
546 ; Lexell’s Comet, 547 ; Biela’s
Comet, 550; numerical data,
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of the Sun, 364; on the motion
of the Earth, 366.
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D’Arrest’s Comet, elements, 555.
Days and hours, planetary, 411.
December, falling stars in, 582.
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tremity of the new continent,
339.

Densities of the planets, 446.

De Vico’s Comet, elements, 555.

Dioge, a satellite of Saturn, 523.

Distances of the planets from the
Sun, 429.

Double nebule, 320.

Double stars differ in their natural
character from our solar system,
351.

Dunlop, his observations of nebule
at Paramatta, 304, 311.

Earth, the, distance, and other nu-
merical data, 476 ; nutation, 427,
454.

Earth.light, what, 480; known to
Leonardo da Vinci, 483.

Egeria, discovery of, 421 ; elements,
508.

Elliptical nebule, named the normal
type, 318.

Enﬁcehdu,z a satellite of Saturn,

3.
Encke’s Comet, elements, 555 ; its

. re-appearance, 556.
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Epochs, main, of planetary dis.
covery, 357.

Excentricity of the
orbits, 457.

Exterior planets, 424,

planétary

Fabricius first observes the solar
npots, 367.

Facule and shallws, 299,

Fage’s Comet, elemsnts, 555.

Falling stars, 566.

Faraday on atmospheric magnetisin,
395.

Fireballs, 556. )

Flora, discovery of, 421 ; elements,
508.

Fontaney, the Jesuit, on the Magel-
lanic Clouds, 342.

Galileo, his controversy with Marius,
295; his Mundus Joviulis, 296;
use of coloured glasses neglected
by, 368.

Geminus mentions nebulous stars,
293.

Gnomons, ancient, 457.

Hallegy’s observations on nebule,

299,

Hall:y’s Comet, re-appearances of,
539.

Heat, rays of, 395.

Heat possessed by the Moon’s light,
479.

Hebe, discovery of, 421 ; elements,
508.

Heis’s observations on shooting
stars, 575.

Herschel, Sir William, his estimate
of the extent of nebulous spots,
292; his discoveries, 302; on
the nebuln of Qrion, 331 on
solar spots, 371; opposed to the
assumption of & lunar atmo-
sphere, 486.

Herschel, Sir John, on nebule and,
. stellar clusters, 312, 318; on
irreguln.r ebulous masses, 324 ;
on the nebula in Orion, 329; on
the nebula round g Argls, 332;
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on ‘the nebula in Vulpes, 333;
js description of the Magellanic
louds, 342 ; on the black specks
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hemisphere, 347 ; on the heat of |

the Moon’s surface, 461.
Herschel, Miss, discovery of a ne-
bula by, 318
IipparchgsasMtntions
stars, 293. e
Houzeau’s chservations on the zo-
* diacal light, 565. '
Humboldt, Alexander von, works of,
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Asie Centrale, 453, 589.
De Distributione Geographica
Plantarum, 451.
Examen critique de 1’Histoire
de la Géographie du Nou-
veau Continent, 294, 315,
317, 338, 490.
Kleinen Schriften, 440.
Voyage aux Régions equinox-
inles, 484, 581.
Vues des Cordilléres et Monu-
mens des peuples indigénes
de I’Amérique, 417, 540.
Recuil d’observations astrono-
miques, 484.
Huygens discovers the nebula in the
sword of Orion, 299, 327.
llygcla, dlucovery of,ul elements,
508.

nebulous

Hyperion, a satellite of Saturn, 523.

Intensity of the solar light on the
planets, 461.

Interior comets, 555.

Interior planets, 424.

Iresne. discovery of, 421 ; efements,

In;bsdueovery of, 421; eclcments,

Irregukr nebulous masses, 321;
situate near the Milky Way, 322;
extraordinary size and singular
forms, 326.

Isaac, ‘Aben Sid Huun, introduces
the latinized term nebulosm into
the Alphonsine Tables, 294.

Jacob, Captain, on the nebula
round n Argfls, 332.

Japctus, a satellite of Saturn, 523.

July, falling stars in, 579.

Juno, discovery of, 421 ; elements,
508.
Jupiter, numerical data, 51];

streaks, or girdles, 513.
'Jupiter’s satellites, numerical data,
515.

Kant’s speculations on nebule and
star-formation, 301.

Kepler on planetary distances, 433;
laws of planetary motion dis-

. covered by, 599.

Lacaille, his classification of ne-
bule, 300.

Lambert’s speculations on nebule,
301.

Lassell, discovery of a sRellite of
Saturn by, 523; of satellites of
Neptune by, 532.

Laurentius stream of falling stars,
579.

Le Gentil's study of nebule,
301.

Leonardo da  Vinci, Earth.light
known to, 483.

Leverrier and Adams, claims to
the discovery of Neptune, 529.

Lexell’s Comet, 547.

Light, time required to traverse the
radius of the Earth’s orbit, 361 ;
solar and artificial, 393 ; differ-
ence of intensity in the different
planets, 461.

Light, zodiacal. See Zodiacal light.

Light-clouds, comets so styled by
the Greeks, 533.

Lucerna Mundi, the Sun, 359.

Lunar atmosphere disproved, 486,

Lunar spots, 488.

Magellanic Clouds, early notices of,
294; termed ‘Cape-clouds by the
Portuguese, 335 ;; general adop-
tion of the name, 339 ;-described
by Sir John Herschel, 342; not
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Mundus Jovialis, a work by Galileo,

connected with one another, 343 ;
nor with the Milky Way, 343.

Magnitude, absolute and apparent,
of planets, 426.

Map of the Moon, 490.

Mars, numerical data, 502; meteo-
rological analogies with the
Earth, 503.

Masses of the planets, 445.

May, falling stars in, 579.

Maver, of Gunzenhausen (Simon
Marius), first describes a ncbula,
295. i

Mercury, distance, diameter, mass,
density of, 470.

Messier, his discoveries regarding
nebulee, 302.

Meteor asteroids, 357.

Meteoric stones, 55%5; scldom fall
from a clear. sky, 587 ; remark-
able falls of, 5%7; analysis,
592, ®

Metis, discovery of, 421 ; elements,
508.

Michell conceives all necbule to be
stellar clusters, 302,

Milky Way, Iluygens on the, 328.

Mimas, a satellite of Saturn, 523.

Moon, myths respecting the, 438,
440; estimate of the heat of its
surface, 461; numerical data,
477; moonlight, 477 ; capable of
producing heat, 479; styled by
the Indians, King of the stars of
cold, 479; eclipses, 483; predic-
tions from the colour of the
eclipsed body, 485; lunar twi-
light disproved, 486; probably a
voiceless wilderness, 487 ; irradia-
tion, 487; spots, 488; supposed
to reflect the surface of our
planet, 489; topographical chart,
490; so-called seas, 491; moun-
tains, 493; comparison of height
with the mountains of the Earth,
494; ray-systems, 495; annular
plains, 495; craters of elevation,
497; rills, 499; influence on the
Earth, 500.

L%ountains of the Moon, 493.

296.

Nebula, the first isolated, dis-
covered, 295.

Nebule, Lacaille’s classification of,
300; discoveries of the Herschels,
302; of the Earl of Rosse and
others, 304; proi ' no essen-
tial physical distirsstion between,
and clusters of stars, 305; gues-
tion of the existence or non-
existence of a self-luminous,
vaporous matter, 307; elliptical,
318; annular, 319; planetary,
320; nebulous stars, 322; galaxy
of, not confirmed by recent ob-
servation, 325.

Nebular theory, the, 301; inde-
pendent of the theory of sidereal
aggregation, 303.

Nebulous masses, regular, 315; ir-
regular, 321; these latter mostly

° situate near the Milky Way,
322; extraordinary size of some,
and singular forms of others,
326.

Nchulous spots, 291; number whose
positions have been determined,
292; carly notices of, 293; Ga-
lileo’s discoveries, 297 ; Huygens,
299; Lucaille, 300; other inves-
tigators, 301; the discoveries of
the Herschels, 302; the Earl of
Rosse, 304 ; Sir John Herschel’s
distribution of, 312.

Nebuloas stars, mentioned by Hip-
parchus, Geminus, and Ptolemy,
293; a modern division of regu-
lar nebulee, 322.

Neptune, considerations on the dis-
tance of, 528; numerical data,
528; claims to the discovery of,
529.

Neptune, satellites of, 531.

Northern Catalogue of the Her-
schels, 309. .

Northern hemisphere possesses
many nebule, and but few cluse
ters of stars, 311.
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November period, meteors of the,
73, 581.
ula Major and Minor, 301,
340.
Number and epoch of discovery of
the principal planets, 403.
Nutation of the Earth’s axis, 427,
454.

R
October, fallim; stars in, 580.
Olbers’ conjecture as to the aste-
* roids being fragments of a single
destroyed planet, 509; on shoot-
ing stars, 583.

QOrbits, inclination of, planetary,
449; cometary, 557.

Orion, nebula in the sword of, 298,
3263 in the head of, 326; trape-
zium not surrounded by a nebula,
330; new stars discovered in the
trapezium, 330.

Pallas, discovery of, 421; elements,
506.

Parthenope, discovery of, 421; ele-
ments, 508.

Penumbree of the solar body,317.

Periodic meteors, number of, ob-
served at different hours, and in
different months, 577.

Perpetual spring, its undesirable
nature, 451.

Perseus, falling stars issning from,
574.

Peruvian seven-day week, an error,
418.

Peter Martyr, his description of
the Magellanic Clouds, 340; on
a fall of aérolites, 587.

Photosphere of the nebulous stars,
322; of the Sun, 363.

Picard investigates the nebula in
Orion, 299.

Pisces, nebulous region of, 313.

Planetary discovery, epochs of,

s 357.

Planetary motion, thyee great laws
of, 599.

Planetarynebulee, 320; mainly fourd
in the southern hemisphere. 320,

Planetary system, ltabxhty of, how
demonstrated, 600.

Planets and their satellites, general
considerations, 402; principal
planets, 403; discovery, 403 ;
names, 407 ; planetary signs, not
of ancient date, 411; days and
metals named from, 411; early
conjecturcs that other planets
remained to be discovered, 419 ;
pcrlods of _discovery since the
invention of the telescope, 420 ;
classification in two groups, 422 ;
exterior, generally larger than the
interior, 424; absolute and appa-
rent magnitudes, 426 ; arrange-
ment and distances, 429; as-
sumed laws, by Titius and Bode,
and Wurm, 412; masses, 4453
densities, 446 ; periods of revo-
Jution, and nxiul rotation, 448 ;
inclination, 419; excentricity,
457; intensity of the Sun’s light,
461.

Planets, secondary, numerical data,
462.

Planets, the small, numerical data,
504; table of elements, 5083
Olbers’ conjecturs as to their
origin, 509.

Plateau on irradiation, 487.

Principal planets, 403.

Proselenes, ustronomical myth of
the, 439.

Ptolemy mentions nebulous stars,
294,

Regular nebule, classification of,
315.

Revolution, periods of, of.the pla-
nets, 448; of comets, 553.

Rhea, a satellite of Saturn, 523.

Robinson, Dr., nebule resolved by,
304.

Rosse, Earl of, diseoveries by means
of his powerful telescope, 304 ;
his caution, 306.

Sabbath, used as a name for the
whole week, 413,
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Sagittarius, nebula in, 333.

Sanserit names of planets, 409.

Satellites, general considerations
on, 462.

Saturn, numerical data, 517; rings,
5193 excentric position, 521.

Sa;um'l satellites, numerical data,

23.

Schwabe’s observations on the solar
spots, 397 ; on the excentric posi-
tion of Saturn, 521.

Scythian myth of a fall of gold
(meteors), 589.

Seas (so-called) of the Moon, 491.

Secondary plancts, 462.

Shooting stars, upper limits of the
height of, unasccrtained, 583;
various colours, 583; magni-
tudes, 586.

Sidera Borbonia and Sidera Aus-
triaca, 367.

Sidereal aggregation, theory of, 303.

Sidereal periods of revolution and
axial rotation of the planets, 448.

Sirius, and other fixed stars, csti-
mates of the distance of, 353.

Small planets, 501.

Snow spots in Mars, 504.

Solar system, difference hetween,
and the system of doubl: stars,
351; its limits indicated by the
orbits of comets, 356 ; its con-
stituents, 357.

South, Sir James, nebulee resolved
by, 304.

Bonth polar star, scarch for a, 315.

Southern Catalogue of the Iler-
schels, 309.

Southern Cross, planctary nebula
in, 320; black spot in, 340,
347.

Southern hemisphere, with fewer
nebule, possesses relatively more
clusters of stars than the northern,
g:ls“ ; the Magellanic Clouds, 294,

Spiral nebula in Asterion, 334.

Spots, solar, 377, 398; lunar, 488;

.on Mars, 504.
Star catalogucs, early, 341; tho

Herschels’, 309; the Northern,
309 ; the Southern, 310. .
Star clusters, 297 ; predominate in
the southern hemisphere, 311. .
Star-formation theory, the, 303;
independentof the nebular theory,

303.

Stellar clusters, pgnbably no essen-
tial physical differdd™~1between,
and nebule, 365 ;“In the north-
crn and the southern hemispheres,
311.

Sternhaufen, star clusters, 297.

Suhel, a vague term of the Arabien
astronomers, 340.

Sun, domain of the, 351; its con.
stituents, 357; translatory mo-
tion, 466,

Sun, considered as the central body,
359; numcrical data, 3613 con-
jectures as to its physicul charac-
ter, 362; envelopes, 363; pe-
numbre, 371; protuberances,
375, 468; distribution of solar
spots, 377; chronological list of
remarkable appearances of, 3813
intenxity of solar lizht, 388; com-
parison of artificial light, 393;
rays of light and rays of heat,
395; Schwabe’s table of occure
rence of solar spots, 398.

Tclescope, discoveries of planets
since the invention of the, 420;
the Earl of Rosse’s, 304.

Tethys, a satellite of Saturn, 523.

Titan, a satcllite of Saturn, 523.

Titius, on the law of planetary dis-
tances, 442.

Transits of Venus, 474.

Trapezium of Orion, discovery of
new stars in, 330.

Uranus, numerical data, 524.

Uranus, satellites of, peculiarity of
their motion, 526; their numbere
undeterming'd, 527. .

Ursa Major, planetary nelula in,
320.

Ursa JMinor, 8 and v, 316.
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Venus, distance, brilliancy, rotation.
its, spots, mountains of, 473.
oVespucci searches for a south polar
star, 315; his mention of the
Magellanic Clouds, 339.
Vesta, discovery of, 421; elements,
508.
Victoria, dixcove’l;y of, 421; ele-
mcats, a8
Virgo, nebulous region of, 312.
Volcanos of the Moon, 497.
'Vlpes, nebula in, 353.

Week, or seven-day period, early

diffused among the Semitic na.
tions, 412; the Peruviau, an
error, 418.

White Ox, the large Magellanic
Cloud so called by the Arabians,
294, 336.

‘Wilson, on solar spots, 369.

‘Wurm, his correction of Bode’s law
of plunetary distance, 444.

Zodiacal light, early speculations on,
309; later opinions, 562; obser-
vations by the author and others,
563.
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This is perhaps the most exq 3-C volume of landscapes cver produced.
MILTON’S (LADY) ATTITUDES. 26 bold Qutline Engravings, royal i
HAclulI.l, lettered (pub. at 14 1ls. 6d.), 10, 6d. gravings, royul 4o, limp

HANSARD'S ILLUSTRATED BOOK OF ARCHERY. Being the complete Mistory and

Practice of the Art: interspersed with nnmerous Anecd H a Manual for
he Lowman  Rvo. Illustrated by “% heaotiful Line Engravings, exquisitely finished, by
E).n&nuunr, PORTBURY, etc. &ftc1 Designs by STEruANors (pub. at 3. 11s. 64 ), gilt cloth,
10s. bd.

3 ME D NIMA i i
MARISS.CAME AND WILD ANINALS OF SOUTHERN AFRICA, Lers tperin
10¢. 10s.), half-morocco, 6/, 6s. 1814

X ILD SPORTS OF SOUTHER . inl 8vo. i
HA&ﬂlsresd !v:lnzl;l\'iu‘l, and a Map (pub. at 2. 5!. )n,'slAlthRl&!&f‘gﬂt e gi:‘,n ll.sr: % beaunﬁ‘xl'ld

HEATH'S CARICATURE SCRAP BOOK, on 60 sheets, containing upwards of 1000
Comic Suhjects, afier BEYMOUR, CRUIKSHANK, PHIZ, and other eminent Caricaturists,
o‘n‘}t:ng I}:lm (pul b ult'.!l;‘ﬂ. y c]o'.hl gilt, :.'u. . ah o

'lus clever and entertaininz volume is now enlarge ten addi com-®
taining nunterons subyects, It includes the whole nr'l-lu ’s O nlm&n é'&'nmﬁﬁﬂum-
Illustrations of Demonology and Witcheraft; Old Ways and Nehu s; Nautical Blctiannryf
Scenes in London; Sayings and Doings, etc.; aseries of humorous lllustrations of Provcrh-'.
ervia I8 @outd b, Tuund: o most valnahic. collecHon ‘of shudien e s the fanily cloun

1« ‘aluah aliec H
ik, would be most n of es; and to the ly cirole a




PUBLISHED OR SOLD BY H. G. BOHN. 5

" . K. S CON; or POETS of the Nincteenth Cent
"Ei'v‘o’ﬁ?f..i,.‘l} K NG scﬁ'ﬁ'ngmidgn, eloth, gilt cdges, (pub. at 1. 1a.), 02 T

HOGARTH'S WORKS ENGRAVED BY HIMSELF. 153 fine Plntes, (including the twe

®eli-known “hnp‘nrenqrd Plates,”’) with elaborate Letter-press Descriptions, by J. N1cHoLs,

d  Atlas folio (pub at 80f.), half-bound moruccu, gilt back and edges, with a sccret pocket for
suppressed plates, 7. 7s.

HOLEEIN'S COURT OF HENRY THE EIGHTH. A Seriesof B0 exquisitely heautiful
Portraits, engraved by BaiRrTOLOZZI, CoOrTR, and others, in imitation of fhe original
Drawings preserved in the Royal Collection at Windsor; with Historical and Riocraphical
Letter-press by EpMuad LonGr, Esq. Publiched by Jons CitaMI1 kLA1NE. Imperial 4to,
(pub. at 154, 15s.), halt-bound moiocco, full gt back and edges, 5. 13s. Gd. 1813

HOTLANDIE 7'fISH ANGLER'S MANUAL; Edited by Epwarn Jrssy, Fsq.; or
the An of Angling In Encland, Scotland, Wales, and Ireland ; including a P'iceatorial Account
of the principalitivers, Lakes, and 1rout Streams; with Instructions iz Fly Fishing, Trolling,
and Anghne of every Deseription.  With upwoards ot 80 exurusite Plates, miny of which are

«, bughl; 1 Landscapes engl on Steel, the remamler heautifully engraved on Wood.
8vo, elegant 1 gilt cloth, 12.

HOPE'S COSTUME OF THE ANCIENTS. Illustrated in upwards of 320 beantifully-
engraved Plates, contaming Kepresentations ot Egyptian, Greel, and Roman Habits and ~
Dresses. 2 vols. voyal 8vo, Ncw Edition, with nearly 20 additionai Plates, hoards, reducod
to 24, Gs. 181

HOWARD (FRANK) ON COLOUR, as & MEArs OF ART, being ap Adaptation of the
Experience of Professors to the practice of Amateurs, iliustrated by 18 coloured Plates,
nost Bvo, cloth gilt, 8z

In this able volume are shown the ground colours in which the most crl(-hnfrdlmdmen
worked. It is very valuabie to the counoisseur, as well us the student, in painting and
water-volour drawing.

HOWARD'S (HENRY, R. A.) LECTURES ON PAINTING. Delivered at the Royal

Acadeniy, with & Memoir, by his bon, Fraak Howanp, Jaige post 8vo, cloth, 7x Gd. 1848

HOWARD'S (FRANK) SPIRIT OF SHAKSPEARE. 455 fine Onilme Plates, illustrative
of 11 Lthe principal 1ncidents in the Drumas of our pattonal Bard, 5 vols, 8vo, (pub. at 114 8s.;
cloth, 21, 25, 1827—33

#*.% The 483 Plates may be had without the letter-p , for i
Shakspeare, for 3. 1ls. bd.

HCWITTS (MARY) LIVES OF THE BRITISH QUEENS ; o&, ROYAT, ROOK OF
BEAUTY. Tllustiated with 28 eplendid Portraits of the Queens of Eneiund, by the firat
Artists, engraved on Steel under the direction of CAARLLS HoaTu.  Impernial svo, very richly
bound in erimson cloth, «ilt edges, 1/. 1is. 6d.

HUNT'S (LEIGH) STORIES FROM THE ITALIAN POETS (Dante, Ariosto, Reiardo,
Tagso, Pulet), with Lives of the Writers, 2 vols, poat Svo,, ctoth, (pub. ut £1 4s.), 10s.

HUNT'S EXAMPLES OF TUDOR ARCHITECTURE ADAPTED TO MODERN
HABITATIONS. Loyl 4to, 37 Plates (pub. at 24 2s.), half morocco, 14, 4s.

HUNT'S DESIGNS FOR PARSONAGE-HOUSES, ALMS-HOUSES, ETC. Royal
dto, 21 Plates (pub, at 1/, 1a.), half morucco, lds. 1841

HUNT'S DESIGNS FOR GATE LODGES, GAMEKEEPERS' COTTAGES, ETC.
Royal 410., 13 Plates, (pub. at 14 1s.), half moroeco, 11s. 1841

HUNT'S ARCHITETTURA ‘CAMPESTRE; or, DESIGNS FOR LODGES, GAR-
DENFERS' HOUSES, rrc,, IN THE ITALIAN STYLE. 12 Plates, royal 4to. (pub. at
14 12.), half morocco, 14s. - 1837

ILLUMINATED BOOK OF CHRISTMAS CAROLS. Square 8vo. 24 Borders illumi-
I;;ll;‘;l )inl ._,('iuld and Colours, and 4 | Mini richly C d Binding (pnl;.. ::
. 52.), 158,

ILLUMINATED BOOK OF NEEDLEWORK. By Mrs. Ower, with a History of Needle-
work, Lythe CounTEss of WiLTON, Coloured DPlates, post Svo. (pub. at 18z.), gilt cloth, 5. 1847
ITALIAN SCHOOL OF DESIGN. Consisting of 100 Plates, chiefly engraved by BArTo-
LozzT, after the original Pictures and Drawings of Giunrersno, MICIAEL ANGELO, DOMENI-
cHINO, As‘\'lluut, Lunovico, and AGosTine CARAeErl, PIETRO DA CoRTONA, CARLO
ManrTri, and others, In tho Collection of Her Muyesty. 1mpgerial 4to. (pub. at 104, 10s.), half
moroceo, gilt edges, 3l 3s. . 1812

JATILS (G P.R.) BOOK OF THE PASSIONS, royal 8vo, illustrated with 16 splendid
1 Fapravinzs, afier Drawings by Enwann CoURBOULD, STEPHAXOFF, CIIALOX, KRNNY

all 8vo. of

1 . 1QwR, and JENKINS@ engraved under the superlutendence of CilarLEs HEATH. New
e imiproved edltion (just publlshed), elegant in giit cloth, Gilt edges pub. at AL, 1is. 6d. )y



] CATALOGUE OF NEW BOOKS,

JAMESON'S (MRS.) BEAUTIES CF THE COURT OF CHARLES THE SECQO}D,
with their Portraits after Six PLTER LELY und other eminent Painters} illustrating the Diarics
of Perys, EVELYN, CLAREMIOX, & A new cdition, considerably enlarged, with an Intro-,
ducto ﬂmy aud additional Ancecdotes. Imperial 8vo, illustruted hy 21 heautiful Portralts
comprising the whole of the celrbrated suite of Paintings by LrrLy, preserved in the Windsur
lelul“e.ry. snd several from the Devonshire, Grosvenor, and Althorp Galleries, extra gilt cloti@

the same, imperial 8vo, with India proqf impressions, extra gilt cloth, gilt edges, 2. 10

JONES'S (OWEN) ILLUMINATED BOOKS OF THE MIDDLE AGES, with Histo-
rical and Descriptive letterpress by NorL I nnrnriys. Iliustrated by 39 large Plates, splen-
didly printed in gold and colours, comprising some of the fluest Examples of Jlluminated
Manuscripts of the Middie Ages, {;‘ rucularly Italian and French. Atlas folio, handsomely
half-bound morocco, gilt edges (pub. at 164, 16s.), & 8s.

KINGSBOROQUGH'S (LORD) ANTIQUITIES OF MEXICO, mz Tac-ximiles
of Ancient Meajean Paintings and Ilicroglyphics, preserved in the Rofi Labraries of Paris,
Rerlin, Dresden, Vienna; the Vatican and the Borgian Muscum, at ltome ; the Institute at
Bologue; 1be Lodleian Library at Oanad; and varous othere; the greater part incdited.
Also, the Monumcents of New Spain, by M. l')ul'mx, iftustrated by upwards of 1000 elaburate
and highly lmereninﬁ'lnle», accurately copied from the originals, by A. AcLio, 9 vols. impe-
rial folio, very seatly half bound morocco, gilt edges (pub. at 1#04.), 350

e {hie saM€, O VOls. WITI THE PLATLS LEAUTIFULLY COLOURED, halfbound morocco,
gilt edges, (pub. at 2104.), O3l .

fhe two Additional Volunes, now first published, and forming the 3th and 9th of the

whole worll;.l nluy be had scparately, to complete the former seven, in red boards, as formerly

done up, 1204 12.

KNIGHT'S (HENRY GALLY) ECCLESIASTICAL ARCHITECTURE OF ITALY,
FROM THE TIME OF CONSTANTINE TO THE FIFTEENTH CENTURY. With an
Introduction and Lext. Tmperial folio. First Seraca, containing 40 beautiful and highly inte-
resting Views of Boplesiastical Buildings i 1taly, several of which are expeusively illuminated
in gold and colours, half-bound moroceo, 34 5s. 1823

Second and Concluding Serics, contafing 41 beautiful and highly Interesting Views of Eccle-
slastical Buildings in lul‘i', errunged w Chronological Order; with Descriptive Letter-press.
Jmperiul folio, half-bound worocco, 54 bs. 1844

KNIGHT'S PICTORIAL LONDON. G vols. hound in 3 thick handsome vols., imperial
8vo, illustrated by 650 Woud Engravings (pub. at 34 3s.), cloth giit), 14 18s. 1811-41

LANDSEER'S (SIR EDWIN) ETCHINGS OF CARNIVOROUS ANIMALS, Com-
mising 58 suhyects, chiefly early works ol this talented Artist, etched h’\' his brother TRON '8
ﬁ' l;il Father, (some hi published), with letier-p 1 ip , Toyal 4to., cl;r:;li.

LONDON. — WILKINSON'S LONDINA ILLUSTRATA; O, GRATNIIC AND
HISTORICAL ILLUSTRATICNS of the most Iuteresting and Curious Architectural Monu-
ments of the Citv and Suburbs of London and Westiainster, e.y, Monasterics, Churches,
Charitable Foundations, alaces, Halls, Courts, Piocessions, Places of aarly Amuscments,
“Theatres, and Old Mouses. 2 vols. imperial 4to, contalning 207 Copperplate E’:um\vlt-, with
Iistorical and Descriptive Letter- press (pub. at 234 5s.), half-hound morocco, 5L 5. 1819-23

LOUDON'S EDITION OF REPTON ON LANDSCAPE GARDENING AND
LANDSCAPE ARCHITECTURRE. New Edition, 220 Wood Cuts, Portrait, thick évo, cloth
lettered (pub. at 1L 10s.), 155,

MARCENY DE GHUY, CEUVRES DE, ¢ uienant diffcrens Morceaux d’Histoires, Por-
raits, I'aysages, hltniflu. etc,, with ahove 50 remarkably fine Engravings, after Paintings by
PoussiN, VANDYCh, REVBRANDI, and ol rs, inclnding Yortraits of Charles 1., the Maid of
Orleaus, &c. fine impiessious. linp. 4to, balf hound morveeo (prb. ot 5L 5a.), 14 16s. Perw, 1755

MARTIN'S CIVIL COSTUME OF ENGLAND, from the Conguest to the Present
Period, from 1‘;}1:“ ys MEK., &e. Koyal 4to, 61 Plutes, beautifully Iluminated dn Gold and
Colours, cloth, gilt, 24 122. Gd. 1843

MEYRICK'S PAINTED ILLUSTRATIONS OF ANCIENT ARMS AND ARN.CUR,
a Ciitical Inguiry into Ancint Armour az it existed in Europe, hut particularly in Engiand,
from the Norman Conyuest 1o the Reizn ol Charles 1T, with a Glossary , etc. by 51k SAMUbs,
Rusy MEyrick, L.L.D., F.S5.A, etc., new and greatly improved Edition, corrected and cn-
larged throughout by the Author lumscll, with the wsuistance of Laterary und Antunian
Friends (ALsnnr WAy, etc.) 3 vols. imperial dio, il istiated by amore than 100 Plates,
splendidly illuminated, mostly in gold and siiver, exhibuting some of the fincst Specimens
Qxiating in England, also a nw Platc of the Tournament of Locks and Keys (pub. at 21%.)
half-bound worocco, iit edges, 10:. 10s. 64’

1R WALTER ScorT justly describes this Colleution as * TIIE INCOMPARABLE ARMOURY."
Edinburgh Revew, L .

G'EYRICK'S ENGRAVED ILLUSTRATICNS OF ARCIENT ARMS & ARMOUR,
S the Colice'ion i Goedrich Conrt, 150 Eneravings by Jos. BhLLTo:, 2 vols. folio (puhy
At 11 14s.), balt moroceo, top £iages gilty 4e aie Gd,




. PUBLISHED OR SOLD BY H. G. BOHN. 7

IllLLlNGEN'S ANCIENT UNEDITED MONUWIENTS; comprising Painted Greek
;nel, Statues, "llih(. Bln-nel‘l’ci-lf;, lnd uuu-r Ruﬂ\lm of Grecian Art. G2 lar[(r; ;;lxl&e&nﬂfn}

, MO
fmorocco, 41. 142, 6d.

WMOSES'S AN'I%JE VASES, CANDI:LABRA, LAMPS, TRIPODS, PA‘I'ER
Tazzus, Tombs, » Cinerary Ums, Snrruphnm. Cippi nn(’
other ()mamenu, 170 Plnten. several of whlch n'e eoloun:d, with Letter-preas, ny }iurn,
small 8vo. (pub. at 34 3s.), cloth, 1, 55.

MULLERS’ ANCIENT ART AND ITS REMAINS, or a Mannal of the ATCh&’O‘O"VOf
My C. 0. MurLt:n, author of “History and \mlqnlﬁen ofthe Doric Race.”” New edition
by Wr.l.cm.n, translated by JORK LEITEH. Thick 8vo, cloth lettered (pub. at 18s.), 125,

uuwHY's ARARIAN ANTIQUITIES OF SPA!N; representing, in 100 very highly
finished 1M+ Eneravings, by L Krux, FIxpiw, 1.\7:1:-&?1_", G. Cooxs, Re., the most
rcm'u'kn‘lle m-.lmu of the Arcnlleclnre, Sen'pture, Paintings, and Mosan s of the spudsh
Arabs now cxisting in the Penmsula, including the magmf -ent Pal:ice of tee Alhambra, the
celebrated M osgue and Bridge at Cordova; the Royal Viha of Genealaie, and the Cara do
*%Carhon ; accompamed by l.vllcr—pr«un Deseriptions, in 1 vol. atlas tollo, ongmnl and brilllant
hnprusfonl of the Plates (pub. at 42{), half morocco, 12/, 12s. 1813

MURPHYS ANCIENT CHURCH OF BATALHA, IN PORTUGAL, Plans, Eleva-
tions, Sections. and Views of the; with its Ihis and Description, and an Iutroducto
Discourse on GOTHIC ARCHITECTURE, imperial folio, 27 fine Copper Plates, en‘n
by Lowxy (pub. at 6L Gs.), half morocco, 27, Bs. 1795

NAPOLEON GALLERY; or, Ilustrations of the Life and Times of the Emperor, with
99 Etchings on Steel b REVTLEL, and other eminent Artists, in oue thick volume, post 8vo.
(pub. at 1L 1s.), gilt cl +th, gilt edzes, 10s. Gd.

NICOLAS'S (SIR HA.¢ RIS’ HISTORY OF THE ORDERS OF KNIGHTHOOD
OF TIIE BRITISU . MPIRE; with an Account of the Medals, Crossesy, and Clasps which
have been conferred rur Naval and Military 8 ftes: together witha Rh‘orr of the Order of
the Guelphs of Hano 'L 4 vols. in i 1to, hplmulnll\ printed and {llustrated by namerous
fine Woundeuts of ars, ~tars, Veidads, Ribbands, Clasps, &ec., and many
large l'l.xlel. lll\unlu.ncd m gold and ¢ oluurs, including full-length Portrits of Queen Victoria,
Priuce Albert, the King of Hanover, and the Dukes ot Cambridge und SuIsex. (Pub. at
144 14a.), cloth, with morocco hacks, 5. 158, 6d. *x* Complete to 1847

the sume, with the Plates richly col d, but not illumi 1, and without the

extra portraits, 4 vols. royal 4to, eloth, 3L 13z od.
¢ 8ir Hariis Nicolas has produced the first comvrehensve History of the British Orders of
Fnighthood ; and it is one of the most elaborately prepared and splendidiy prnted woraa thal ever
wsned from the press. The Author anpe 13 ta us to have ne~lected no sources of information,

o andtohave exhausted them, asfar as tezards the gener:l szope and purpose of the inquiry.

The Graphical Illustrations aresuch as hecome a work ot tmie charncter upon such a uuluect,
at, of courae, a lavish cost. The resources of the reeently revived art of wood-engraving have
heen combined with the new art of printing 1a colours, so as to produce a rich eilcet, almost
rivallipg that of the monastic illuminations. = Such @ boot 1 sure of a place 1 every yreat dbravy.
It contains matter calcnlated to interest extensive classes of readers, and we hope by our
specimen to excite their curfosity.”—Quarterly Kovww.

NICHOLSON'S ARCHITECTURE; TS PRINCIPLES AND PRACTICE. 218
ll.'l mﬁl by Lowny, uew editiun, revised by Jos. GwiLr, Esq., one volume, royal lvn,
3.

Far classical Architecfure, the text hook of the Profession, the most useful Guide to tht
Student, and the hest Compendium tor the Amateur. An ennnent Architect has declared it to
::ha bd noi onl; the most uxel'ul book of the kind ever published, but absovlutely indispensable to

e Studen!

PICTORIAL HISTORY OF GERMANY DURING THE REIGN OF FREDERICK
THE GREAT; including a complete History of the Seven Years' War. By Friscis
KuGLER. Illustrated by Aporrr MENZEL. Royal 8vo, with above 500 Woodeuts (pah. at
14. 81.), cloth gilt, 12s. 1885

PIQTORIAL GALLERY OF RACE-HORSES. Containing Portraits of all the Winning

Derby, s, and 8t. Leger Stakes, during the last Thntcen Years, n'n\ a

llwl'! ﬂfﬂll principal ()p-ra!lunl of the Tur!. By WILDRAKE (Georze Tattersall, Esy.),

Royal 8vo, eonlnining 95 beautitul Engravings of Horses, aiter Pictures by Coorti, Ih.-nu\n.

HAXcocx, ALKEN Al full- length chmactetistic Portraits of celebrated livig S pons-
men (** Cracks of du Day”), by SEYMOUR (pub. at 2. 2v), scariet cloth, gilt, 14 1ea

PICTORIAL HISTC)’RY OF FRANCE AND ITS REVOLUTIONS, (comprising thy
Duicnl

» by GRORGE Loxa, with fine Portraits, and numerous large woodcuts,
y LIARVEY. Large imperlal 8vo, cloth (pub. at 14,) 12

NGTURES%JE TOUR OF THE RIVER THAMES, i ils Western Course, meluding
escriptions of Richmond, Windsor, and Ifampon Court, By Jours Fisusa
glunnn'. !llusmtnd by Spwards of 100 very imxhl\ fimshed Wood Ennavings by Uskis
$y17R, BRANsTON, LANDELLS, LixTox, and other emineit Artista. hoyal svo. b,
at s-.), wilt cleth, 5e. 6d. i

The most heautiful volume of Top Liz

hs ever produced




8 CATALOGUE OF NEW BOOKS,

PINELLI'S ETCHINGS O ITALIAN MANNERS AND COSTUME, mclndmgldn
Carnival, Banditti, &c., 27 Plates, imperial 4to, balf-bound morocco, 15s.

PUGIN'S GLOSSARY OF ECCLESIASTICAL ORNAMENT_AND COSTUME
letlln; forth the Oiigin, History, and Signification of the various Emblems, l)cvleel.lna
Symbolical Colours, pecular to Christian Desizns of the Middie Ages. Illustrated by nearly @
:l;l’lllel. splendidly printed in gold and colours. Royal 4to, half morocco extra; top edges
PUGIN'S ORNAMENTAL TIMBER GABLES, sclerted from Ancient anmplcl in
England and Normaudy. Itoyal 4to, 40 Plutes, cloth, 1., la.
PUGIN'S EXAMPLES OF GOTHIC ARCHITECTURE, eclected from Anclent
Edifices in England, consmisting of Plans, Flevauons, Sections, and Parts at large, with
Hastorical and l)csmrlpﬁn- letter-press, illustiated by 225 Engravings by Li. Keux, 3 vols. ito,
(pub. at 12/. 12x.) cloth, 8/ Gy P 1839~
PUGIN'S GOTHIC ORNAMENTS. 90 finc Plaies, drawn on Stone Iy J.D. Hn.mse
and othess, Royal i, balf woroces, 3L 3. 1844
PUGIN'S NEW_WORK ON FLORIATED ORNAMENT, with 30 Plates, splendidly
printed in Guid ard (mlnun. royal 4to, elegantly bound in cloth, with rich goli ornaments,
(pub. &t 37. 3s.), 20. 5o
RADCLIFFE'S NOBLE SCIENCEOF FOX-HUNTING, for the itse of Sportsmen, royal
:vu ov:‘eurly 40 beautiful Woud Cuts of Hunting, Houuds, &c. (pub. at 1/ bs.), cloth gnlt,
RIOAUTI’S SKETCHES FOR RUSTIC WORK, uu.ludm" Bndu‘cn, Pnrk 'md Gnn’lnn
uildings, Scats and Furnitare, wit
Ethuon, royal 4to, 18 Plates, cloth lcuercd (pub. at llu ), 122,

RETZSCHS OUTLINES TO SCHILLEP'S “FIGHT WITH THE DRAGON.”

Plates, eng y Mosgs, sufl coveis, 72 6d.

RETZSCH'S |LLU5TRATIONS TO SCHILLER'S “FRIDOLIN,” Royal 4io, contain-
ing 8 Dlutes, eugraved by MosLs, stiT covers, da. bd.

REYNOLDS' (SIR JOSHUA) GRAPHIC WORKS, "f)()llo-tuhfulEn'rrs.ungs (compris-
ing nearly 400 suhjects,) alter thix delightiul painter, engraved on Steel by 8. W. REYNOLDS .
3 vols, folio (pub. at 3ul.), halt bound moroceo, gilt edges, 12/, 125,

ROBINSON'S RURAL ARCHITECTURE; heing n Series of Designs for Ornamental

Cottages, in %0 Plates, with Estimates. Fourth, uruuy impioved, Edition. Hoyal 4ito
(pub. at 4. 4s.), hulf morocco, 2¢. 5a.

ROBINSON'S NEW SERIES OF ORNAMENTAL COTTAGES AND VILLAS

56 Plates by Maupine and ALnoM. JRoyal 4to, hall moroceo, 2/, 2a.
ROBINSON'S ORNAMENTAL VILLAS. 9G Plates (pub. at 41. 42.) half morocco, 21. 5s.
ROBINSON’'S FARM BUILDINGS. b6 Plates (pub. at 21. 2s5.) half morocco, 14, 11a. 6d.

RogofySgNl'? LODGES AND PARK ENTRANCES. 48 Plates (pub at 2. 2a.), half

J

ROBINSON'S VILLAGE ARCHITECTURE. TFourlh Edition, with additional Plate,
41 P’lates (pub. at 14 1Gs), half bound unitorm, 1¢. sa.

ROBINSON'S NEW VITRUVIUS BRITANNICUS; or, Vicws, Plans and Elcvations

ocl'“!iin?lluh ]Munaior‘s. Juz N ‘l‘i“h“m Alilw\, lllalﬂr‘{ll 'Huuse, and Hardwicke 1lsll; also
sfobury ouse, by JouN BriTroN, impenial jolio, 50 fine E

(pub. at 16/, 16s. ).' half morocco, glit mlgux,ldl 13s. Cd.' e Engravings, by Lz l:(xT

no‘ YAL VICTORIA GALLERY, comprixing 33 beauntiful Lngravings, after ]"miuren af
BUCKINGHAM PALACE, pn:'lh,ularl\ REMBRANDT, the Oaﬁ'Anmfl'l'Pwuu, Gluulus
3".’3""1.’,',""1-".\“""’ nn;wt.m. 'lkn'nu. ?Jmlhluumu ; engraved by GRi.ATBACH, 8. W.
AREYXOLDS, ERBURY URKET, C. Wi tie) 8

By psy ikt 1, BuREET, 3 with T-press by LINNKLL, royal 4to. (pub. at

SCHOLA ITALICA ARTIS PICTORIA, or Engravings of the finest Pictures in the Gal-
ierics ut Rome, imperial lolio, consisting of 40 heautiful En avings after MICHAEL ANGRLO
lht-u.\tl., T1TIAX, CARACC), GUIDO, PARMIGIANG, ete. F VoLrato and others, fine im-
balf-bound (pub. at 104 10s.), 2¢. 124, Ga. Romae, 1406

SHAWS SPECIMENS OF ANCIENT FURNITURE. 75 Plates, drawn from existing

:rtzl‘a.o;l.t.i)e'ai‘rlllll.n'tte;vrlpuonl by 812 8AMULL R. MEYRICK, K.H., medium 4to, plain (pub.
e the same, with 2 portion of the plates colourcd, medium 4te. (pub. at 42, 42.), 2, 122, 6d.). ®
-—“— ‘:‘h' same, imperial éto, lurge paper, with all the Plates finely colauml, (pub. at  8is. 82.),

e the imperial 4to. lasge pa; 1th the w .
b 8t 200 Tor 'n"'. y paper, e whole of the Elnlu exiza finlsbed 1a colon:s



PUBLISHED OR SOLD BY H. G. BOEN. 9

SHAW'S ILLUMINATED ORNAMENTS OF THE MIDDLE AGES, from the 6th tothe
17th Century, selected from manuscripts and early printed hnoks, 39 Plates, carefully coloured
from the nnihmu, with descriptions by S1n FREDpCRICK MADDEN, K.1L, in one vol. 4to (pub,
at 3 .

the llxme, large paper, highly-finished with opaque colours, and heightened with gold,
imperial 4to (pub. at 10/, 10s.), 8L, 4.

SHAW'S ALPHABETS, NUMERALS, AND DEVICES OF THE MIDDLE AGES,
salected from the tinest existing Specimens, 48 Plates (26 of them coloured) imperial 8vo,
(pub, at 2/, 2s.), 14 118. 6d.

= {he same, large paper, imperial 4to, with the coloured plates highly-finished, and
heightene®t with gold (pub. at 44 4s.), 3L 10s.

SHAW'S HAND-BOOK OF MEDIAVAL ALPHABETS AND DEVICES, being a
~  sclection of 20 Plates of Alphabets, and 17 Plates of originl s ol Lihels, N
rald® Devices, & ¢. not herewofore figured, m all 37 Flates, printed in colours, Imperial svo.
in ¢loth bonag= (pub. at 14 1Gs.), 158, .

SHAW'S SPECIMENS OF THE DETAILS OF ELIZABETHAN ARCHITECTURE,

«  wihdesciiptions by T. MouLl, Es., 40 Plates, 4to, boards (pub. at 30 3s.), 14 11s. 6d.

e the same, large paper, imperial 4to, proof plates on India paper, some coloured (pub. at
0l 63.); 3L, 35

SHAW'S ENCYCLOP/ADIA OF ORNAMENT, select oxnmglzs from the purest and best
apecimens of all kids and of all ages, 59 Plates, ito, boards (pub. at 14 10s.), 12 s,

e the same, large paper, imperial 4to, all the Plates colowred, boards (pub. at 34.), 21, 12¢. Gd.

SHAW'S SPECIMENS OF ORNAMENTAL METAL WORK, with 50 plates, 4to, boards
(pub. at 24 22.), L. 8.

SHAW'S DECORATIVE ARTS OF THE MIDDLE AGES, cxhibiting on 41 Plates, with
pumerons Woodeuts, beautitul specimens of the various kinds of Ancicnt Fnamnel, Metal
Waork, Wood Carvings, Pantings on Stamed Glass, Initial Iuminatious, Embrowlery, Book-
hindineg, and other Ornaunental Testures, also fine an il elegant Initial letiers to the various
aesriptions, imperial 8vo, boards (pub. at 24 2s.), 14 162,

= the same, lurge paper, imperial 4to, 41 Plates, some colourcd, hoards (pub. at 4, és.)

3L, 1os,

the same, larze paper, imperial 4to, with the whole of the plates coloured in the highest

sty Iy, torming avery beautiul and interesting volume, boawds (pub. at /. 88.), oL, Gs.

SHAW'S DRESSES AND DFCORATIONS OF THE MIDDLE AGES, from the 7th to
the 17th centunies, with an Historieal Introduction and Des nptive Text to every 1lustration,
consisting of &3 Copper §'at s ol ¢t horate Woudceuts, 4 proefusion of beautitul Initial Letters,
ard csamples of curous amd ungular orpament eunciire nearly every page ot this lighly
i orated work, 2 vols., 1mperial 8vo, the plates caretully coloured, boa: (puh. at 74, 7a.),
&%, 15, 6d, N

== {he same, ? vols lareze paper, impezial 1o, the plates highly coloured and picked-in with
gold, boards (pub. at 162.), 11 11e.

the same, Jarge paper, smpeniil to, with the plates highly coloured and the whole of the
Initial Letters and 1liustrations piched 1 with gold (only 12 copies got vp m this manner)
(pub. at 30L), 24

SHAW'S GLAZIER’S COOK, or Dravehts serving for Glaziers, mt not impertinent for
Plasterery, Gardeners, and others, comsisting of clahorate desizus tor Casement Windows,
Plasterer's work, warden walks, ete , 117 Plates, mostly taken from a work published in 1615,
Ly WALTER G1lbbl, witn others fiom existing authorities added, demy 8vo, boards (pub. at
10t.), 105, 6

SHAW AND BRIDGEN'S DESIGNS FO® FURNITURE, wilh Candelabra and interior
Decoration, v Plates, royal 4to (pub. at i 3a.), hall-bound, uncut, 14 11s. 64 1838

the same, large paper, impl. 4to, the Plates coloured (pub. at .. 6s.), half-bd., uncut, 34 3s.

SHAW'S LUTON CHAPEL, its Arclutectare aimd Ornaments. illustrated in a scrics of 26
highly-limshed Line Engravings, imperial tolio (pub. at 3/. Js.), balf morocco, uncut, lf. li‘:io

SILVESTRE'S UMIVERSAL PALEOGRAPHY, or Fac-similes of the writings of every
age, tAken from the most authenfic Missals and other interesting Mauuscripts existing In the
Libraries of Frauce, Italy, Germmany, and England. By M. Silvestre, contaihing upwards of
800 Jurge and most heautitully executed fac-similes, on Copper and Stone, most richly lllamée
nated in the finest atyle of art, 2 vols, atlas lolio, half-morocco extra, gilt edges, 314 10s.

the Historical and Descriptive Letter-press by Champollion, Figeac, and Cham-
pmonl,";im. With additi and hy Sir F Madden. 2 vols. soyal 8vo,
cloth, .

the same, 2 vols. royal 8vo., hf. mor. gilt edges (uniform with *he follo work), 3L 8.

SMITH'S (C. J.) HISTORICAL AND LITERARY CURIOSITIES. Consisting of
Fac-uuniles of interesting Autographs, Scenes of remarkable Mistorical Events and interesting
Localities, Engravings of Old Honses, Illuminated and Missal Ornaments, Antiquities, &c.
&c., containing 100 Plates, some illuminated, with occasional Letter-press. In 1 volume 4 to

half moroceo, uncat, reduced to 2% 12s. 64
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BMITH'S ANCIENT COSTUME OF GREAT BRITAIN AND IRELAND. ¥rem
the 7th to the 16th Century, with Historica' Jilustrations. folio, with 62 coloured puates illu-
minated with Gold and Silver, aud bighly finished (pub. at 102 10s.), half bound morecco
cutra, gilt edges, 3/, 13s. 6d.

SPORTSMAN'S REPOSITORY : comprising a series of Lizhly-finished Line Engravisgs,
representing the Jlorse and the Dog, In all their varietics, by the celebrated engraver Joxx @
Scorr, from original pantings hy Remagle, Gilpin, Atubhs, Cooper, and Landseer, aceom-

anhnf by & cumnprehehsive Desciiption by the Author of the * British Ficld Sports,’’ 4to, with
7 Innw“Copper Plates, and numerous Woodeuts by Burnctt and othuia (pab. at 24,12+, 6d.),
cloth gilt. 14, Js.

STORER'S CATHEDRAL ANTIQUITIES OF ENGLAND AND WALES. 4 vols.

8vo, with 256 cngravings (pub. at 72 10s.), hult moroceo, 24 125, Gd

STOTHAPD'S MONUMENTAL EFFIGIES OF GREAT BRITAIN. 147 henutifully
tinished Etchines, all of which are more o1 less tmted, and sume of them higkly Finminated in
gold and coloygs, with Historical Deseriptzons aud lntroduction, by Keugw. Folio {pub. «t
19¢.), half norocco, 8L b,

or op large paper, Plates illuminated (pub. at 287.), 120, 124, .
G

STRUTT'S SYLVA BRITANNICA ET SCOTICA; or Fortrais of Forcst Trees, distin-
guished for their Antlquity, Magnitude, or Reanty, comprising 50 very large and highly finished
painters’ Etchimgs, imperial folio (pub. at 92 9s.), half moroceo extra, gilt edges, 4/ 10s. 1826

STRUTT'S DRESSES AND HABITS OF THE PEOPLE OF ENGLAND, from
the Estabishment of the Saxons in Lritam to the present timie; with an lhistorical and
Critical Inquary irto every hanch of Costume. New and greatly inproved Edition, with Cr-

tical and Exolanatory Notos, R. Prascns ¢, Esq.. F.S.A. 2 vola, royal 4to, 153 Plates,

cloth, 4. 45, ‘The Plates enlo .7 The Plates splendidly illummated in gold, siwver,

and opaque colours, fu the Missal style .

TTS REGAL AND ECCLESIASTICAL ANTIQUITIES OF ENGLAND.
Containing the most anthentie liepresentations of all the Englith Monarchs from Edwend the
Conlessor to Heury the Eizith, together witn many of the Gicat Personages that were cmi-
nent under their seveial s New and greatly amproved Edition, by J. R. PLANCHE?,
Fosq., F.5.A. Royal ito, Plates, cloth, 26 25, The Plates colourcd, /. 4s. Splumli;l*ly

1842

7
illuminated, umitoim with the Diesses, 124, 12,

STUBBS' ANATOMY OF THE HORSE. 21 finc large Copper plate Engravings, Impe-
rinl folio (pub. at 1/, 4x,), boards, leather bach, 14, 118 e
The original edition of this hue old wok, which 1s mdizpensabic to artists, 1t has leng-heen
considered rare.

TATTERSALL'S SPORTING ARCHITECTURE, comprising the Stud Farm, the Sall,
the Stable, the Kennel, Race Stud:, Lc., with {3 Iu.-nulfful Stecl and Wood iltustrations, several
1 HANCOCK, cloth gilt (pub. at 14 Lis. e, ), 58 s, 1850

TRENDALL'S DESIGNS FOR ROCFS OF IRON, STONE, AND WOOD, with
Measurements, &c., for the use of Carpenters and Bullders (an excellent practical work), 4to,
Mmp cloth (pub. at 15s.), 7s. . 1831

TURNER AND GIRTIN'S RIVER SCENERY ; folio, 20 beautiful Engravings on Steel
after the drawings of J. M. W, TurNEL, inilliant impressions, 1p a portfolio, with aorocco
back®(pub. at 34, 3s.), reduced to 14 s tid.

e the snme, with thick glazed paper between the plates, half-bound 1103
cdges (pub. at e e.), reduced o S LT platen meLocee,

TURNER'S LIBER FLUVIORUM, or Liver Seencry of France, 62 highly-finished Line
Engravings on Stecl by WILLWORT, GooDATT. MILLER, CovskNs, and other distinguished
Artlsts, with descriptive Letter-press by Lrston Kizc s, and a Memoir ot J, W, M. Tvnxgn,
R.A, by ALasic A WATI:, umpenal dvo, gut <leth, 17, 11y, G, or Indit Proofs, 3t s

WALKER'S ANALYSIS OF BEAUTY IN WOMAN. Preceded by aceritical View of the
meral Hy pothesis respecting Beauty, by L1 oxarpo pa Vinel, Modes, WINCK LLMANE,
UME, HOGARIIL, BURK By, KNIGUT, AL1SONX, and others. New edition, royal 8vo, illultm(ad

by 22 heautiful Plates, after drawings from life, by H. llowaxp, by Gaucl and LAX: (pub. at
2{. 28.), gilt cloth, 12, 1s.

WALPOLE'S (HORACE) ANECDOTES OF PAINTING N ENGLAND, with some
o Buglands with Noes 1y Datiaway . Now i, Teviiod ang Forect: vy aded

, with Notes ALLAWAY , w 011 vise inlarge
‘Woxxva, Esq., complete 3; 3 vols. 8vo, with :umc:nlnull:::uumm po:v.lrluiu ‘Ln.? ;l‘l'ul-’. :}A '.x-'-l.l’

WARRINGTON'S HISTORY OF STAINED GLASS, from the earhicst period of the Art
Lmperia tolo, WAtk 33 very IncEe. s hesutifall Lotorred Tistes (om of toers aenry i tSles:
) h 25 ve! arge and heautifully coloure: 2|
in Lnﬂn) balf bound nm?oeea.”glu edges (pub’ l'.uu.“:l.), slf f;..‘gi' e nesrly dadrfuet o

WATTS'S PSALMS AND HYMNS, ILLUSTRATED En)TIONScOmplete, with infexes of
‘llllliwt:l,n ‘h‘;lﬂﬂt‘l '"1‘9‘-,;; l::nl a Tnlil‘g oa Séripll‘:n;.t 8vo, prh‘n’;ed in a very large and beautl-
vy Wu.).'.ut ot e b autiful Wuod Cuts by MAxTIN, WESTALL, and others (pub. at
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WESTWOODS PALEOGRAPHIA SACTIA PICTORIA; being « scrics of Hlustrations of
the Auclent Versions ot the Bible, copied from Iilluminated Mnml:crilpu, cxecuted hetween
the fourth and sixteenth centurics, royal 4to, 50 Plates beautifully illuminated in gold aud
colours, half-bound, uncut {puh. ut 4L ivs.), 3l. 108,

WHISTON'S JOSEPHUS, ILLUSTRATED EDITION, complete; containing both the

®  Antiqnitics and the Wars of the Jews. 2 vols. 8vn, handsomely printed, emhellishbed with 52
heautitnl Wood Engravings, by various Artists (pub. &t 1£. 4v.), cloth hoards, elegantly gilt, 11s.

WHITTOCK'S DECORATIVE PAINTER'S AND GLAZIER'S GUIDE, contaiming tha
most approved mcthods of imitating cvery kind of Faney Wood and warble, in O1l or Distemper
Colour, Designs for Decorating Apartments, and the Art of Staining and Painting on Glass,
&ec., with Ex.unples from Ancient Windows, with the Supplement, 4to, illustrated with 04
plates, ot which 41 are coloured (pub. at 2/ 1is.), cloth, 14 10s.

WHITTOCK'S MINIATURE PAINTER'S MANUAL. Foolseap 8vo, 7 colourcd plates,

wnd numegous woodcuts (pub, at Za.), cloth. 3s.

WIGHTWICK ¥ ALACE OF ARCHITECTURE, » Romance of Art and ITistory. Impe-
rial 8vo, with 211 Illustrations, Steel Plates and Woodcuts (pub. at 2/, 12, 64.), cloth, 17, I;;uo

WILD'S ARCHITECTURAL GRANDEUR of Beleinm, Germauy, and France, 2% fine
Plates by LE Krux, &c. Imperial 4to (pab. at 17, 18a.), helf-moroceo, 1/, 45, 1837

WILD'S ENGLISH CATHECRALS. Twelie scleet examples fram the Cathedrals of
England, of the Declesiastic Architecture of the Middle Ages, beautifully coloure 1, after
the original drawings, by Crmn: s Winn, inperiil folio, mounted on tinted cardboard like
drawings, in a handsome portioho (pub. al 12/.°12s. ), &L, 5s.

WILD'S FOREIGN CATHEDRALS, 12 I'lates, eolonred and monnted like Drawings,in a

handsome poitfollo (pub, at 122, 12¢ ), imperial tolio, 524 5.

WILLIAMS' VIEWS IN GREECE, 64 beuutiful Line Fneravings by MiLver, Hors-
;l‘wlmr{“ :’lmd cthers, 2 vols. impenal svo (pub. at o/, ¢=.), ba:f-bound mor. eatry, gilt cdyes,
. 128, Cd. 182)

WINDSOR CASTLE AND ITS ENVIRONS, INCLUDING ETON, by Lerrcn
Rrurene, uev edition, edite I by K. Jrasn, Esa., illustrzted with upwards of 50 beautitul
Lugraviugs on S.eel and Wood, roral svo, Filt cloth, 154,

WOOD'S ARCHITECTURAL ANTIQUITIES AND RUINS OF PALMYRA AND
L BAALBEC. 2voi. m 1, imveral folie, o0 wamnding 1o fine Copper-plate Lagiavings, some
very large and foldmg (pub. at 7¢ 7v.), ha't merocco, noeat, 3b 134, od. 1827

* Patural Pistorn, Agriculture, K.

ANDREW'S FIGURES OF HEATHS. with Scientific Deseriptions, G vol3, royal &vo,
with 300 Leautifully colowred Plotes (puh. at 15.), cloth git, 74 lus, 1545

BAUER AND HOOKER'S iLLUSTRATION3 OF THE GENERX OF FERNS,
in which the clLaraeters of cach Genus are displayed in the mosp «hbhorats manser, in & :erlel'
of maguified Dissections and Uigures, laghly -hunshed in Colours, imp. 8vo, Plates, 6/. 1838—42

BEECHEY.—BOTANY OF CAPTAIN BEECHEYS VOYAGE, comprising an
Acvount of the Plants coliected by Alessrs. Lav and Cornuir. aml other Offices: of the
Expedition, during the voyaze to the Pacific_and Behring's Strats. By S'v WiLnraw
JACKsoN II00KER, and G. A. W. Araort, Esq., illustrated by 102 Plates, beautifouy
engraved, complete in 10 parts, 4to (pub. at 7/, 10s.), 5l 1831—41

BEECHEY.—ZOOLOGY OF CAPTAIN BEECHEYS VOYAGE, compiled from the
Colirctions and Notes of Captnin Breenzy, and the Scientiic Gentlemen who accompanied
the Exgedition.  The Mammnalia by Dr. Ricuannsox, O:mthology, by N. A, Vicors, Esg.;
Fishes, by G. T. Lay, Esq., and E. T. Bexxerr, Esq.; Crustucea, by Ricnarp Owex,
Esq.; Reptiles, hy Jouy Enwarp Gray, Esy. Shells, by W. Sowkrny. Esq. ; and Geology,
by the Rev. Dr. Buck.AND. 410, illnstrated %y 47 Plates, containing mauy hundred Figures,
beautifully culoured hy SowERBY (pub. at il 52.), clath, 3/. 135, tid, 1830

BOLTON'S NATURAL HISTORY OF BRITISH SONG BIRDS. lllustrated with
Figures the size of Life, of the Birds, both Male and Female, in their most Natural Attitudes;
their Nests and Eggs, boutl. Favourite I'lants, Shrubs, I'rees, &c. &c. New Edition, revised
and very considerably augmented, 3 vols. in 1, 1to, i 80 beautifull 1 a
plates (pub, at #l. 8s.), hal -hmlnd morocco, gllt backs, gilt edges, 3. 3s. 1848

» BENNETT’S FISHES OF CEYLON, ncw cdition, royal 4to, with 30 finely coloured
)?lull.'.l. extra cloth (pub. at 6L 6s.), reduced o 14, 162,

. QY: including a Comprehensive Sketeh of the
CARPE%Q;EF&"S“%F Plﬂ#u[l bPh"'l'lrtﬁ'uo.LgewYt'dmon. clrEfulJy uv:‘ud, with 287 capital Wood
mumlons, post 8vo,
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CATLOW'S DROPS OF WATER; their marvellous Inhabitauts dispinycd by the
Microscope. (Coloured plates, 12mo., cloth giit, 51,

CATLOW’S CONCHOLOGIST'S NOMENCLATOR; or, Cataloguc of recent Species
of Shells, with their Authorities, Svnonymes, and references to works whaie figm or
deserihed. By Achks Carrow and Loviss RLuvi, F.L.S, 8vo, cloth (pub. at 1L9s.), o
reduced to 10s, Gd.

ONDINENSIS; Revised and Tmproved by GEORGE GRAVES, ex-
cuaﬂsﬁ'snnghexﬁiﬁuhl by Sir W. JACKBON HOOKER; cnmlnr]slna the 1listory of Plants indi-
zenous to Great Britain, with Indexes; the Drawings made by SYDRNIAM, ];AWIABIM. and

1 folio (or 100 paris), contamine 617 Plates, exhibiting the full natural

enified Dissections of the Parts of Fruetitication, &c., all beauti-

. i parts), half bound moiucco, 1op edges glit, S04 1835

LINDLEY. 5 vols. Tor
kize of cach Plant,
fully coloured {pub.

- < RORUM BRITANNIZ, ORg BRITISH

DEEIE‘EYCI]%%?"‘ g? Elf‘ \Pl.'I"I’AI\'in\.yA SP(l;vl.{ sished under the patronage of ¢ '3 “',f“".h. Associa-

tion) fvo, numerous beautifully colowied plates of Lice, several e
figwies, cloth, 1. 172 Ud.

X E J d REARING, AND GENERAE
Dl‘a’l‘.?t?.y(isl-'..\;ll-i}f\-—l“‘gl!‘slg()i'?.'r;'lll\-".‘hsm\sﬁﬁtzlﬂl.l?\ﬁi'l uxrrcvm’um ol large additious by
MES. LOUDON, post 8vo, ntuncions mMnsiadi s by i:insay, cluth lettered, o,

DOM'S GENERRAL SYSTEM OF GANDENING AND COTAKY, 4 vols. T;L):‘;Lﬂ;".

nunerous Woodd vis (pub. at 114 8=), cloin, 1. 1s, G,

DON'S HORTUS CANTABRIGICNSIS; thirtecath Ldition, &vo (pub. al 1L 1:.4)5.

cloth, 123,

DIXON'S GEOLOGY AND FOSSILS OF SLUSSEX. cdifed by Prorkssor OWeN;
with 40 Plaues, containing upwards of 1000 Figures, several cojoured , royal dto,, (pub.
at 8L 3s.), clath, 16 11a, .

DONOVAN'S NATURAL HISTORY OF THE INSECTS OF CHINA. Enlarzed by
J. 0. WEsI1wooD, Esq., F.L &., 410, with 50 plates, contaiigng upwards of 120 exquisitely
colourced figures (pub. 4t 6/, ur }, cloth, palr, 27, s,

“Donovan’s works on the Insect: of India znd China are eplendidly Iilustrated, and
extremely useful.” —Natwrasat.

¢ The cntomolorical plates of onr countryman Donovan are highly coloured, elegant, and
uscful, eapecially those contured m his qrirto volumes (Insects oi India and China), where a
great number of specivs are delnvated for tue first tune. ' —Swanson.

DONOVAN'S WORKS ON BRITISH NATURAL HISTORY. Viz; Inscets, 16 vols.—
Birds, 10 vols.—Shells, 5 vols.—Fishea, & vola —Quadiupeda, 3 vo! eether 39 vols. 8vo,
contnining 1198 beautiully coloured plates (pub. at 63, 92, hoards, 17x. The same sct of
39 vols. bound 21 (pab.at 730 10s.), hili green mowocco extra, git edges, gilt backs, 30i.
Aay of the classcs may be bad separately.

DOYLE'S .CYCLOPEDIA OF PRACTICAL HUSEANDRY, and Rural Affairs in
.'ﬂ';gnl. New Edition, Enlarged, ibick &vo, with 70 wuud engn\{ngs (pub, at 13s.), cl;:lt?i

EPISODES OF INSECT LIFE, 3 -vols. Crown vo, with 108 illustrations, tastefully
drawn and cngraved, eleganfly bound in fancy cloth (pub. at 2/. &s.), 1L 7s.
the samc, the plates heautifully coloured, bound in extra cloth, gilt hack, sides, and
edges (pub. at 3/, 3s.), 1. 16,
the recond series, ining 36 i ions, disti d ) in itself, h
becn reprinted, and ma'y now be had ::vpuau.,v ('pub. at 10s. )..nﬂl. a b bas lately
or the sccond series, with colouied plates (pub. at 12 1s,), 14s.

DRURY'S ILLUSTRATIONS OF FORE!GN ENTOMOLOGY; wherein are exhibited
upwards of 600 exotic Insects, of the Last imd West Indies, China, New Holland, North and
South America, Germany. &c. By J. O. WrsTwooD, Esy., F.L.8. Secretary of the Xntomo -
logleal Socicty, &c. 3 vols. 4to, 150 Plates, most | ilully d, 5 above 600
figures of lnsects (originally pub. at 154 15s.), half-bound morocco, 64, 16s. 6d. 1837

GOULD'S HUMMING BIRDS. A General Iistory of the Trochilide, or lummin
Birds, with eapecial reference to the Collection of J. GouwLp, F.R.8., &c. (now exhihiting fE
the gardens ofthe Zoulogical SOEIet‘y of London), by W, C. L. MARIN, late oue of the Scientitic
Officers of the Zoolugical Society of London, feap, 8vo. with 16 coloured Plates, cloth glit, 8s.

e the same, with the Plates BEAUTIFULLY COLOURRD, heightened with gold, cloth gilt, 10s. 6d.

"GREVILLE'S CRYPTOGAMIC FLORA, comprising the Principal Species found in Great

ritain, ipclusive of all the New s{;ecles 1ecently discovered 1n Scotland. 6 vols, royal 8vo,

360 beautifully coloured Plates (pub. at 16.. 1G+.), half-morocco, 82, 8s. 18254
‘This, though a complete Work in itself, forms an almost ind! nsable S \!

thlrly-'cl: volumes of owerh{'l English Botany, which does m!:‘:.nmy;:he:xr 'é"'ﬂ:m

Plants. Iﬂwm‘:g’;m and best works on Ind\ r‘mny ever
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ND GRAY'S INDIAN ZOOLOGY. Twenty parts, forming two vol
"Aﬁ%ﬂnﬁoﬁsﬂé coloured plates (pub. at 214.), leved.Y 121, 12s., yux'p hllfamorocco,ugllt edn:

HARRIS'S AURELIAN; OR ENGLISH MOTHS AND BUTTERFLIES. Their
@ Nutural Hiutory, together with the Plants on which they feed ; New and greatly improved
Edition, by J. O. WesTwoon, Esq., F.L.8., &c., in 1 vol. sm. folio, with 44 plates, containing
ahove 100 figures of Moths, Butterflies, Caterpillars, Xe., and the Plants on which they feed,
exquisitely colouied after the originul drawings, balt-bound morvccn, 4.. 1. 1530
‘This extremely Leautifi'l work is the only one which containg our English Moths and Dutter.
flien of the full natural size, lu all their changes of Caterpillar, Chrysalis, &c., with the plants

on which they feed.

HOOKER AND GREVILLE, ICONES FILICUM; OR FIGURES OF FERNS,
With DESCRIPTIONS, many of which have heen altogether unnoticed by Butanists, or have
correctly fizured. 1'1 vols. folio, with 250 beautifully coloured Platcs (pub. at 25/, nl_c..)i

18203

not h
L%;g;o%, gilt edges,
grandvst and mogg valuable of the many seientific Works produced by Sir William Hooker,

+ HOOKER'S EXOTIC FLORA, containing Tigures and Descriptions of rare or of herwise
interesting Exotic Plants, especially of such as are deserving of hewmg cnltivated in our Gas
dens. 3 vols. imperial 8vo, containing 252 large and beautifully coloured Plates (pub. at 152.),
cloth, GZ Gs. 1823—1827

‘Thisis the most superh and attractive of all Dr. Hooker's valuable works.

% The *Exofic Flora,” by Dr. Houker, 1s Lit ¢ that of all the Botanieal publications of the in
defatigible author, excellent; aud it assmnes an appearance of hnt nd pericetion to which
meither the Botanical Maguzine nor Register can externally lay clamn.” —Lovdon.

HOOKER'S JOURNAL OF BOTANY, conlaining Figures and Deseriptions of such
Plants as recommwend themselves hyv their noselty, rarity, or history, or by the uses to which they
are applicd in the Arts, 1n Medi and in Domestic Economy, tozether with occasional
Rotanical Noticesand Infurmati nd oce isfonal Portiaits and Memoirs of enuncat Bota nists.
4 vols. 8vo, numerous Plates, sume coloured (pun. at 3¢.), cloth, 1. 1834—42

HOOKER'S BOTANICAL MISCELLANY, coniaimng Figures and Descriptions of
Plants which recommend themselves by then noveliy, rarity, o hustory, or by the uses to which
they are applied in the Arts, in Medicine L aiestic Loonomny, torether with occasional
Botanical Notices and Inionmation, incl i many valuable Communications from distin-
guished Scicnufic Travellers.  Complete thick vols. royal Byvu, with 153 plates, manydinely
coloured (pub. at 5. 53.), glit cloth, 2. 12s. td. 1830—33

HOOKER'S FLORA BOREALI-AMERICANA; OR THE BOTANY OF BRITISH
NORTH AMERICA Tllustrated by 240 plates, complete m Twelve Parts. royal 4to (pub.

at 124 121.), 8. The Twelve Parts complete, done up in 2 vols, royai sio, extra cloth, R". 0
829~30
HUISH ON BEES; THEIR NATURATL HISTORY AND GENERAT, MANAGEVENT.
New and greatly improved Edition, contaimng also the 1atest Discoveries and Imp.ovements
in every department of the Apaary, with a deserption of the most approved 1vEs now in use,
thick 12mo, Portrait and numerous Woodcuts (pub. at 1us. 6d.), eloth gilt, Gs. bd. 1814

JARDINE'S NATURALIST'S LIBRARY, 40 vols, 1200 culonred Plates, extra red cloth,
boards (pub. at 124.), 7L.¢

or the P ¥y ing to the following arrangements, in red cloth, top edges
gilt, 4s. G
Vol. Vol.
1. BIRDS. 1. British Birds, vol. 1 22, ANIMATS. 8. Ruminating Animals, vol. 3
2. 2. Ditto vol. 2 . {Goats, Sheep, Oxen)
s. ”» 3. Ditto vol. 3 23. o 9. Elephants, &c.
& » 4. Ditto vol. 4 24, » 10. Maismpialia
B » 5. Sun Birds 25, » 11. Seals, &c.
e 6. Humming Birds, vol. 1 26, » 12, Whalcs, &c.
¥ » 7. Ditto vol. 3 27. ” 13. Monkeys
8. 8. Game Birds 28, INSECTS, 1. Introduction to Entcmoe
9% » 9. Pigeons logy .
10. 4 10. Parrots 29, 2. British Butterflies
11. Birds of Western Africa|30. 8. Dritish Moths, &ec.
vol, 1|31, 4. Foreumn Bntierfiles
12. Ditto vol. 2] 82, 5. Foreign Moth+
13. Fly catchers 3s. 6. Beetles
14. Pheasants, Peacocks, &c, | 34. " 7. Bees
1. lntroduction 385. FIsnEs. 1. Introduction, and Foreiga
2. Lions, Tigers Fishes
3. British Quadrupeds 6. 2, British Fishes, v h 1
4. Dogs, vol. 1 37. 3. Di*te vol. 2
5. Dityg, vol.2 38. 4. Perch, &c.
6. Horles 39. 5. Fishes of Gulana, &c. vol. 1
7. Buminating Animala, vol. 1! 40. 6. Ditto vol.3
(Deer, Autelopes, &c¢.)
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JOHNSON'S GARDENER, with deuts, containing the Potato, one vol.—
Cucumber and Oou-eheErE!.' 1 vol.—Grape Vine, 2 vols._Anricule and Asparagng, one vol.—
I'ine Apple, 1wo vols.-~Straw berry, one vol.Dablia, one vol.—Pcach, one vol.——~together 10
vols, 12mo. Woudcuts (pub. at 1/, 58.), cloth, 10s,

~————— the same, hound in 3 vols. cloth, lettered, vs. e

JOHNSON'S FARMER'S ENCYCLOP/ADIA and Dictionary of Rural Affairs ; em-
. hraciug all the most recent discoveries In Agrienltural Chemistry, sdapted to the comprehen-
ston of unacientific readers, (by Cuthbert Jobnson, Editor of the Furmer’s Almanac) Hlustrated

by wood engravings, thick 8vo. eloth, XEW 1nriiow, (pub. at 2/, 10a.), 11 la.

LEWI!N'S NATURAL HISTORY OF THE BIRDS OF NEW SOUTH WALES.
Third Edition, with an Index of the Sclentific Names and Synonymes. by Mr. Govrp and Mr.
Exiox, folio, 27 plates, colouted (pub. at 4. 4s.), hali-bound morocco, 2(. 2s. 183¢

- ¢
'S BPIT! ITS; OR FIGT'RES AND DESCRIPTIONS &= THE MOST
u"]?t’i’%‘{l%'\a‘;l“‘-lf EIFF'?H"I (su-' FRUIT CULTIVATED IN GREAT nm'l'AIN.Ea vols,

Toyal fvo, containing 152 most heautifully coloured plates, chicly by Mxs, W11 HERS, Aﬂil':

to the Horticuitural Society (pub. at 104 10s.), half hound morocoo extra, gilt edges, 5.. u.““
“This is an exquisitely heautiful work, Tvery plate is like a highly finished drawing,
efmilar to those in the Horticultural Transactions.”

LINDLEY'S DISITALIUM N.ONOGRAPHIA. Yulio, 28 plates of the Foxglove (pub.
at 4/. 4a.), ciothy 14, 1ls. Gd.

the same, the plates heautifully colourcd (pub. at 6L. 6s.), cloth, 2L 12, 6d.
LINDLEY'S LADIES' BOTANY; or, Familiar Introduetion to the Natural System of

Botany. Fulth editon, 2 vols. $vo, with 100 coloured Iiates, illustrating the Flower, Fruit,
and Aunatomy ot every Trihe ol Plants, (pub. at 2., 10s.), cloth gilt, 14, 5z,

LOUDON'S (MRS) ENTERTAINING NATURALIST, being Popular Descriptions,
Tules, and Ancedotes of more than Five ttundred Animals, m'mprehEndnﬂnll the Quadrupeds,
Rirds, Fishes, Reptiles, Insects, fe., of wich a kuowledze Iz indispensable in polite educa-
tion. “With Indexes of Scientiic and Popular Names, an Explanation of Terms, and an Ap-

endlx of Fahulons Aninals, 1llastrated by upwards of 500 hesutiful woodeuts by BLwICK,
ARVEY, Wiiyrny, and others. New Edition, revised, enlarged, and corrected to the
present state of Zoologicsl Knowludge, Iu one thick vol. post 8vu, git cloth, G 1850

LOUDON'S (J. €.) ARBORETUM ET FRUTICETUM BRITANNICUM, or the
Trces and Shrubs of Iritain, fauye and Foreien, delineated and described; with their propa-
gation, culture, manitement, and usce. Secand ymproved Fdition, 8 vols, 8vo, with above
400 plates of trecs, and upnun{s ol 2500 woudcuts of treex aud shizubs (pub, at 102.), 5. 55. 1844

LOUDON'S VILLA GARDENER, comprising the choice of a Suburban Villa Residence 3
the layifig-ont, planting, and culture of the garden and grounds; and every nccessary infor-
mation for the Amatenr in collecting, placing, and resumg all ihe p'ants and_trees usnall;

- ecultivated in Grear Britain; the management of the Villa Farjp, Dairy, and Poultry Ynnl
Siecond edition, edited by Mrs. Lowlon, $vu, cloth extra, with upwards of 377 diagrums, &c
finely engraved on wood (pub. at 121.), 8s. 6d.

LOW’'S DOMESTIC ANIMALS OF GREAT BRITAIN, exemplified in filty-six large
and very beautitully coloured plates of the various breeda of the Ilorse, Ox, Sheep, and Hog,
from drawings by Nicholson, H.8.A., afier paintings by SuixLs, R.8.A., 2 volé. in 1, imp. 4to,
balf bound morocco, gilt edges (pub. at 182, 16s. ), 8. S2.

. .
MANTELL'S (DR.? NEW GEOLOGICAL WORK. THE MEDALS OF CREATION

or First Lessons in Geulog; and in the Study of Organic Remains ; including Geological
Excursions to the Isle of Lem ¥y _Iirighton, ILcwes, Tilgate Forest, Charnwond Forest,
Farringdon, Swindon, Calne, Lath, Bristol, Chifton, Matlock, Crich Hill, &c. By Grneen
AvrarR¥ON MAXTELL, Esg., LL.D., F.R.S . &e. Two thick vols, foolscap 8vo., with co-
loured Plates, and several h“mdud beautiful Woodcuts of ¥ossil Remains, cloth gilt, 15s. 1854

WANTELL'S (DR.) PICTORIAL ATLAS OF FOSSIL REMAINS, eonlilﬁnp of
Coloured Illustrations selected from Parkinson's ** Organic Remains of a Former World,” and
ﬁr'l‘l:;' “' ‘:udnuvhn Phytolugy,” with descriptions, Ly Dr. Maatell, 4to, with 74 coloured
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GCHLEIDEN'S PRINOlPLES OF ScIENTIFIc BOTANY ; or Botany as an Inductive
Sclence, transla by 1 )v ESTER, 8vo, with nearly 400 Illuatrations on wood
and steel, cloth (yuh. nt u. u.), . 6d. 1849

SELBY'S COMPLETE BRITISH ORNITHOLOGY. A most magnificent work of the
Flgures of I!rllllh Birds, conmnln‘f exact and faithful rcl‘_reucnutlnnl in their full natural
@ size of all the known species found in Grnt Brlu\ln. Tgures in 228 hoautifully coloured

Plates. 2 vall. elephant folio, el (pub. at 105L), giit back and
~gllt edges, 31i. 10s. 1834
¢ The grandest work on Ornithology published in this country, the same for British Birds
that Audubon’s is for the Birds of Anicrica. Every figure, cxcepting in & very few justances
of extremely large birds, is of the full natural size, beautifully and accurately drawn, witn all

the spirlt of life.””—Oruthologist’'s Tert Book.

¢ What a trcasure, during a ralny forenoon in the country, is such a glerionsly illuminated
kelh 1t is, without doubht, the most splendid of the Find ever published
in Britain, and will stamd @ comparison, without any e+ Iipse of its lustre, with the moat magni-
fic ornllllolugicul illustrations of the French school. Mr. Selby hax long and deservedly
;u:kna h as a sclentific naturalist.”’—Blaciwood's Mayazine.

SEI.BY'S ILLUSTRATIONS OF BRITISH ORNITHOLOGY. 2 vols, 6vo. S(-coml
tion (pub. at la. 1s.), 12s.

slBTHORPE's FLORA GRACA. The most costly and magnificent Botanical uork
ublished. 10 vols, foliv, with 1000 beantifully eoloured l'lm.-n, hali-houad. morocco,
p;l’lzlhhagg by p end the strict!) Lmited to those subscribed for (puab. at

Separate Prospectusces of this work are now readv for delivers. Only 40 copics of the
original stock exist. No greater number of subscribers’ names «an therefore be received.

SIBTHORPE'S FLORA GRACA PRODROMUS ; sive Plantarum omnium Enume-
in Provincils sut Insulis Gracim imvenit Jou, SIBINORTE: Charactercs ct

ymn omnlum cum Aunnotationibus Jac. Evy. S8iriTH. Four parts, in 2 thick vols. 8vo,

(pnb. at2l 21.) s, Londsni, 1818

SMITH'S (COLONEL HAMILTON) HISTORY OF THE HUMAN SPECIES, its
Typical Forms, Primeval Distribution, Fihations and Migrations, with 31 celourcd l'hlen
{each eontaining two or mnre subjeets), Portrait, awd Vignette title-page, tlack fcup. Svo, full
glit cleth (pub. at 7s. Gd. }, 51

This velume ranges with JARDINE’S NATURALIST'S LIBRARY.
SOWERBY'S MANUAL OF CONCHOLOGY. Contnining a complete Introduction to

the Science, illustrated hy upwards of 650 Figures of Shells, etched en copper plites, in which
the most characteristic exmuinples are given of all llne Genera us\nlrlhhell up lu 1he present
time, arrmged in lamarckhn Order, ac 1 1 by copious K ; Ubservations
distrsbution of cach ; A abular hﬂu of the Sys-
tems of Lamlrek and De Bhinvihe ; ® Glossary of Technical Terms, £c. New lidition,
considerably enlarged and improved, with numerous Wouodcuts in the text, now first added,
8vo, cloth, 18s.; ur with the Plates cnlnlm.-cl, cloth, 124 s

SOWERBYS CONCHOLOGICAL ILLUSTRATIONS; UR, COLOURED FIGURES
LL THE HITHERTO UNFIGURED Sl ELLS, cumpleu n 200 Parts, 8vo, com-
prlllnu several t! d Fignres, all 1 (pub. at 1531.) 74 10a. 1813

SPRY'S BRITISH COLEOPTERA DELINEATED ; containing kigures and Descrip-
tions of all the Genera of British Beetles, cdited by SHUCK ARD, #vo, with 91 plates, comprising
GuS figures of Bectles, beautitully and most ncrumhl_\ drawn (pub. at 24 2s.), cmth, ll. 1a. 1849

“The most perfect work yet published in this deyp of British E:

STEPHENS' BRITISH ENTOMOLOGY. 12 vols. 8vu, 100 colourcd l’lntu (pnb :c
21L.), half hound, 8.. 8s.

= Or separately, Lumorrzu, 4 vola. 4l. 4. COLROPTERA, 5 vols. 4/ 4s. Dmuurrmu,
ORTHOPTERA, NEUROPTERA, &C., 1 vol. 1/, 15. HYMENOPTRRA, 2 vOls. 2L 25

SWAlNSON'S EXOTIC CONCHOLOGY; or, FIGURES AND ])ESCI{IPTTONq or
FUL, OR Uhl)Lsoull\ﬁ l\lll LLS. Royal 4to, containing 84 large llld
hulll.\!‘nll’ colnured ngunl of Shells, half botn : mor., gilt edges (pub. at 8., 52.), 2/ 121 63

SWAINSON'S zoou.oclcm. JLLUSTRATIONS : o, ORIGINAL FIGURES AND

DESCRIPTIONS OF N£W OR INTERESTING ANIMALS, relecred chiefly

from the Classes of Ornitholoy Em.omoluzy aud Conchology, 6vols. royal vo, containing
318 finely coloured Platea (“gy at 1l. 16s.), half bound moroceo, gilt cdges, 9. 9.

SWEET'S FLORA AUSTRALASICA:' ok, A SELECTION OF IANDSOME OR

CURIOUS !LANTB Nativea ol New Holland and the South Sea Islands. 15 Noa., forming
1vol. royal 8vo with d Plates (pub. at 8.. 15s.), cloth, ;‘.’:1‘3.

SWEET'S CISTINEZ : cR, NATURAL ORDER OF CISTUS, or ROCK !.08E. 80
5'3:'{.' i;zlrnﬁn‘u cl‘:vol. ;oyu 8vu, complete, with 112 beautifully colourcd Plates (pub. at 8. l- ).
, 20. 122,

4 Que of the mont 1

ing, and hith the of Mr. Sweet's beautifal pnbllelﬁolu.'
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Miscellancous Snglish Literature,

INCLUDING

HISTORY, BIOGRAPHY, VOYAGES AND TRAVELS, POETRY AND THE ¢
DRAMA, MORALS, AND MISCELLANIES.

' A LECTIONS from {he STECTATOR, TATLER, GUAEDIAK, nn‘d
BAFI"'I?Iﬁ.?!!I‘I.Dms‘KEI?I(Rhsa)l‘lsv%l\nilmry L..av, new edition, mnnpluh-’m 2 vols, 'pan! svo, clegantiy
minted, with Portraits of Addison aud Steele, cloth, Yunyjorm weth the Standard Library, llmh'.

at 10s.), 7s. Mozun, 1649

ELAKEY'S HISTORY OF THE PHILOSCPHY OF THE MIND; qnl‘l.xwing ihe
Goidoma o1 all Writers on Mental Seience fron the eatliest petiod o the proge’s dmg, 1 \'nl:..
thich sve, very handsomely priuted, cioth lettered, (pub. at 3t.), . Longmuns, 1850

BOSWELL'S LIFE OF DR. JOHNSON; BY THE RIGHT HON. J. C. CROKER:
Tncorporating his Tour to the Heluides, and accompanied by the Commcentaries of all pre-
ceiiingg Fditors. with namerons Additional Notes and 1llustrative Anccdotes ; to which are
added Two Supplementary Volumes uf Ancedotes by Wawhins, Prozzi, Murriry, TYRRS,
RiyKoLDs, S1KVENS, and others. 10 vols, 12mo, 1llustiated by upwards of 50 Views, Por-
traits, and Sheets of Autographs, fincly engraved on Steel, from Drawings by STANFIELD,
HARLING, &c., cloth, reduced to 1/, 208,

Thi* new, improved, and greatly enlarged edition, heautifnlly printed In the popnlar form of
Sir Walter Seott and Byron's Works, Is just such an edition as Dr. Johnson him«cl! loved and
recomuuended.  1n one o’ the Ana recorded 1n the supplementary volumes of the present
editiou, he sep8: ¢ Books that you may carrv to the fire, and hold readily in your hand, are
the most useful after all.  Such'books form the n:ass of general and casy reading.”

BRITISH ESSAYISTS, viz., Spectator, Tatler, Guardian, Rambler, Adventurer, Idler,
and Conuuisseur, 3 thick vols. 8vo, Yortrail> (pub. at 2. 5s.), eloth, 14 7s.  Lither volume
may Le had separate.

BRITISH POETS, CABINET ED!TICN, containing the complete Works of the prin-
cipal English Poets from MiiToN to KIXKL WmiTr. 4 vols, post dvo. (size of Standard
:illgary‘!, printed ina veiy small but beautiful type. 22 Medallion Poitraits (pub. at 2¢, 21.),

oth, 18z,

BROUGHAM'S (LORD) POLITICAL PHILOSCPHY, 2ud Essay on the British Con-
stitution, 3 vols. svo. (pub. at 1L, 1la. Gd.), cloth, 1. ls. 1814-46
Briush Constitution (a portion of the preceding work), 8vo, cloth, 3s.

BLANC'S (LOUIS' HISTORY OF TEN YEARS, f:im 1530—1640. 2 thick vals. Svo,

cluth (pub. a1 1L bs.), 1educed to T G,

BURI™3 ENCYCLOPADIA OF HERALDRY; OR, GENERAL ARM
FENGLAND, HCOTLAND, AND TLELAND. 'Comp;'i:ilm a Registry of 3015-;025
Behrings, Cre: ts, and Mottors, trom the Euliest Period 1o the Present Time, inclnding the
Inte Graats by ive Coliege of Arms ~ With un Jutroduction to Heraldry, and a Dictionary of
Terme. Third Judition, with a Supplement. One very large vol. imperial Bvo, heauts 1y

rhm.-'d i]n small tvpe, in double colunns, by WinT115GHAM, embellished with an claborate
tispicee, richly Lluminated in goll and colours; also Woodcuts (pub. at 24, 2s.), cloth

glit, 14 1s, 1844

The most clahorate and useful Work of the Lind ever published. It contains upwards of
30,000 Armorial Bearings, and jucorporates all that have hitherto been given by Guillim, Ed-
mondson, Collins, Nisbet, Lerry, Robsun, and others ; besides many thousand names:which
have never appeared in any previous Work, Tius volume, in fact, in & small compass, bus
without abridgment, couthins more than four ordmary quartos.

NETT'S HISTORY OF HIS C ES,
'uvntl\hElIlltosrlc'-tll nndollinqrnphicnl Nulu:YVIx.!“l a-':'m -?xpee Eo?nﬂfolﬂ&,qf FnO'IRmATION,

BURNS’ WORKS, WITH LIFE BY ALLAN CUNNINGHAM, AND N

SIR WALTER §COTT, CAMPBLELL, WOEDSWORTH, L()L‘KL’ART, &c. ol.lroyEsll !E(?.
fine Portrait aud Plates (pub. at 18s.), cloth, umiform with Byron, 10s. 6d.

This iz positively the ouly complete editin of Burns, in a single volume, 8vo. It contains
Aot only every scrap which Burns ever wrote, whether prose or verse, hut alvo a_considerable
numher of Scotch national airs, collected and jdustrated by him gmu ¢iven eldewhere) and fall
aud interesting accounts of the oceasions and circumstances of his various wrnitings, The very
complete and interesting Lile by Allan Cnnningham rlone occupies 161 pages, and the 1ndices
and Glossiry are very copious. ‘The whole forms a thick elegantly printed volume, extending
’:bxfa'm'}\’eﬁﬁf :I“i:lf ’;nbeA(ﬂhﬂc “ Ingh : lonle in ‘l ; s hlmisll"trh.hn Siovornme

he Life by Allan Cunningham. comprised in only 47 pages, and the whole v

tu only 504 pages, do not contain ahove tw o-tlnmlul the abov e’. pagen olume

CARY'S EARLY FRENCH POETS. A Series of Notices and Translations, with un
Introductory S8ketch of the History of French Poctry; Edited byghis Son, the Rev, HExay
Caxy, Foolscup 8vo, cluth, 5. ‘ 1848
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IVES OF ENGLJSH POETS, supplementary to Dz. Jonxson’s “Lives
cAili:l’l'lsedky hinssan. Foollcllf %vo. eloot.h. 78 o 1346
CHURTON'S RAILROAD BOOK OF ENGLAND ; Historical, Topographical, and
Picteresque; descriptive of all the Cities, Towns, Country Scats, and Sulyects ot local inte-
Test on the various Lines, imperial 8vy, cloth, with map and numcrous cuts, (pub. at 1k 14)y
®  reduced to 1vs. 6d. 1821

CLASSIC TALES. Cabinet Fdition, comprising the Vicar of Wakefield, Elizabetl.,
Paul and Virzima, Gulliver’s Travels, Sterne’s 1 1 Journey, S of Werter.
Theodowus and Constumin, Castle of Otranto, and Rasselas, complete in 1 volume, 12mo;

medallian Portraits (pub.at 10s. 6d.), cloth, Ja. 6d.

COPLEY'S (FORMERLY MRS. HEWLETT) HISTORY OF SLAVERY AND ITS
ABOLITION. becond Cditlon, with an Appendix, thick small 8vo, finz Portrait of
Clarl.son (pub. at 6x.), cloth, 4s. 6d, 1839

- COWRER'S POETICAL WORKS, including his omer, cdited by Cary. Illustrated
dl! yal 8vo, with 18 beautitul Engravings on Steel, after Designs by ILanvey, cloth, git
edges, 15¢.
CRAIK'S ROMANCE OF THE PEERAGE; or, CURIOSITIES OF FAMILY TITS.
TORY. 4 vols. post ¥vo, with fine Portruts on Steel of WALTI R DLYERFUX EAiL o LissLX,
AX> 1 Ducniss oF Moxyouri aAD BuecLnuey, Mary TUboR, and 51k ROSLET DUDLEY,
cloth (pub. at 24, 2v.), 18s.

CRIMINAL TRIALS IN SCOTLAND, narrated by Jomw IlirL BuproN. 2 vols.
pust bvo, (pub. at-18s.), cloth, Yr. 1862

D'ARBLAY'S DIARY AND LETTERS; cdited by her Nigcr, including the Period
nl:n-r llt:w:m uee at the Court 0 Queen Charlo'te 7 vols, small 8vo.  With Portraits, cloth
extra, Me.

DAVIS'S SKETCHES OF CHINA, During an Inland Journey of Four Months; with

an Account of the War. 2 vols. pout $v0, with 4 new M.p ol Clhuna (jsub, at 16s.), cloth Y. 1851

DIBDIN'S (CHARLES) SONGS Admiralty edition, complete, with a Memar by
T. Dispin, Hlustiated with 12 Charactenatic Sketches, engraved on Steel by GiLores
CRUIRSHANK, 12mo, cloth letteicl, Sa. 1848

DOMEST!C COOKERY, by n Lady (Mrs. Runpery). New Edition, with numerous
waditional Receyus, by Mrs, Biren, 32mo, with 9 Plates (pub. 2t va.), cloth, 3a.

EQYPT AND NUBIA, Nlustrated from Burchhardt, Iandsay. snd other lending Autho-

mies, by J AL S o, 125 e Woud Buavings.  Demy Svo, (pub. at 12s.), cloth, 3s.

ELLIS’S POLYNESIAN RESEARCHES, beiug a complete Account of the Society and
Friendiv Jslands, witten durmg a Resudence 4 vols. {eip. svo, new odition, with a complete
Tuden, maps and piates, cloth (pub, at 34.), 1edueed Lo L.

FENN'S PASTON LETTERS, Ongmal Lettess of the Paston Family, written dvering the
Reigns of Hemy VI, Edeard 1V, and Richard 111 by sanous persons of Rank and Conse -
quence, chifly ou 1listuriea: Subjects. Neow Battion, with Notes aul Corrections, complete.
2 vols. bound in I, square 12mo (pub, at cloth gilt, Zs. Quaiutly bound in maroon
morocco, cuved hoalds, m the early sty le, il en, 158,

The ouginud edition ol this very curions and_interesting series of hi.torical Lettera Iy a rare
book, and sells fur upwards of ten guineas. The present 1s not an aludgement, as might be
supposed fiom its fo.m, but gives the whole matter by omitting the duplicate version of the
Jetters written in an ol slete lunguage, and adopting only the more modern, rexdable versivn,
published by Fenn.

*The Paston Letters are an important testimons to the progressive condition of soclety, and
come in as a precions link in the chan of the moral lustory of England, which they alono in
this period supply. They stand indecd singly 0 Europe.—ifallum.

FIELDING'S WORKS, EDITED BY ROSCOE, COMPLETE IN ONE VOLUME
(fom Jones, Amelin, Jonathan Wild, Joseph Andrews, Plays, Essays, and Miscellanies.)
1edium Svo, with 20 capuial vlates by Crt rLsuaNk (pub. at 17, iv), cloth wmlt, s,
1t all the works ol unagination tow LEnglish genins has given origm, the writings of
Fieldmygs are perhap  most decidadiy and exclusively her own.’—8ur i ulter Scolt.
‘he prose lHomer of human nature."’— Lord Lyron.

FOSTER'S ESSAYS ON DEGISION OF CHARACTER; on a Man’s Writing Mempire
of Rimself; on the epithet Romantie, on the Averson of Menof Taste to Evangelical Rellgion,
&c. Feap. 8vo, Eighteenrl Edition (Pnh. at 6s.), ¢ e

1

41 have read with the greatest admiration the Essay Mr. Foster, Ife is ~ne of the most
profound and eloguent writcas that Lo:land has y L.’ —8ur Jaimes Mackinlosh

FOSTER'S ESSAY ON THE EVILS OF POPULAR IGNORANCE. New Edition
e!lex:;m‘l'y printed, in feap. §vo, now first uniform with his Essays on Decision of Character,
eloth, s,

¢ Mr. Foster always considered this his best work, and the one by which he wished his
RS ork whichy papular s sdmired, au It confessedly is, has ousand
work which, ular and admired, as It confesse: never met wi
part of the uu.emi'n hich it dourvu."’—br. Lye amli ' v thhe th *
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FROISSART'S CHRONICLES OF ENGLAND, FRANCE. AND SPAIN, &o.
ranslated by CoLoNLL JolfnLs, with 120 heaumul ‘Woodcuts, 2 vo.s, super-royal xvo.
(pub. at 14 lGs.), cloth lettexed, 14 hs. 1840
FHOISSAHT, ILLUMINATED ILLUSTRATIONS OF, 74 Pluics, printed ingold and
vols. super-royal §vo, hull bound, uncut (pub. at dn 10s.), 82, )lh.
large paper, 2 vole. royeldto, half bound, uncut (pub. at 10/.10s.), 6% o®

FROISSAR'I"S CHRORICLES, WITII THE 74 ]LLUMINATED ILLUSTRATIONS,
2 vols. auper-royal 8vo, clegantly hnll-bound red moroceo, gilt cidges, amhle—
munuy miod (pub. at 6l vs.), 4/. 100

'GAZETTEER.—NEW EDINUURGH UNIVERSAL GAZETTEER, AND GEOGM-
PHICAL DICTIONALRY, mure complete than ang hitherto peblished.  New Edition, revised
and cnmlileud to the present time, by Jous Tnowusox (Editor of the Unwersal Jdtlas, &c.),
very thick 8vo (1040 pages) Maps (pub. at 162 ), cl%th, 125

This comprehensive volume i. the latest, and hv far the best Universul Onm‘lccr t"lu}lu-
1t Includesa full account of Affghaniatan, New Zealand, &c. Xe.

GELL'S (SIR WILLIAM) TOPOGRAPHY OF ROME AND ITS VlClleT‘-’. An
jmproved Edition, complete in one vol. 8vo, with several Plates, ¢ ln|l|, 12, Witha very Iarge
Map of Romeand its Environs (fiom a mest careful tii 1 survey), ted on cloth
and folded in a case 50 as to furin o volame.  Together 2 vols. ﬁvu, cloth, 14 1

¢ These volun.es are 5o replete with what is valuable, that were we to employ onr enﬂre
eurnal, we could after all atford but a meagre lndu-ntmn of their interest and worth., It is,
ndecd, 1 lasting memoral of Onaent it » escrtion, devoted to a sulpect of great ln:pnn-
ance, and une dear, not only 1o evenn m‘hul.u. but to every reader of intellizence to whom the
truth of bistory is an ohject Wi consaderation.*”

GLEIG'S MENKOIRS OF WARREN HASTINGS, first Governor:
vols. 3vo, tino Poruait (pub. at 2. vs.), cloth, 1. 1,

GIL BLAS, trmls.nivd from the Freneh of L Sane. With 21 fine line Lugr.nm-m
after SMIRK1. 5 vols, in 2, food. dvo. eatra ddoth, gt eages, (pub. it 34 e ), 105, 22

GOLDSMITH'S WORKS, with n Life and Notes, - vols. feap. Svo, with enraved Titles
nlnr:ll'l‘nn-u by S30THARD 8rd CrUtasHANK. New and clegant Lidition (nel. ut IL), extra
cloth, 12~

* Can any author—ean even Sir Walter Scott, be compared with Coldsmith for the varlety,
hc:nuli' and power of Liscompoations?  You may take ‘lim and ‘cut him out 1 little stars,’ ¥o
mauy lights does he o the imugmation.’ - ithenae:

“The volumes of ( s wil coer constitute oue ul lhu most precicus ¢ wells of Euglish

undefiled.”’—Quet trrey focr

Gﬁge;sngl‘)lR JOHN MASON) BOOK OF NATURE; S vols., foolscap 8vo, cloth,

GORDON'S HISTORY OF THE GREEK REVOLUTIGN and of the Wars and Cam-

Enllnu nrising from the Mr es of the Greck s m Nuun;ipnhng their country from the

Furkish \nkn- By the lnie Taowas f-(ll(l-lih General ¢t a Division of the Gieek Arm).
Second Edition, 2 vols. 830, Maps aud Plans (pub. at 14 10s.), cloth, 10s. b,

GORTON'S BIOGRAPHICAL DICTIONARY. A ncw and cnlarged Edition, wi lth A
Supplement, compieting the Vorh to the prescat tune, $ vols, svo, clotu letteiwd, 14 lh. va.

HEEREN'S (PROFESSOR’ HISTORICAL WORKS, translated, from the German viz.
-AsiA, Kew Edition, complete in 2 vols.—AlR1cA, 1 vul. F‘unm’l AND IT8 COLONIES, 1
vnl.—-lnlcnn:r GREECF, and H1s1081¢AL TRI A%Ts1 5, 1 VOL_MANVAL OF ANCIENT Mis-
TORY, 1 vol.—wuulln.r G vols. 8vo (fonverly pub. at 74.), cloth lettered, uniform, 2¢, 5s.
.' New and Complete L durms, with Generul Inderes,
4 Professor Ylceren's Historical Rescarcbies stand in the very lnghult rank among those with
which modern Germany has enru hed the Literature of kurope.” —Quaréerly Kcniew,

HEEREN'S HISTORICAL RESEARCHE: INTO THE POLITICS, INTERCOURSE,

AND TRADES OF T11E ANC. T N ATIONS OF AFRICA ; including the (..arthluinimn,
Ethlopians, and Lgyptians. ]\e“ H"lluh. corected thwnphom, with an Tudex, Lite of
Author, new Appendixes, and other Additions.  Complete i 1 vol, &vo, cloth, lus.

HEEREN S HISTORIOAL RESEARCH ES INTO THE POLITICS, INTERCZURSE,
F THE ANCIENT NATIONS OF ARIA: inclwding the Persians, Phoe-
llchnn. nllnylonlnnn, Beythiuns, nml Indmns. New and imprnved Ldglinn. complete in 2
voll. Svo, elegantiy printed (]xul.. originally at 2. 8..),cloth, 1
the mun valuable acquisitions mude to our hLmﬂcn. storics since the days of .

twalof Bengal. 8
134)

HEEREN'S ANCIENT GREECE, translated by BAncrorr; and

TREATISES z.—1. The Political contequences of the Relurm.ll.lon. ]l.H"(!l'seTl?hR.lcl#oL-
gress, and .l’nctlcnl Influence o1 Folitical 1bevnies. IT1. The Rse and Growth of the bonﬂ-
neutal Interesis vi Great Brtain. in 1 vel svae with Index, cloth, 15s.
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f UAL OF THE HISTORY OF THE POLITICAL SYSTEM OF
Hsﬁzﬁgl"sﬂ'ﬂéﬂ ITS COLONIES, trom iis formation at the close of the Fiftecnth Century,
;3 ita re e;!nhllnhmrnt I;llull tl;e Fall n]l gql:;:lcon ; translated from the Fifth German Editlon.
ew Editlon, complete in 1 vol. 8va, cloth, 1ix

** The best 'lllsml:' y of Modern Europe that yot appeared, and it is likely long to remaln
® wuthout a rival.-—Alhenacum. A .
A work utsterling value, which wiil diffuse neefnl knowledge for generations, after all the

shallow ders t inction are for ly forgotien.” —Luterary Cazetle.

EREN'S MANUAL OF ANCIENT HISTORY, particnlarly with regard to the Consti-
HEtllRllEnNs.sﬂw Commeree, and the Colontes of the slal'es of Antiquity. ‘Lhird Edition, corrected
d. 8 b. at 15+.), cluth 125,
and fmprove vo (pab. o ‘,*’}Vﬂ‘:: Edition, with Indezx. 1847
“We never remember to have scen 2 Work in which so much usefal knnwledge was con-
densed into 5o small a compass. A eareful examination convinces us that this hook will be
o wseft r our English higher schools nr colleges, and will contribute ta direct attention to lh,g'
e 1ore instructive parts of history. The traunslation Is ex«cuted with great fidelity.’
—Quarterty Jowrnu! of Leueutwn.

: " OF ANCIENT GEOGRAPHY. For the use of Schools and
Higﬂﬁrlt%‘mﬁﬂu&hpu:d from the Works of A. 11, L. IIrLki %, 12mo (puh.' at 2x, 6d.),
cloth, 2s. Oxyord, Talboys, 1830

HOBBES' COMPLETE WORKS, English and Lutin, edited by S W, MoLESWORTIL.
Yortrait and plates, 16 ve 1 KL dag), cloth, 3i. e
The Latin Warks forn 5 slish Works t! vols, each with a General Index. As
fewer were printed of ¢ atn than of the English, the former aie not sold scparately,
but the Englisk 1] vols. may be bad tor 14, 16s.

HUPAE AMD SMOLLET'S HISTORY OF ENCLAND, complete in 1 large vol., with a
Memoir ot Hume, mpl. 8vo, fine portraiis of the authors, extra cloth (pub. at 14 5e.), 14 12,

JAMES'S WILLIAM THE THIRD, compnrising the History of Ins Reign, illustratedina
series of unpublished letters, addressed to the Duke of Shrewshury, by Javrs VRRNoOX,
Secretary of State; with Intioduction and Notes, by G. P. R. J ames, Exq., 3 vols, 8vo, Por-
traits (pub. at 24 25.), cloth, 1ss. 1841

SAENISCH'S CHESS PRECEPTOR ; # new Analysis of the opepigzs of Games; t'nln.:;

lated, with Nares, by Witn u, 8vo, eloth, iettere | (pub. at 15¢.), §s. bd.

JOHNSON'S (DR.) ENGLISH DICTIONARY, printed verhatim from the Author’s lnst
Folio Ydition. Wuh all the Examples in full. To which aue prehxed a History of the Lan
guage, and an FEnglish Grammar, 1 large vol. imperial #vo (pub. at .4 2v.), cloth, 18s.

~ JOHNSON S (DR.) LIFE AND WORKS, by Mrrruy. New and improved Edition
complete in 2 thick vols. Svo, Portrait, cloth lettered (pub. at 1/, 118, 6d. ), 13x. 1830

JOHNSCNIANA ; a Colleetion of Miscellancons Ancedotes and Sayings, sathered from
neariy a hundred different Publications, and not contained in Boswi.LL's Life of Johnson.
l:‘i(h:e‘: h_vl.l. W. ChOKEER, M.V. tnick fcap. 8vo, poriraat and frontispiece (pub. at 10s.),
cloth, 4. G,

JOHNSTON'S TRAVELS IN SOUTHERN ABYSSINIA, through the Countalz of Adel,
to the Kingdom of Shoa. 2 vols. 8vo, Map and Plates (pub. at 1(. 8s.) cloth, lus. 1844

KOHLRAUSCH’S HISTORY OF GERMANY, frem the Farliest Period to the Present
Time, bvo, oloth (pub, at Ms), 1ed seed 10 Ss. .,
CON1I NT Auncient Germany and ita Inhabitants, from the most Ancient Times to the
Canquer ts of the Franhs under Clovis, A.b. %6 -Liom the Conquests of Clovis to Charle-
magne 480-7u8  The Carlovingians, hom Charennigne to Hemy 1., ju8-919—From Heury [,
10 Rudolphus of Hay 2, 919 1270~The Middle Ages  From Rudolphus 1., of Haps-
buig, to Charles V., $-1520 — perurs of Dilierent Houses, 127.0-1447—- The House of
Austria, from Charles V. to the Peace of Westphalia, 1520-1048—F1om the Peace of- West-
phalia in 1618 to the present tume,

KNIGHT'S OLD ENGLAND'S WORTHIES: a PonTrArr GALLERY of the most
emincnt Statesmen, lawyers, Warriors, Artists, Men of Letters and Seience, &e., of Great
Britain, accompanied by full and oiiginal Biographics (written by Lorp Brovenast, Crax,
Dx-MORGAN, and others), imperial 4to, with 74 fine I'ortraits on steel, 12larze coloured Plates
of remarkahle hnildings, and upwards of 250 Listoricul and decorative Vignettes on wood,
cloth gilt (pub. at 1a. 22, 6d.), 152,

KNOWLES'S IMPROVED WALKER'S PRONOUNCING DICTIONARY, containing
S s Ma: e it et Sl
1ition, ¢
cloth letterad (pub. AL 14, 45.); 7o 60, ’

» LACONICS; OR, THE BEST WORDS OF THE BEST AUTHORS. Seventh
Edm;m.u:l vols, 18mo, with elegant Frontplcces, containing 30 Purtralts (pub, at 18¢.). cloth
glity 7s. 6d. .
This pleasant oollection of pithy and sententious readings, from the best English authors o.
all ages, has long cnjoyed great and deserved popularity.

LoWs, BOMESTICATED, ANIMALS OF GREAT SRITAIN; smpreieding te
pec a R W
ples and practice of Breeding. Thick ,lvo, (pub. n.n{l.e b:).' clc;tll. 5-.““" oas on the pr
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X : TTIE TEIMSKRINGLA, or CHRONICLE of the
LAIKNI‘:'.'\'EQK(')'!“"%SOT?&A"“I.O&mﬂx& fromn the Icelandic orsmrrﬁ’smrlclon. with a preliminary
Disuertation and Notes by SAMUEL LAING, Esq,; 3 vols., 8vo.; cloth, (pub. at 1%, 16s.), 18s.

‘LAMB'S (CHARLES) WORKS, complete; confaining his Letters, Essays of Elin,

- Poems, Plays, &c., with Lifc of the Author, including the additional Memoriais, by S T. g.

TALFOURD, in 1 stout volume royal 8vu, handsomcly priuted, with Portrait and ‘ligncua Title,
(pub. at 1Cs.), cloth, 12s

y . 3 vols. 8vo. With a very large Map of
Liﬁnlsalﬁrgs%h)u;r:ﬁyghﬁ v'-ﬂuﬂﬁaﬂﬁﬁ&ﬁ Plates of anclent Greex lmcriptlam,‘ﬂc.
(puh. at 2/ 8s.), cloth, 1/ Bs. 1830

LEWIS'S (MONK) LIFE AND CORRESFONDENCE, with muny Picees in Prose and

Veise, never before publiahed.  2&ols. 8vo, Portrait (pub. at 14 8s.), cloth, 1z, 183D

LEIGH HUNT’S STORIES FROM THE ITALIAN POETS, (liante, Jnosto,
Boardo, ‘Tasso, Pulci), with Lives of the Wiiters. 2 vols, post dvo, (pih.oat 12 ¢
*,% This elegant work 1s for the Ttalian Poets what Lawb’s Tales are fo1 sl

LODGE'S (EDMUND) ILLUSTRATIONS OF BRITISH HISTORY, BIOGRAPHY,
AND MANNERS, intne Rewns of Henry VI, Edward V1., Mary, Xlizabeth, and James 1.
Second Edition, with above 80 Autographs ol the principal Cl crs of the period, Three
vols, bvo. (pub, at 1L 16x.), cloth, 1. pLE!

MACGREGOR'S COMMERCIAL STATISTICS CF ALL NATIONS. A Digest of
1he Resources, Legtslation, Tanffe, Dues, Shipping, Jmports, Lxporta, Welghts and Measures,
&c., &c. of All Notons, including all the Britishe Conunercial Treaties, 5 large vols, super-
10y &l 8vo. cluth, (pub. at 7i. 10s. ), 2(. 128, Gd.

MALCOLM'S MEMOIR OF CENTRAL INDIA. Two vols. 8vo, third edition, with large
Map (pub. at 14 ba.), cloth, 1bs. 1832

MALTE-BRUN AND BALBI'S UNIVERSAL GEOGRAPHY; comprising, 1. The
History of Geographical Discovery; 2. Frinciples of Physica’ Geography ; 3. Coniplete Dew
scription, from tlw most recent sourees, of all tne Countries of the Wornd.  New and enlarged
Edition, revised and corrected t with an Alphabeti Index of 13,500 Names.
Thick 8vo, cloth (pub. at 12, 10-.), rcduced 1o 3o, 1B31

MARRYATS BORNEO AND THE INDIAN ARCHIPELAGO. ]mﬂprﬁad &vo,

richly illustrated with heautiul Lithog Ls, tinted likc Drawings, and Engravings
on wood (pub. at 14 111 Gd. ), cloth gilt, 12« 1818

MARTIN'S (MONTGOMERY) BRITISH COLONIAL LIBRARY ; forminga popular
‘and Authentie Deseripiion ol all the Colonus ot the Britizh mphe, ard embracing the ig-
tory— Physical Geography —Goology —Climate - Anmual, Vegetabje, and Miner.d Kingdoms—
Government—Fiauce—Military Defence—Commerce —Shipping -Monvtary Syatem Religion

—~Population, White and (‘vloured—Education_and the Press- Emigration—Social State, &e.,

of each Settlement., Fouuded o Ofhierdd and FPublic Do uta, jurnished by Gavurnmcnt:

the Hon. East India Company, ¥e¢. I[Mustiated by Ongtaal Maps snd Plates, 8 vulumes,

scap. 8vo. cloth, 1. I,

e -:i..’valume of tuc above series 1s complete in itself, and sold separateiy, as follows,

Tirk CaNADAS, UPPRR AND LoW) R,

NEW MUuTi WaLLs, VAN DIinviN's LAXD, SwAN Rivig, and Sortn AUSTRATIA,L

Tie WesL INpiLs. Vol L —Jamaica, Hondwas, Trimdad, Tolago, Grunada, the Bahamas,
and the Virgin Jsle ’

Twr West Ispirs. Vol 11—

Isscquino, Berbice, Anguilla,
and Nevis.
Nova Scoria, NEw Baraswics, Cun Briaos, Prixer Lbwarp's Iscr, Tue Brie
MUDAS, NEWFOUNDLAND, and Hubsoss Bay.

Tuk Fast Ianins. Vol 1. containng Bengual, Madras, Bombay, Agra, &c.

:'.J;lm l‘:.\n-li’hmun. Vol. 11. 1 N o
RITISIL 'OSSIISSIONS IN THE ADIAN _AAD TLANTIC C1LANS, ViZz.Ceylo; n.
Malacen, Singapore, Sierrn Leone, the Gambii, Cape Coast Cutfn.-, Accm,’lhgl}-:'l::kmﬁl
1slands, St, llelena, and Ascension.

WARTIN'S (MONTGOMERY) CHINA Tolitical, Commercial, aud Social. Two vols.
8vo, G Maps, Statistical Tables, &¢, (pub. at 1L 4s.), cloth, 11a. 1847

MAXWELL'S LIFE OF THE DUKE OF WELLINGTON. Three handsome vols. 8vo.
Embellished with numerous hizhly-finishid Line-Engravidzs by Coorkx and other eminent
ists, consisting of Battle-Picces, Portraits, Military Plans and Maps ; besider a great
er ol fiue Wood Engrat ings ; (pub. at 3. 7s.), elegant in gllt cloth, 14 16s. Large papcr,’
Indla proofs (pub. at 32.), gilt cloth, 2/. 12+,
¢ Mr. Maxwell’s ¢ Life of the Duke of Wellington, in our opinion, has uo rival among similar
publications of theday. . . . . We pronounee it free {rom flattery and bombast, succinct
and masterly. . . . o The type and i i e ad: le; the plans of
‘battles and sieges numerous, ample, and usetul; the portraits of the Duke and his warrior
Contemporaries many and faithtul; the battle pictures animated and brildant; and the
wiguettes of costumes and manuers worthy of the military genius ol Ilorace Vernet himself.”

—Times.

MAXWELL'S HISTORY OF THE IRISH REBELLION OF 798, with Memoirs ot
the Union, and of Emmett's Insurrection in 1843, cloth, 8vo. with Portraita and numerous
Wustratioas on stcel by GrureE CRUIKSHANK, ucw editivn, gilt clath, (pub. st 16s.), 9s.

ritish Guiuna, Barbadocs, St. Lucia, $t. Vincent, Demerara,
rioty, St. Katis, liarhucin, Anll,zu.l', hl('lllnl!ﬂﬂt., l)ummim:
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-

MINIATURE LIBRARY (BOIIN’S.)

All foolscap 12mo., printed on the finest paper, and very eleganily Loardcd wn lhe new style of

morocco cloth.

BARBAULD AND AIKIN'S EVENINGS AT HOME ; comprising a great variety
of nmusinz Inrtruction for Young Persons, compl ] Iy priated, froatispleces,
cloth gilt (pub. at ¢s.), 3s.; or with gilt edges, Js. vd.

BOURRIENNE'S MEMOIRS OF NAPOLEON. Onc stout. closely but clezantly
printed volume, feap. 12mo. with fine equestrian ait of Nap , and frunuspi
cloth glit, (pub. at 5s.), 3s. bd. ; or with gilt edges, 42,

BUNYAN'S PILGRIM'S PRCGRESS. Quite complete, including {he Third Part
with a Life and numerous explanators Notes by the Riv. T. ScosT. Elegantiy printed on
fine wove paper, and embellishedwith 25 fine fuil-sized Woodeuts 1y 1' ARV, containi: 2
ald'in l& num‘ey’l cdition, also & Lne frontispicce and vignette, cloth gilty 3s. G ; or with

cdges, 48

BY 'S POETICAL WORKS, including several Suppressed Toems not published
in other editions, in 1 thick vol., with a beautitul Frontpieee, cioth gut, 3s. vd, ; or with
gllt edpres, da.

BYRON'S DON JUAN. complele, clegantly prinicd, ficntispicees, cloth gilt, {pub.
at is.), s Gl or with gilt edges, 3s.

CHEEVER'S LECTURES ON BUNYAN'S PILGRIM'S PROGRESS, and the
Life and ‘Hmes of Bunyan, frontispieces, cloth gi't, 2 G,

COLERIDCE'S SELECT POETICAL WORKS, cloth gilt, 2s.; or gilt edges, 2s. CJ.

COWPER'S POETICAL WORKS, with a shor Life by SovTigy, including (for the
flnt time in a small size), all the CoryrienT PoLvs, coniplete .n one handsome volume,
feap. 23mo, (700 pages), very elegently printed, with 1wo extremely beantitul Frontispieces
after M anvLy. engraved oun dSteel by Goonart, doth gilt, s 6d.; 01 witl t e

DRYDEN'S POETICAL VYORKS, complete in 1 vol. with a Portrait, Fiontispiece
and Viznette Title, elotn gilt, Ss. wl. ) or with 'alt edges, 4s.

ENCYCLOPADIA OF MANNERS AND ETIQUETTE; comprising an improved
edit:on of Chesterfield’s Advics to hirs Son on Men and Maunnets, and Tui Yovsa MAN's
Ow~ Roox; a Manual of Politeuess, Intehcciual Improvement, and Moral Deportment,
calenlated to toym the Character on a solud Lgsis, amd 10 insure Respectability and Success
in Lue, one elegantly printed volume, fron i picee, cloth gilty, 2s., or with gilt edges, 25 Gd.

HEBER'S (B!SHOP) AND MRS. HEN/.N'S POETICAL WORKS. Tlree vols.
In oue, cloth gilt, 25, Wi, , or with gt cdzes, ds.

MHERRICK'S POETICAL WORKS, compirte in one {hick velume, clegantly printed,
fine {rontispiece by CA1MELN O 1, Ciothgult, Ss.; or wilh gilt edges, 38, Ga.

JCE MILLER’S JEST BOOK; huire a Collection of the most exeellent Bon Mots,
Brillant J ests, and Stiikmg Anecdotes m the Fnghsh Languacg, complele inone thick and

I t ;.-legantly priuted volume. hiontispiece, cloth gilt (pub. at 1a.), 3s.; or with gult
edges, s, Gil,

NEW JOE MILLER. A Sclection of Modern Jests, Witlicisins, Droll Tales, &c.
cloth gilt, 22 6¢. ; or with gilt edges, 3x,

LONGFELLOW'S POETICAL WORKS, viz., Voites of the Night—Evangeline—
Seasule and Firesude - Spanish Students—Voctual Trauslations, 2 vols. iu 1, portrait und
fiontispicces, cloth gilt, 2s. bd,, or with gilt edges, 3s.

LONGFELLOW'S PROSE WCRKS, viz., Ouire-Mer—TII) perion—Kavasagh, 3
vols. in 1, cloth gilt 2s. Gd.; or with gllt edges, 35

MILTON'S POETICAL WORKS, wilh Lifc and Notes by Dr. StenninG ; to which
is prefixed DR. CRAXNING'S Essay on Milton. Froatispicee, cloth gilt, (pub. at 6s.),
3s. Gel. ; or with gt edges, 4s,

OSSIAN'S POEMS, irunslated hy MacnrenrsoN; with Dicsertations concerning
the Eta and Poems of Ossiay; and Di. Brar's Critical Dissertation.  Complete in
1 neatly printed volume, froutispiece, new Edition, cloth gilt (pub. at 4s.), 3a.; or with
gilt edges, 3s. 6d.

POPE'S HOMER'S ILIAD, complele, with Explanatory Notes and Index, and an
Essay on the Life, Writings, nud Gienius of Homer, elegantly printed, frontispicces, cloth
glit (pub. at Gs.), 32.; or with glit edges, 35 0d.

This 18 the only pocket edition with notes. .

SCOTT'S (SIR WALTER) POETICAL WORKS; containing Luy of ‘he Lust Min-
strel, Marmion, Lady of the Lake, Don Roderik, Xokeby, Ballads, lyrics, and Songs;
with Notes, anda Lile of the Author, completc in 1 elegantly printed volume, portralt
frontlsplece, cloth giit (pub. at 5s.), 3s. 6. ; 01 with gt cdges, da. .

STURM'S REFLECTIONS ON THE WORKS OF GOD, and of his Providence

t all Nature, t lated from the Geaman, complete in 1 elegantly printed vol.,
frontispiece, cloth giit (pub. at 5s.), 3s. ; or witn giit edges, 3s. 6de

*THOMSON'S BEASONS, with his Castlc of Indolence; 4 beautiful woodcuts,
cloth glit, 2. ; or with glit edges, 25 64,

VATHEK AND THE AMBER WITCH. Tvwo vols. in one, cloth gilt, 25, 64.; oz
with gllt edges, 3a. c ones eilt, :
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MONSTRELET'S CHRONICLES OF ENGLAND AND FRANCE, ly Cozonks
Jonxes, with Notes, and upwards of 100 Woadcuts (unifora with Froissart), 2 vols. super
royal 8vo, cloth lettercd (pub. at 1/. 101.), 14, 4s.

NELSON'S LETTERS AND DISPATCHES, by S12 ITare1s Nicoras, 7 vols, fvo,
(pub. at 5. 10s.), cloth, %, 10z, 1445400

NUGENT'S MEMORIALS OF HAMPDEN, his Tarty und Times. Tlurd Edition.
‘With a Memoir of the Writer. Portraits, Jost $vo, (pub. at 12s.), 62,

RICHARDSON’S CENTRAL AFRICA, the Narrative of a Mission performed in the
years 1850 1, by order of Her Majesty’s Government (in company with Di. 3an1u), 2 vol‘u‘.
post 8vo, with map, cloth (pub. at 14, 1x.), 7». a3

PERCY'S RELIQUES OF ANCIENT ENGLISH POETRY, consistiug of Old ITerore
Ballads, Songs, andether Pieces ol our Earlier Poets, together with some fow of later cate,
and a copious Glossary, complete in 1 vol. medium $ve.  New and elegant Kdition, wipk orau-
tifully cugraved Title and Fruntispicee, by STEFIANOFF (pub. at 158.), cloth gitgy % ude

POPE'S POETICAL WOFKS, complete in 1 thick volume, foolscap Svo., frontis)

(8
and vignette, cloth gilt, (pub. at 5e), 3v. oy 1812

RAFFLES’ HISTORY OF JAVA, with an Acconnt of Bencoolen, and etails of the
Commeree and Resources of the Indian Archipelago.  Edited by Laby Rarrnes. Tugether
3 vols. 8va, and a splendid gnarto Atlas, contaming upwards of 100 Plates by DANIELL, mauy
finely coloured (pub, ut 3Z. 16s.), cloth, 14 7a.

ROBINSON CRUSCE. Cilunet Pictonal Tdition, including his furiler Adventures,
with Life of I 101, &c , upwards of 60 fine Woodcuts, trom Designs by HARVEY, post 8vo.
New and improved LEdition, with additional cats, cloth gilt, 4. 6d.

The only small edstion which is guite complete.

“ Perhaps theie exits no wk, cither of instruction or enterfainment, in the English lan-
guage, which has hren more gencrally read or moie deservedly admired, than the Lite and
Adventures of Robingon Crusoe.'’—Mr H alter Scoll.

ROBIN HOOD; 2 Collcetion of all the Pocms, Songs, and Ballads relating to this celea
hrated Yeoman, to which is prefixed, his History from inedited Documents, and a Memoir of
Rirson, by J. M. Guren, F.S.A. Two vols, elezantly printed in crown gvo, with Portrait of

tson, and upwarda of 120 tasteful wood engravings by FAlRnoLT, extia cioth (pub, at
14.102.), reduced to 15s.

ROLLIN'S ANCIENT HISTORY. A New and complete Edition, with engraved
l'rorll-tlsplncuh aud 7 Maps. 2 vols. bound in 1 stout huxul:umc vol. royal 8vo, (pub. at 14 18.),
y 128,
The only enmplete edition in a compact form; It is uniform In size and appearance with
Moxon’s Serfes of Dramatists, &c. The mevious editions of Rollin in a single volume are
greatly abridged, and contain scarcely half the work.

ROSCOE'S LIFE AND PONTIFICATE OF LEO THE TENTH. New and much
improved Edition, edited by his Son, Tnovas Roscoy, Complete in § stout voi, #vo, closely
hllr very handsomely printed, illustrated by 3 fine Yortraits, and numerous illustrative En-
gravings, as head and tail picces, cloth, 1. ds. 1845

ROSCOE’S LIFE OF LORENZO DE MEDICI, CALLED “ THE MAGNIFICENT.”
New and much improved Tdition, edited by L, hon, Tuovas Roseor, Complete in 1 stout
vol. 8v0, closely but very handsomely printed, illustrated by numerous Engravings, Introduced
as head and un-piecu. cloth, 12s. 1845

1 have not terms sufficient 10 express my admiration of Mr. Roscoe’s genius and erudition,
or my gratitude for the amusement and information ] have received. I recommend his lubours
10 our country as works of unquestionable genius and uncommon merit. ‘lhey add the name of
Roscoe to the very fiist rank of Ruchsh Classical Historlans,”’— Malthias, Pursudsof Literalure,

“ Roscoe Js, 1 B ink, by far the beet of our st orians, hoth for benuty of sty le and for deep

flections; and hus t lations of poet1y are equal to the originals.”’— W ulpole, Earl ¢f Orjord

ROSCOE'S ILLUSTRATIONS, HISTORICAL AND CRITICAL, of e Life of
Lorenzo de Medicl, with an Appendix of Guginal Documents, 8vo, Portrait of Lorenzo, and
Platen ipull. at 14s.), hoards, 7s., or in 4to, printed to match the cdition. P, itand

Plates (pub. at 12, 1ix. 6d. ), boards, 10z )
#4% This volume is supplementary to all editions of the work.

ROXBURGHE BALLADS, cdited hy Joux PAynx COLLIER, post 4to, bheautifully
nted by WHITTINGHAN, and embellished with 50 curious Woodcuts, half bound

the Roxhurghe style (pub, at 1/, 4a.), 123 1847

SHAKESPEARE'S PLAYS AND POEMS. VarLry’s Cabinet Pictorinl Edition, with

Life, Glossarial Notes, and liistorical Digests of each Play, &c. 15 vols. (enr. 8vo, with 171

Plates engraved on steel after Designs of the most distinguished British Artists ; ‘also Fac-

almiles nr all the known Autographas of Shakespeare ( pub. at 34, 13s.), cloth, rich gllt, 2L 52, 1848

. 1 vol. 8v0, with E. '
s YD, AN NS ek vy Expignatory Notes, and a
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Pocket Edition, with a Life by ALeXANDER
SHA!&‘S:"E:&EE'&SH lYnsl Q’J}IchDvnq olm.sprlnud in a Diamond type, with 40 lylecl Enmﬂnzﬂ

(pub. at 10s, 6d.), cloth, 5s.

SHAKSPERE" PLAYS AND POEMS with }Jxr anatory Notes, and n Skelch of lus
Life and Writings, edited by CiraRrLEsS kxignr. lllmv.rnm.l by Y large Designs on wood
by W. lIaRvEY. Sixth Edition, thick 8va. cloth, 10s. ¢d

SCHLOSSER'S HISTORY OF THE XvViiith CENTURY AND OF THE XIXth

111l the Overthrow of the French Empne, with particular refeienee to Mental Cultivation and
rss. ‘I ranslated from the German \v) DAaAvVIsoN, with copious Index. 8 thick vols, bve,

Pri
(pub. at 4/. 16s.), cloth extra, 1, bs.
SHIPWRECKS AND DISASTERS AT SEA. Narralives of the most remarkable
, Confiagrations, Mutiuics, Xc. comprising the ** Loss of the Wuger,” ** Mutiny of the
¢. 12mo, Frontizspicce and Vignette (pub. at Gs.), cloth, 3s.
SRICL! 'S WORKS, Edited by Roscor. Complete in 1 vol. (Roderick Random,
hrey Clinker, l‘u'u:rlnc Pickie, Launcelot Grenves, Count lathom, Adventures of an
Atont nvels, Plays, & Medium 8vu, with prial Plate., by Cruihsnang (pub. at
1. 42 ), cloth gilt, l~ll
¢ Perhaps no hook ever written excited such peale of jncatinguishable Jaughter as Smol-
lett’s.—Sur Waller Scoll.

STERNE'S WORKS. Complete in 1 vol. 8vo, Portrait and Vignette (pub. at 18s.)
cloth, 1us. td.

ST. PIERRE'S WORKS, including the * Studivs of Natnre,” “Puul and Virginin,” and
the ¢ lmh:m Cotuage,” with a Mq.muir of the Authm, and Notes, by the Rry. L. CLARKE
compicte 1n 2 thick vols. teap. 8vo, Portrait and l-rumuplcc:s (pub. at 16s. ), cloth, 7s. 1846

sWi FT,"S elY'ORKS )]?;tllm;(} bl) Roscos. Complete 1w 2 vols, medinm Svo, Portrait,

o cloth gi't, 3,
‘p‘l‘. %\ ;:-u vver in the |‘hreu kmgdom:- has any books at all has Swift.""—Lord Chesterfield.

SYRIA AND THE HOLY LANL, ther Seen wl thew People; being Incidents of

lhstur} and ‘Aravel, trom Bezen) AroT, Ie1 WBINSGN awd ot Ler le m-Aullmrmes,
- KiEnLy. With 160 fine Wouod Jagasioge~ ey 8y, (Lub.at 12s, '.(‘Iulll,

TAAFE'S HISTORY OF THE KNIGHTS OF MALTA, &c., 4 vols.in?2, 8vo. c]oth
ghit, (pub. at 220 10s.), os,

TAYLOR'S (W.B. S.) .IIQTORY CF THE UNIVERSITY OF DUGLIN l\nmeroul

‘Wood kLungravings of ite Buildings and Acudocaie Costun ed (pub. at 17.), cloth, 7s. 6d. 1845

THIERS' KISTORY OF THE FRENCH REVOLUTION, lllb 10 parts in 1 thick vol*

royal 8vo, haadsomely priuted, cluth ctiered (pub. at Ie. ax. ), 10x,

THIERS' HISTORY OF THE CONSULATE AND EMPIRE OF NAPOLEON,
the 10 parts in 1 thick vol,, 10-al 8vo, handsowely printec, cloth lettered (pub. at i(, 55.), 10s.

TucKER s LIGHT GF NATURE PURSUED Compicte in 2vols. Gvo. (pub. at . 10s.),

" The 'lellt of Naturc’ is a work which, after imuch consuleration, L think. mynlf lu:ho-
rized to call the most onginal and profound that has ever ou moral p
James Mackinl sk,
TYTLER'S ELEMENTS OF GENERAL HISTCRY. '\u\ 'I"Ahtxon, thick 12mo, (536
closely printed pages), steel Frontispicee (pub. at 5v.), cloth, Sa.

WADE'S BRITISH HISTORY, CHRONOLOGICALLY APPANGED Compre'hemll
o clussified Analysis of Events and Occurrences m Church and State, and of the Constitution.
Political, Commercial, Inteliectual, and Sovial Progress of the Urited Kingdom, from the first
ll“nlon by the llommm to the Accession of Quesn Victoria, with very copious Index and
Supplement. New Edition. I large 1cmatkably thick vol, rojul svo, (1200 pages), cloth, 18s.

WALPOLE, MEMOIRS, OF HORACE, WALPOLE, b, Hi2 CONTEMPORARIES
3 o ) o
Portraits of Waipole and Mine Bery, (pab. at 10, ke). On traw berry il 2 vols., avo.,

WATERS'TON'S CYCLOPADIA OF COM MERCANTILE LAW,
COMMERCIAL GEOGRAPHY AND Q :\VNXIEQ'FEH\. New Ldilan lelle prl;[.N ANCE,

WELSFORD ONre.clz:tIlE!lenRu'E:nNuirAPP uRP;MIFlCA;I'llONIS ‘OF“THE ENGI.I&H
i uto "1 ¢ heaty, L A
Sﬂtlulm.-nlu of '.IP pﬂuupu’l l.unqnl m"\u‘l mn-‘.‘. b.'lt.' ltli:l‘l:.l l:&l‘u‘:wd, l(’p{lb. n’fn- '):,ml ond Flaal
WEI.SFORD'S MITHRIDATES MINCR: or wn Fosuy o Lungnage; 8ve., cloth,let-
toxed, (pub. at 104, Gd.), ss. 1848
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IORCESTER'S. NEW CRITICAL AND PRONOUNCING

WEB&.‘I';‘%R)E\IQ{’“(D)F ¥HE ENGLISH LANGUAGE, including Sclentific Terms: to whicn
are added WALKLR'S Key to the Pronunciation of Classical and Scriptural Proper Nances,
much enlarged ; andn'l-‘ronounclui\'ocnlmmr_\- of Modern Geographical Names. New Edi-
tion, enlarged and cntirely revised by WoscEsTer. In 1 thick vol. royal 8vo (pub. at 1L z‘;h

clot 3

, 122,

WHITE'S FARRIERY, improved by RossER, 8vo, with Plates engraved on stecl (pub.

at 14s.), cloth, 72, 1847

YTE" TH , FROM THE EARLIEST PERIOD

W e DT e tvcr lates {hus. at 16 8e.), cloth, 125 o

AY. A new and beautiful Fdition, with ad-

w"ﬁh’fﬁaﬂ? SPVJS 'lkl‘zllefxﬁ?ﬁtalx;r P’.lﬁelﬁ('puh. at 6. ), extra red Turkey cloth, richly gi!:.anek.
8. Gl

WRIGHT'S COURT HAND RESTCRED, or the Studént asgisted hﬁéing old
Charters, Decds, S.c. siall 410. 23 plates (pub. at 14 bs.), cloth, 152 b 119

Theoleap, Morals, Eeelesiastical Pistory, &,

BARRETT'S SYNOFSIS OF CRITICISMS upen those Passages of the OLD TESTA-
MENT in which Commentators have diftercd fiom the Authorized Version ; together with
an caplanation ol ditheulties o the Mebiew o Enghsh exts. 5 vols, roval v, (pab.
ut 324 105,), ciothy 1 1a.

BAXTER'S (RICHARD) WORI‘S, with Sheich of the Life, and Lssay on the Gemns
of the Author, 4 vols. impenal Bvo. (pub., at 1/, 4s.), 20 125 G,

BINGHAM'S ANTIQUITIES OF THE CHRISTIAN CHURCH. New andimproved
Edition, carcfully revised, with an enlarpud Index. 2 vols, impl. 8vo, cloth, 34 11a, Gel. ™ 1850

“Rinzham is u writer who does cqual b nourto the Fnelish elergy and to the Enzlhi*h naten,
and whose leaining s only to be cquailed by his modeintion aud impartiality” —Quarterly Kec,

CALMET'S DICTIONARY OF THE BIBLE, WITH THE BIBLICAL FRAG-
MENTS, by the Jate CnARLFS TAYIOR. 5 vols, 4to, illustrated by 202 Copper-plate Engrav-
fnes,  Eighth meatly enlarced Editiog, bewtnully printed on” Gne wove paper (pub. at
10/, 10s.), giit cloth, 44 Ma. wd.

$AIr, Taylor's improved cdition of Calmet's Ticti~narv i indigpenaably necessary to every
Binlical Student. The additions made nnder the title of * krazments’ are extracted from the
most rare and authentic Voyeces Frase 5 o Judea and other Oriental countnies; and
+comprehend an assemblage o1 enrions mud nlustranive deseriptions, explanatoly of Seripture
jucidents, customs, and manners, wheeh could nat possiblv be explained by any other medinm,
I'he numerous engrivings throw great i ht on Oneatal customs.”—Horue,

CALMET'S DICTIONARY OF THE HOLY BIGLE, abridged, 1lnge vol. imp. €vo,

‘Woodcuts and Maps (pub, at 1/. 45.), cloth, las,

CARY'S TESTIMONIES OF THE FATHERS OF THE FIRST FOUR CENTURIES
TO THE CONSTITUTION AND DOCTRINES OF THE CHURCH OF ENGLAND,
as sat forth in the XXX 1X Articles, &vo, (pub. at 12s.), cloth, 7s. 6d. Ovford, Tasboys.

€ This work muy he classed with tho ¢ of Pearson and Bishop Bull; and such a classifica-
tion is no mean honovr.” —Chw ek of Logiand Quurterly.

CHARNOCK'S DISCOURSES UPCHK THC EXISTENCE AND ATTRIBUTES OF
GOD. Cowplete mn 1 thick closely printed vol. #vo, with Portrait (pub. at 14s.), «loth, 6s. 6d.

4 PerspicQity and depth, metaphisical sublinutv and evanzellcal simpliclty, inmense learn.
Ing but irreragable reasomng, couspue to renda: this performance one of the most inestimable

!;mdu?uous hat ever did honour w the sunctificd yudgment and genius of a human being.'’—

optedy.

CHRISTIAN EVIDEMCES. Contuinit.g the fullowing esteemed Treatizee, with Pre-
“atory Memoirs by the Rev. J. S, M1 Ll viz —Whatxon's Apoloey for Christianity ;
Watson's Apology for the Bible; Paley’s iaidences ot Chaistianity ; Puley's Hore Pawinge ;
Jenyns' Internal Evidence of the Cinlstian Rolivion, Leshie’s Truth of Christianity Demon-
strated; Lealie’s Short and Easy Method with the Delsts; Leshie’s Short and kusy Method
with the Jews; Chandler's Pluin Reasons for bemea Christuan @ Lyttleton on the Conversion
of 8t. Paul; Camphell’s Dissertation on Miracies; Sherlock’s Trial ot the Witnesscs, with
Sequel; West on the Resurrection. In 1 vol. royal Bvo (pub. at 14s.), cloth, 108,

CHRISTIAN TREASURY. Consisting of the following T\positions and Treatises, Edited
by MEMTS, viz:—Magee’s Discourses and Disscrtations on tie Scriptural Doctrines of Atone-
ment and Saciifice; Witherspoon®s Practical Treatise on Regencration ; Boston’s Crook in the
Lot; Gulld’s Mo-es Unvelled; Guild’s Narmony ofall the Prophets; Less's Authenticny,
Uncorrupted Preaervation, and Credibility ot the New Testament® Stuart’s Letters cu the
Divinity of Christ. In 1 vol. royal 8vo (pub. at 12s.), cloth, 8.
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CRUDEN'S CONCORDANCE TO THE OLD AND NEW TESTAMENT, revised
and condensed by G. K. HANN A Y, thick 18mo, beautifully printed (pub. at Gl'f’ cloth, 3a. bd.
¢ An extremely pretiy and very cheap edition. It contulns all that is nselul in the original
work, omitting oniy prepositions, conjunctions, &e., which can never he made avallable toe
purposes of reference.  1ndeed-it is all that the Scripture student can desire.”' —Guardian.

[
EVELYN'S RATIONAL ACCOUNT OF THE TRUE RELIGION, now first pub-
lshed from the ouginal MS. in the Library at Wootton, edited, with Notes, by the Rev, R. M.
Evaxsox, B.A., 2 vols. post 8vo. (unitorm with hus Diary ), cloth, (pub. at 14, 1s.}, 72 Gda

FOX'S BOOK OF MARTYRS; the Acts and Monuments of the Church, edited by
1R, CUMMING, 3 vols. 1mp. §v0, with upwards of 1000 woud illustrativns, imperial 8vo, extra
cloth (pub. at 34 13a. 6d.), 2. 12s. Gd.

Fw (REV. ANDREW) COMPLETE WORKS ; with a Memoir of his Life, by his
B 1 large vol. impenal bvo, New Edition, Portrait (pub. at 14, 10s.), cloth, 1%s.

GFIAVESY-'DEAN) LECTURES ON THE PENTATEUCH. 8vo, New Edition (hub.
at 13+.), cluth, Ys. 1516
HALL'S (THE REV. ROBERT) COMPLETE VORKS, with a Memoir of his Life, hy
Dr. O1axTus GREGORY, and Observations on his Character as a Preacher. by Jony FosTrR,
Author of Essays on Popular Ignorauce, &c. ; 6 vols. 840, handsomely printed, win beautiful
Portrait (pub. at 3L 16s.), cloth, contents lettered, 1/ 11x. G,
The sane, printed in a smaller size, G vols. feap. 8vo, 14 1e., cloth lettered,
& Whoever wishes to see the English language mnits perfection must read the writlngs of that
great Divine, Robert Hall. He combines the beauties of JousNson, Avpison, and BURKE,

without their imperfections.”—lugald Mewart.
“I.l cannot do hetter than refer the academic reader to the immortal works of Rohert Ifall,

For moral grandeur, for Christian truth, and for sublimity, we may doubt whether they have
their mateh in the sacred oratory of any age or country.”—Professmr Sedunien.

so'Phe name of Robert Iall will be placed by posteinty among the best wiiters of the ace, as
well ns the most vigorous defenders of relysious sruth, und the brightest examples of Chiristiag
char by " =Ser J. Machuntorh.

HENRY'S (MATTHEW) COMMENTARY ON THE PSALMS. Complele in one
thick closely printed volume, post dvo. with 26 illustrations on woud, cloth, (unyorm with tne
Stwndurd Library), 4s. 6d. 1852

HILL'S (REV. ROWLAND) MEMOIRS, by his Friend, the Rev. W. Jones. Fdited,
with a ictace, by the Rev. Jamus Sud myMas (RowLaanb Iini's Saccessor as Minister of
Surrey Chapel). Second Edition, carcfully revised, thick poat 8vo, fine steel Portrait (pub.
at lug ), cloth, &s.

HOPKINS'S (BISHOP) WHOLE WORKS, with a Memoir of the Author, and a very
extensive general Index of Teats and Subyccts, 2 vols, royal svo (pub. at 14 4v.), cloth, 13,

#Bishop Hopking’s works form of themselves a sound body of divimty. He s clear, velie-
ment, aud persuasive.” - Lickersteth.

HORNE ON THE PSALMS, a Commentary on the Book of Psalms, in which their
literal sense aud metaphoieal application s pointed out. New and cicgaxt cdition, Lomplete
iu one volume, 8ve, cloth (pub, at £3.). 63. L.

HUNTINGDON'S (COUNTESS OF) LIFE AND TIMES. By a Member of the Touses
of Shiriey and Hastings. Sixth Thousand, with a copious Index. 2 large vols. 8vo, Portraits
of the Countess, Whitficld, and Wesley (pub. at 1/, la.), cloth, 1is.

LEIGHTON'S (ARCHBISHOP) WHOLE WORKS; to which is_preficed a Life of the
Autha, by the Rev. N. T, PeansoN. New Edition, 2 thick vols. 8vo, Poitrait (pub. at 14 ds,)
extra cloth, 16Gs. The ouly complete Edition.

LEIGHTON'S COMMENTARY ON PETER; with Lifc by PEARsoN, complete in 1
thitk hundsomely printed vol. 8vo, Portrait (pub.at 12s.), cloth, 9s,

LIVES OF THE ENGLISH SAINTS.. Ly t‘llc Rev. J. 1. NewnaN and cihers.
8 thick vols, 12mo, cloth, lettered, Jus. 6d.

M'CRIE'S LIFE OF JOHN KNOX, with ilinstrations of the History of the Reformation
in Scotland. New Edition with numerous Additions, und a Mewmoir, &c. by ANDREW CRICHTOX,
Fcap. 8vo (pub. at 5.), cloth, 3s. 6d. 1837

MAGEE'S (ARCHBISHOP) WORKS, comprising Discourses and Disscrtations on the
Scriptural Doctrines of Atonement and Sacrifice; Sermons, and Visitation Charges. With a
Memoir of his Lile, by the Rev. A. 1I, Kkaxiy, D.D, 2 vola. 8vo (pub. at 1L Gs.), cloth, 18s.

“ Discovers such decp research, ylelds ro much valuable information, and affords so many
helps to the refutation of error, as to he most valuabl of biblical learning
of which a Christian scholar can be possessed.®—Chiistian Observer.

MORE'S (HANNAH) LIFE. by the Rev. 1IENRY TuoMPSON, post 8vo, printeu aniformly
with her works, Portrait, aud Wood Engravings (pub. at 121.), extra cloth, Gs. Cadell, 1838

¢ This may be called the official edition of Hanuah More's Life. It brings so much new snd
public. Anioig the Toat, the partieiers o Was f Ber PUU.an8 Wil Vevard 1he FurIowy
of literary veaders b= udv-'pﬁnm v o
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MORE'S (HANNAH) WORKS, complete in 11 vols. fcap. 8vo, with portrait and \lr;;;‘
nctte titles, cloth, 14 18y, ud.

MORE'S (HANNAH) SPIRIT OF PRAYER, fcap. Svo, Portrait (pub. at 6s.), "L’}'ﬂ‘;’ ll:\-m

) AY ON THE CHARACTER AND PIACTICAL
“o\sl%ﬁIN((tlsA (E‘FNS%!‘I’AUE&sputh 8vo (pub. at 102 6d.), cloth, b=,

MORE'S (HANNAH) PRACTICAL PIETY; Or the Influence of the Religion of the
Heart on the Conduct of the Liie, 32no, Portrait, cloth, 2. 6d.
The only complete small edition. 1t was revised just before her death, and containa much
fmprovement, which is copyught.

MORE'S (HANNAH) SACRED DRAMAS chicfly intended for Young People, to wlig
is added *¢ Sensibibity,” an Eputle, 3imo (pub. at 2s. 6d.), gt cloth, gilt edges, 25
mns,

MORE'S (HANNAH) SEARCH AFTER HAPPINESS; with Balinds, Tale
aud Fpitaphs, $2o (pub, at 2. Gd.), gilt cloth, gilt edges, 1s. 6d.

MONTGOMLRY, MEMOIRS OF JAMES, THE POET, including Sclections from
his Correspondence, Remains wm prose and verse, and Com i on various xukt
Edited Ly Joun Nlortanp and Jiyns Evinrytr, 7 vols. post $vo, with a fine portrait and
llzo{uhploce to cach volume cugraved onsteel (in all 14 plates), cloth {pub, at 32, 134 Gd.),

'y
NEWTON'S (REV. JOHN) WORKS, with a Life of the Author, by the Rev. Rrcuarp
Crcir, and an ntroduction by the Rev. T. CuNMINGHRAN, M.A. imperial 8vo, with Portiaiz
(pub.at 1L, 5x.), 158,
PALEY'S WORKS, in1 vol. consisling of his Natural Theology, Moral and Political
PLilosophy, 1 idences of Christi mity, Horre Paulinge, Clergsman’s Companion in vising e
8ick, &¢. 8vo, hawisumcly prouted in double columus (pub. at 16a. g¢.), cloth, 3.

RIDDLE'S ECCLESIASTICAL CHRONOLOGY; or Annals of the Christinn Chyrch
from its Foundation to the Present e , contaimng & View of Gereral Church History (in-
cluding Controve:sies, Sects, and Parties, Ecclesiastical Writers, &c.) 8vo, cloth (pub. at
15.), reduced to 7a. 6d.

ROBINSON'S SCRIPTURE CHARACTERS; or, a Praclical Impravement of the
Priucipal Mistorics of the OId amd New ‘T'estament, 2 thick vols., 8vo, handsomely printed,
with Portrait and Life of the Author, cloth letiered, (pub, at 1. 1s.), 108, 6d.

SCOTT'S (REV. THOMAS) COMMENTARY ON THE BIBLE, with the Author's
lust Corrections and hnprovements, and 84 beautfdil Woodcut Illustratons and Maps. s vo's,
imperial 8vo (pub. at 4/. 4s.), cloth, 1. 16z, 1850

SIMEON'S WORKS, including his Skelctons of Sermous and Horee Xomilstice, or
Discourses digested iuto one continued Series, and foiming a Commentary upon every Book
of the Old and New Testaaent, to whick are anneaed an improved edition of Claude’s Essay
on the Composition of a Sermon, and very comprehcnsive 1ndexes, edited by Rev, THOMAS
HARTWELL HHORXE, 21 vals. 8vo (puh. at 104 10s.), cloth, 74 7s.

The Jollowing minialure edstions of Suncon’s populer works are uniformly prin «  in 32mo, and
bound wn cloth :

THE CHRISTIAN'S ARMOUR, 9d.
THE EXCELLENCY OF TIIE LITURGY, 9d. .
THE OFFICES OF THE JIOLY SPIRIT, 9d. 4
HUMILIATION OF THE SON UF GOD; TWELVE SERMONS, 5d.
APPEAL TO MEN OF WISDOM ANND CANDOUR, 9d.
DISCOURSES ON BEHALF OF THE JE WS, 12."6d.

¢ The works of Slmcon, ronlalnmf 2536 discourses on the principal passages of the Old and
New Testament will be lound peculizily ndn&n‘ld to anssist the studies of the a‘aunger clergy in
their preparation for the ﬂ“‘ pit; they will likewise serve as a Body of Divinity; and are by
many recommended as a Biblical Commentary, wel) adapted to be read in famflies.”—ZLowndes.

-
T P R auiad to fos Toe oF Fomiessfor Seons Shy Shrasoest e Fony 3 Ve b
(pwh. at 1. 11, 6d.), cloth, Us. 1862

SOUTHEY’S LETTERS, sclected and cdited hy his son-in-law Jonx Woon WARTEE,
+D., ¢ thick vols. post 8vo, cloth (pub, at 2/ 3s.), 188,
SOUTH'S (DR. ROBERT) SERMONS : “to which are annexed heads
. ?:mmlxz;(n Biographical Memoir, and General Index, l.:luh. m:{l olgli(ep'ub. at l?.fd?.l)e.

POTTISW E’ IST Y OF TH F L i
S IS! OOD. S H Ol.! °l , .E( cH_URCH ‘O’ lscd LA'N.D. Edited b’

'I'Axglzl'?,S..Il.E..R'E‘m.Y")n OOM.col:ETE WORKS, with an E= a“t’w‘n‘

Portralt (pub. at'st. 152.), cloth,
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( 0
'I'A_LI;“OIS;“SW‘J'?IA‘_C&& '&,Felgll:fgl'lk) NATURAL HISTORY OF ENTHUSIASM,

41t is refreshing to us to meet with & work hearing, as this fonably does, the
of hold, powerful, and original thought. Its most strikingly orizinal views, however, never
@  transeress the hounds of pure Protestant orthodoxy, or violate the spirit of truth and soher-
ness; and yet it discusses toples constituting the sery rod and hasis of those furious polemics
‘which have shuken rep dly the whole i and moral world.”—.{thenarnm.
TAYlL“or}_'s (ISAAC) FANATICISM. Third Edilion, carefully revised. Kcap. Svo
cloth, Gs.
“ Itisths reader’s fault if he does not rise from the perusal of such a volume as the prescnt
a wiser and a better man.— Eclectic Review.

Y;’S (ISAAC) SATURDAY EVENING, Scventh Edition. ¥cap. 8vo, cloth, 5s.

¢ Saturdny Evening,’ and * Natural History of Enthusiusm,’ arc 1o noble productions.”’—
womnd’s Alapazne.

TRLOIs (ISAAC) ELEMENTS OF THOUGHT, or concise Txplanations, alpha-
bl aily arranged, of the principal Terms employed ia the usual Brancaes of Intellectual
2hilozophy. Ninth Edition. 12mo, cloth, 4s.

IMPSON'S KEY TO THE BIBLE, contaming a Summary of Biblical Knowledge,
and a Dictionary of all the principal Words in the Old and New Testament, Hlustrated by three
maps, and 124 beautitul woodeuts, 8vo, cloth letiered, (pub. at tda.), 7s. g

TOMNILINE'S (BISHOP) ELEMENTS OF CHRISTIAN TrEOLOGY, Fourteenth
Etdlltiuln, with additional Notes and Summary, bySrLunrac. 2 vois. §vo, cloth, Jettered (pub.
at 14 1s.), 101, 6d.

TOMLINE'S (BISHOP) INTRODUCTION TO THE STUDY OF THE BIBLE,"
O ELFAENTS OF CIHIRISTI AN TILOLOGY. Contiimee Proofs of the Authentieity
and Inspiration of the Holv Scriptures; 4 Sqmnnary of the History of the Jews; an Acconut of
the Jewish Sects; and a briel Statement of the Contents of the severai Bovks of the Old and
?\;em ‘J‘ulnllncnu. Niuveteenth Edation, eicgantly printed on hine paper, 12mo (pub. at 55 6.),
cloth, 3« 0y

$\Well adapted as a manual for students in divimty, and mey be read with advantage by the
most eapenienced divine”  Marsh's Lectuves. K x

WHEELER'S (REV. N.) SERMONS; preached in the Parish Churches of Old and New

Shorcham, ( gn the vicinlty ol lh-lghlun'), Sussex, large type, Svo, cloth, (pub, at 1us, 6d.), 5s.

WILEERFGRCE'S PRACTICAL VIEW OF CHRISTIANITY, ‘With a comprehensive
- Memoir of the Author, by the Kev. T, I'R1cL, 18ma, printed i a2 lnge handsome ty pe (pub. at
6s.), gilt cloth, 2s. 6d, 1843

AForeign Languaaes and Literature.
* INCITVDING
CLASSICS AND TRANSLATIONS, CLASSICAL CRITICISM, DICTTONARIES
GRAMMARS, COLLEGE AND SCHOOL BOOKLS, ATLASES, Xc.

ATLASES.—A NEW GENERAL ATLAS, engraved Ly Sipwey HaLi, demy folio
£3 large Maps, with the Divisions and Ioundaries carefully colowed, and n complete Genera:
Index. New Edition, corrected to the present time, halt morocco, 24, 12v. 6d.

X { SCRIPTURAL ATLAS. with Ilistorical and
w"(':ﬂ%%ﬁﬁrﬁ Tclli#ls.?mgérkl ‘}&Dn" and improved Edition, 53 maps, coloured (pub. at
21, 4s.), half bound morocco, 14 1la. Gd. . 1812

WILKINSON'S GENERAL ATLAS. Newand impr!ymd Edltl(‘
inserted. Population according to the Iast Census, Parl Y C.y Linp
46 Maps, coloured (pub. at 17. 162.), half hound muroeco, 1/ 6x. 1812

g by JOr. JAMIESON, an cnlarged Fdition, con-
Alriixiv"cg)IE'EGS'OL’&\:I;%‘.%EJ‘LO]#‘%&K;}.? Thick 8vo, neatly bound (‘;xguh. &t 14s.) Oa.

184
I ANDER HOOGHT. Recoguovit J. 1. ALLe-
BIB"L“'#I,.H sg?alll?kAl'vgu%BmTl'g grﬁu\eld (pub.at 12, 38.), cluth, 10« ul_.b Loml. Dunca, 1858
BOURNE'S (VINCENT) POETICAL WORKS, Latm and Enuglish, 1&mo (pub. at
3s. Gd.), ¢} th, 25, 6d. 1838
————— the same, large paper, an elcgant volume, 12mo (pub. at 51.), cloth, 3«.6d. 1838
CICERO'S LIFE, FAMILIAR LETTERS, AND LETTERS TO ATTICUS,
by MIDDLRION, LMot aud JLEBKRDEN, complete in one thick vol. royal &y portralt,
(pub, 1t 1/, 4a.), cloth, 125, 1818
CORPUS POETARUM LATINORUM. Edidit G. S. WaLker. Complcte in 1 very
ok volo v nal Beo (pub. at 2/, 2+.), cloth, ks
o comnnrehenetvg volume contaius a tibrary of the poctical Latin classics, corrcctiy
qd fro u the ber™exts, viz;—

on, with all the Railwonds
t &c., i to.

€ auliag, Virgll, Lucan, Sulpicla, Calpurnius Sicunlus
Sl Ovild, Peic.us, Srafus, Ausonlas,
Progo1ting, Horace, Juvenal, Sillus Ialiecns, Claudian,

Kuczetiuae Phudrus, Martial, Valcrius Flaccus,
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DAMMII LEXICON GRACWM, HOMERICUM ET PINDARICUM. Curl Duncaw,
royal 4to, New Edition, printed on fine paper (pub. at 5L 5+.), cloth, 14 1a, 12
i An exccllent work, the merits of which have been universally acknowledged by literary
characters.”—Dr. Dibdin.
DEMOSTHENES, trunsiated by Lrranp, the two vols. 8vo, completein 1 vol. 12:1:00
bandsomely printed in double eolumns, in pearl type, portrait (pub. at 5s.), cloth, 3s.
DONNEGAN'S GREEK AND ENGLISH LEXICON, enlarged; with examples, literally
translated, selected from the classical authors. Fourth Edition, considerably enlarged, care-
fully revised, and materially improved throughout; thick 8vo (1752 pages) (pub. &t 2.. 2s.),

cloth, 1358,
GRAGLIA'S ITALIAN-ENGLISH AND ENGLISH-ITALIAN DICTIONARY, wiqy\
compendious Itahian and Supp y 1 Y of Naval Terms, 18ui0,y-un

(pub. at bu.), 4s. Gd.
HERMANN'S MANUAL OF THE POLITICAL ANTIQUITIES OF.“EECE.
Histori idered, d from the German, 8vo (pub. at 15s.), cloth, 10s. bd.
Orfurd, Tulboys, 1836
P—Thirlwall’s 1at. of Greece,

“ Hermann’s Manual of Greek A 18 most i
vol. 1, p. 443,

HERODOTUS, CAREY'S (REV. H) GREEK AND ENGLISH LEXICON TO
{-IE'R()DO'N);S. adapted to the 'l'cxt of Gaisfoia aud Baehr, and all other Editions, 8vo, cloth

pub. at 12a.), 82,

LEMPRIERE'S CLASSICAL DICTIONARY. Mininiure Edition, containing a full
Account of all the Proper names mentioned in Ancient Authiors, and much useful information
respecting the uses and babits ot the Greeks and R Necw and ) Ldiuon,
elegantly printed in pearl type, in 1 very thick vol. 18mo (pub. at 7x. 6d.), cloth, 4». 6d.

LIVil HISTORIA, EX RECENSIONE CRAKENBORCHII ET KREYSSIG;

Et Annotationes CrEVITRIL, SThotnn, Ruer e, et aliorum ; Animadversiones Nt Runiiz,
WACHSMUTIIL, of suas adduhit TRAVERS Twiss, J. C. B. Coll. Univ. Oxon. Sucius et Tutm.
Cum Indice amplissimo, 4 vols, Bvo (puh, at 1/. 18x.), cloth, 14 1s. Oriord. 1511

This & the best and most nseful edinton of Livy ever published in octavo, and it is preferred
in all our univeasitics and ciassical schools,

LIVY. Edited by Prexprvitrir, Livn Wistorire libri quinque priores, with English
Notes, by PRLADFVILLE. New Editon, 12mo, neatly hound i ruan, Se.

the same, Books 1 to ITI, seprrately, cloth, 3s. 6d.

the same, Books 1V and V, cloth, 3v. Gd.

NEWMA!'S PRACTICAL SYSTEM OF RHETORIC;; or, the Principles and Riles of
8tyle, vith Examples.  Sixth Edition, 12mo (pnb, at 5s. 6u.), cloth 3, Gi.

OXFORD CHRCNOLOGICAL TABLES OF UNIVERSAL HISTORY, from the
earliest Period to the present Time: in which all the great Livents, Civil, Reliyzious, Scienific,
and Literary, of the various Nations of the Worid are placed, afone iew, under the ete of the
Reader in a Series of parallel columns, so as 1o exlubit the state of the whole Cnialized Y or?
at any epoch, and at the same ture form o contimons cham ot ihstory, with Genentogical
Tabics of all the piincipal Dynasties.  Compicte in 3 Secuons; viz.—I. Ancient hustn,
TI. Middle Ages. 1J1. Modern llstory. With & most complete Index to the ontire worhe
follo (pub. at 14, 16s.), half- honnd moroceo, 17. 1x.

The abive §s also sold separately, as follows ;—
THE MIDDLE AGLS AND MODERN HISTORY, 2 parts in 1, folio (pub. at 14 2. €d.),

sewed, 158,
MODERN IISTORY, folin (pub. at 12s.), sewed, 8s.

by the L 0 3 c in 2 vols. 8vo. .
P"‘é'ﬂ:ﬁﬁoc.ﬂ:?. LIVES, by the LaNcuor~gs. Complete in 2 vols. 8vo. (pub. at 17 1s.),

RAMSHORN'S DICTIONARY OF LATIN SYNONYMES, for the Use of Schools and
Private Students, Translated and ediieu by DR. LiLnki. Postsvo, (pub. at 72.), cloth, 4x. od,
1841

SCHOMANN'S HIST S
translated from the Lutl?.R \\yllh?Eal'Il.l-f‘Eu IuA(l::s,ESMB(I;!I%.s“ lomF M..I;l:iﬁothe:l:.u %uNmIbA ﬁ?‘

A hook of the same achool and character as the works of HexREN, BOECKH, SCHLRGLL, &¢

ELLENDT'S GREE|
Gt 80, {put st 14 clobs o o, - CON TO SOPHOCLES, franslated 1y

STUART'S HEBREW CHRESTOMATHY, desizmed ns an Introduction to n
of llelncw Study. ‘lhitd Edition, 8vo, (pub. at l’ll.s. cloth, 9s. Oxfard, 1'ull'os::l:;?!:
h"ll'l:‘u' ;(:rginl':ﬁl‘l;::l ed:sl:line;l by ltlllerrlmrd nu‘thc;r 'lnl rnclilltau the l“lll{' of Iichrew, has
A 3 merica. It for ns a desirable adjunet 1
#ud is sulicient to complete the wystem »fjustruction in that llnculm? all Hebrew Grammar,

TAYLOR'S (ISAAC, OF ~a nevr "
yLon g(‘he Amwg (cg!‘lﬁcmﬂ?yE EDUCATION; = n:\‘ ,‘and enlarged cdition,

TROLLOPE'S (REV. WM.) ANALECTA THEOLOGICA., rive

CORUM ; a Critival, Phulological, and Excgetical Commente. - 2n %‘YENNO"IZS ’ﬁx&rﬁ!ml;
vk Toxt, compiird and dizested from the most 8%, "w7ed sources, Butish and
rd as to exhibit at one view the comparative weight of difierent opIvus
ery thick vols,, bvo, cloth lettered, (pub. st 1. 123.), 138,

on disputed texta,
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TACITUS, (the Latin Text), complete, from the Text of Rnf;rmn. with his ]-‘,.\'Rlnnatory
Notes In Epelish, edited, for the use of Schools and Colleges, by A. J. VaLry, M.A. 3 vols.
Post 8vo, (pub. at 14 41.), cloth, 10s. 6d. .

TERENTIUS, CUM NOTIS VARIORUM, CURA ZEUNII, cura Gires; acced. Index

@ copiosisshnus. Complete in 1 thick vol. 8vo, (pub. at 16s.), cloth, 8s. 1837

VIRGIL. EDWARDS'S SCHOOL EDITION. Virgilii £neis, cura EnwaRrDs. ct Questis
ones Virgilianas, or Notes and Questions, adapted to the middle Forma in Schools, 2 vols in 1,
12mo, bound in cloth (pub. et Gs. 6d.), 3s.

A u* Eijther the Text or Questions may be had separately (pub, at 3s. 6d.), 2s. 6d.

WILSON'S (JAMES PROFESSOR OF FRENCH IN ST. GREGORY'S COLLEGE)
RENCI-ENGLISH AND ENGLISH-FRENCI DICTIONARY, containing tull Ixola=
ons, Definitions, hglnunyma. ldioms, Proverbs, Terms of Art and Science, and Rulea of

jation in cach Ci fled from the 1 ies of the Acad y BowTFR,
tn, GARNER, LAvLAUX, DES Canercres and FAIN, Jouasox and WALELR.
sely printed vol. imperial 8vo, (pub. at 24, 2s.), cloth, 18s.

XENOPHONTIS OPERA, GR. ET LAT. SCHNEIDERI ET ZEUMII, Accedil Inder
. (PoxsoN and ELysLey’s Editlon), 10 vols. 12mo, handsomely printed 1n 2 large type, done
up in 5 vols. (pub. at 4/ 10s.), cloth, 18s. 1841
the kame, larze paper, 10 vols. crown £70, done up in 5 vols. cloth, 1/ 5s.
XENOPHON'S WHOLE WORKS, translated by 8rrrMAN and others. The only com-
plete Edition, 1 tuick vol. §vo, purtraut, (pub, at 13s,), cloth, 10s.

Pobels, dMorks of fFiction, Light Weading,

CRUIKSHANK ““AT HOME ;" a New Family Alhum of Fndlesz Entertainment, con-
sasting of a Serics of Tales and Sketehes by the most popular Authors, with uumerous clever and
humerons Ihstrations on Wood. RUIKSTANK and SEYMOUR. Alvo, CRUIKSITANK'S
ODDL VOLTNL, OR BOOK OF RIETY., Ilustrated by Two Odd Feows SLINMOUR
and Cruiksatask. Together 1 vols, i 2, feap. svo, (pub. at 27, 18, ), « ‘oth, gilt, 10v. ud. 1815

HOWITT'S (WILLIAM) GERMAN EXPERIENCES. Addressed 1o the English, hoth

«®  Goers Ahroad and btayers ot laome. 1 vol. feap. svo, (pub. at Gs.), cloth, 3s. bd. 1544

MARRYAT'S (CAPT.) POOR JACK. lllustrated hy 46 large and exquisitely beantiful
Enmavines on Wood, afrer the mas.eriy Designs ot CLART 0N STANFIELD, R.A. 1 hand-
suome vol. royal 8vo, (pub. at 14s.), glt cloth, 9s.

MARRYAT'S PIRATE AND THE THREE CUTTERS. 8vo, with 20 most splendid
Mue Engravings, after $TAM, JLLD, engraved on Stecl by Cuanuse HMuariu (orginally pub.

3 43.), gt cloth, 10, Gd.

MARRYAT'S (CAPT.) PRIVATEER'S MAN Of ONE HUNDKED YEARS AGO.
new cditlon, fluctrered vith 8 hughly timished line Engravings en steel, in the mamwner of
Stothard, lcap. ¥vo. gilt cloth, 5s. .

MAPRRYAT'S (CAPT.) MASTERMAN READY, or the Wreek of the Pacific (written
1o Young People )o New Gladony vomplete ml vl feap. 8vo. with 92 beantiful  engras Ings
o woad, cloth extra, gilt, 6. 1806

MANRYAT'S MISSION, or SCENES IN AFRICA. (Written far Young People).
Zeew edition, feap. dvo, with 8 [llustrations on wood by GiLLERF & DALZILL, cioth, cx. gult, 3a,

NARRYAT'S SETTLERS IN CANADA (Wntten for Young People).  New edition,
ieap, 8vo., with 10 I'lustiasions on woed by GiLperT and DALZ1LL, cloth, extra gilt, fin.

MAYHEW'S IMAGE OF HIS FATHER; or, One Boy is More Trouble than a Tozen
Girlg; a'F'ale, with i2 capital Engravings by Puiz. New i;duinu, in 1 vul, pust Svo, cloth gilt,
(pub. at 7s.), reduced to 3s. ud,

MILLER'S GODFREY MALVERN, OR THE LIFE OF AN AUTHOR. By the
Autnor of ** Gideon Giles,”” ** Royston Gower,”” ** Day 1 the Woods,” &€ Lc. 2 vols. in 3,
svo, with 21 clever 1lustrations by Piniz (pub. at Liv. ), cloth, bs. Gd. 18

4 This work has a tone and an indlviduality which distinguishes It from all others, and cannof
be read without pleasure.  Mr. Miller has the lorms and colours of rustie lite more completely
under his control than any of his predecessors.” — dthenaen,

MITFORD’S (MISS) OUR_VILLAGE ; complete in 2 vols. post 8vo, a Scrics of Rural
Talcs and Sketches, New Edition, beautiful Woodeuts, gilt cloth, 10s.

» SKETCHES FROM FLEMISH LIFE. .B! Henprin CoNsciexce. Scuare 12mo, 180
\m;ud Engraiings {pt b. at 6s ), cloth, 4. 6d.
[ J
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Pubenile and Elementarp Wooks, Grpmnastics, K.

. Tlustrated by Figures sclevted from the works of tye
A%ﬁ*&:n?fqﬂgﬁ?nﬁr?\nﬁbzsu phiited nnxnv’mxl":ner BrnciieM, REMARANDT, Cvye,
PavL POTTER, &c. and with Initial letters by Mn. Siraw, cloth, gilt edges (pub, at 4a. w.:é;:

the same, the Plates colourcd, gilt cloth, gilt edges (pub. at 7. Gd.), s
CRABB'S (REV. G ) NEW PANTHEON, or Mvihology of all Nutions; cspeeirl'y for

the Use of Schools and Young Persons; with Questlons for Faannation on'the Plan of

PINNOCX. 18mo, with 30 pleasing Lithographs (pub. at is.), cloth, 2« 1837
NATURALIST. or Country Walks in Spring, Summer,/ itumn,

DR&&E\%’%&P\;EE& lEﬂmo. with 80 beautifully oxec:tyad Wondeu\;](puh.'m 7. G clulh,xpal‘lg
ed, . 5

ES OF CHIVALRY; or, Evenings with the Chroniclars; equare 14s:0.
lv?ﬁNwi.osdeE%lath lettered, (pub. at an 6d.), 3. ¢d. ® q 0 .

EVANS'S TRUE TALES OF THE OLLCEN TIME, sclccied from Frorssagrr, 7

Edinon, handsoma'y printed, 16 fine woodeuts, squaic 1mo, giit eloth, (pub. at ds. Gl.), s td
GAMMER GRETHEL'S FAIRY TALES AND POPULAR STORIES, translated from

the German of Griva (containing 12 Fans "lales), poust bvo, numerous Veoodeuts by Gi1 ol L
CRUIASHANK (pub. at 7a. G ), cloth i, Ja.

GOOD-NATURED BEAR. A Story for Children of 411 Azes, by R. II. TloarNE. Square
1a5v

8vo, Plates (pul. at is ), vloth, s, or with the Plates colowmed, ds.

GRMWIM'S TALES FROM EASTERN LANDS. Squarc 12mo, Plaies (puh. at &s),

cloth, 3a. Gd., or Plates colourcr, Lx. Gd. 1837
ITTS (MARY) CHILD'S PICTURE AND VERSE BOOK, commo alled
* Otto Sneckter's Fable Book ;** tranalated into Los igh Vor e ni'h ¥Fronich ana Gen Verses
oppotite, torming a Trifitt, square 1zine, with 100 jarge Wood avravings (pub. at va, ca.),
cxtra Turkey cloih, gut o 228, ox. 1815
This iz one of the most clczant juvenile Yooks ever produced, and has the novelty of being in

three languages. -
ILLUSTRATED DITTIES OF THE OLDEN TIME; » Series of 29 eaquisitely grace-

ful Designs, illustrative of popular Nursery Rhymes, swali 4to, elerant]y hound 1n clotl, 5s.

LAMB'S TALES FROM SHAKSPEARE, desined principully for the usc of Young Per-

sons (written by M1ss aund CranLES Ladrs), bSiath Edition, embellished with 20 arge and beau-

til.muvoodcul Engravings, from Designs by IIARVEY, feap. 8vo., (pub. at 7+ 6d.j, cloth girt,

L gl’w'?;g ;I:Elﬁel'l':sn A‘N?? 'I;RI'AP‘}.S (l)F El\R)LYIl'LIIilE.E d.IA Seri;‘s of Tules addressed {o
. . E. L. (M1:8 LAXDON). cap. Bvi i

Yortrait engraved gn Steel (pub. at Sag, gm' cloth, 3'." ' ton feap. 6vo, witl & Leautiful

LOUDON'S (MRS.) ENTERTA!NING NATUNALIST ; bcmf popular Descriptions,
Talex and Anecdotes of more than 560 Annvals, comprehending all the Quadrapeds. Birds,
Fishes, Neptiles, Insects, &e., of which n krnowladgze s mdispensable in Polite Educnlim-.'
Tiustiated by upwards of 500 beautinl Woodeuts, by BLwich, Hapvey, Wiiures, and
others, post 8vo, gilt cloth, Ga,

MARTIN AND WESTALL'S PICTORIAL HISTORY OF THE BIBLE ; tholciter-

press by the T 1. HoLART CAUNTFK, 8v0, it eafrancly beantiful Wood JKneravhy s by the
irst Artists (including reduced copies of M Ar1YN’s celebrated Pictures, Belshazzar's Feost,
‘The Deiuge, Full ot Nineveh, %c.), cluth giit, gilt edges, reduced 1o 2. *

A most elegant present to young people,
MARRYAT'S MANTI RVMAN REALY, PRIVATL!
see previouns pog-
MERRY TALES FOR LITTLE FOLK ; blustratcd wath upwards of Two 1Tundred ond
Fitty Wood Engrinings, new and nupioven edition, eloaantiy prinicd. eatra eloth gilty ds. .
#*% Th is bighly pupular volume coutaing 3¢ dibiercr L dtories of the vaden thae,
PERCY TALES OF THE KINGS CF ENCLAND; §
Wary, and Victories umulerni/.lud fron 11 li'l (R Jiti )
2mo, arley cize.)  Foudth Editon, cousicerably fproved, completed
sseat time, Cbellished with 16 excecdingly beaaufal W : Sh (PUb. 2
AR ed'.:("u. oul I cdingly boaaufal Wood Lngravangs (pun. atde.)
Ths keautiful volume hias enjoyed a Jarke shure o® success, and deseryedly.
ROBIN HOOD AND IHiS MERRY FORESTERS. By S1:pin Percy. Squavh i%mo,
8 Ilustratious by GiusLwr (puh. at Jxj, cloth, ss. 6., or vuh evloared Plates, s, 2008
., SHERWOOD'S (MRS.) ROBEFT_AMND FREDERICK; a Tw'2 sor Yonth, feun. o,
"+ with 20 hizhly finished woud iingravings, clotk, gilt edses, (pub. at 93, 6. ), reduse 1 o 4v. Gd.

i AL, MISSION, and SETTLERS..

ies of Camps sand Tattle-ficlds,

11, ard the other Clie ers
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REYNARD THE FOX, TIIE MOST' DELECTABLE HISTORY OF. Squnare 12mo,
with 21 Etehings by EVERDINGEN, extra gilt cloth, (pub. at 6s.), 4s,; or, with the plates co-
loured, extra cloth, gilt edges, ()luil. at 8s.), Gs.

SPENSER'S FA)ERIE QUEEN (TALES FHOM), Square 16mo, plates, exira cloih,

(pub, at 3e, td.), 23. Gd.; or, culoured plates, extra cloth, gilt edgey, (pub.at 4a. 6d.), 3s. (4.

ESTRICKLAMD'S (MISS JANE) EDWARD EVELYN. A Tale of the Rebellion of 17435
to which ia added, * The Yecasant’s Tale,” hy JXFFERYS TAYLOR, fcap. 8vo, 2 fiue Plates
(pub. at i), cloth gilt, 2s. 6d. 49

Tar

£S OF THE GEMII; or the delightful Lessons of Horam, the Son of Asmar, hy
CuarLes Monwrtl, New Edition, colated and o dited hf' Philojuvenis, post xvo, with
prous wood and s steel eng in the manner of Stothard, cloth extra yusé ready, 5s.

'S BEAUTIES OF ENGLISH POETRY, sclected for the use of Yonth, and

duesiymed o inculeate the Practice of Virtue. Twentieth Edition, with considerable addirions,

:«:‘\nl ln;lm.(nvl«.-ry olegantly printed, with a beautiful Fronispiece after HARVEY, elcgaat, gilt
zes, 35, Ld.

SKETCHES FRONM FLEMISH LIFE, by llENDpaick Coxscieack, syuare 1lmo,
phatey, doth, gill eages (pub. at bs.), 3s. bd.

fHusic and fMusical Tocks.

FHE MUSICAL LIBRARY. A Sclection of the best Voral and Tustrumental Music,
both Enchish and Foreign.  Edited by W. AvR10N, Exg, of the Opera House. & vols. folio,
comprehien g nore than 400 peces of Music, beautitully priated with metallic types (pub,
at 4t 48.), sewed, 12 1 od.

The Voval and Instramental may be had separately, cach in 4 vols, 16s,

MUSICAL CABINET AND HARMONIST. A Collccunn of Classical and Popular
- Vocal and Instrumental Music ; comhrisiug Selections from tue best productions of all the
Great Mastera; Knghish, deoteh, and Lhiisn Melodies , with many of the National Airs of other
Countries, embiceing Overtines, Marches, Rondos, Quadrilles, Waltzes, and Gallopades ;
also Madrigal:, Duets, and Glees ; the whole adapted either for the Vouwee, the Pino-forte, the
Harp or the Organ; with Picces occasionally for 'he Flute and Gutar, under the superinten-
dence of au cuminent 1ofessor. 4 vols. small fulio, comprehending more than 300 picces of

Mausic, be.stitully printed with metallic types (pub. at 24, 2s.), sewed, 16z,
The contents of the work are quite different from the Musical Library, and the intrinsic merit

of tLe scleciton is equal.

MUSICAL GEM ; a Collcetion of 300 Modern Songs, Dncts, Glees, &c. by the most
celehrated Cum)’murl of the present day, ndapted tor the Voice, Flute, or Vlzlln (editad
by JouN PARkl). 3vols in 1, 8vo, with a heautliullv engraved Title, and a very richly illu-
nitnated Frontispiece (pub. at 14 1s.), cloth gilt, 108, od. 1841
‘The above capital collection containk a great number of the hest copyright pieces, including
some of the nost popular songs of Bruham, Bishop, &c. It forms & most attractive volume.

$¥edicine, Surgerp, Anatomy, @’zmisttg,
Pbnsiologp, &t.

BATEMAN AND WILLAN'S DELINEATIONS OF CUTANEOUS DISEASES,
4to. ing 72 Plates, ully and very accurately eoloured under the xuperintendence
P i Gentl (DR. CABSWCILL ), (pub. at 122, 13s.), half bound x;x:‘:a

of an
51 58,

“Dr, Bateman’s valuable work has done more to «xtend the knowledge of
thau any other that has ever appeared.”—Dr. 4. T, 2" ampson.

BEHR'S HAND-BOOK OF ANATOMY, by Brrrz1 v (Demonstrator at Guy’s Hospital),
thick 12mo, closely printed, cloth lettered (pub. at 10s. 6-%.), 3s. 6d. 1842

BOSTOCK'S (DR.) SYSTEM OF PHYSIOLOGY, comprising a Complete View of
the present state of the Sclence. Fourth Edition, revised wnd corrected throughout, 8vo, (900
pages), (pub. at 12), «loth, 82, 1834

BURN'S PRINCIPLES OF MIDWIFERY. Tenth and “est Edition, thick 8vo, cloth
lettered, (pub. ut 16s.), &v.




32 CATALOGUE OF NEW BOOKS,

CELSUS DE MEDICINA Fdited by E. Mu,mmx«, \I D cam Indice copiosissimo ex
Tuick 8vo, Frontispicce, (pab. at 16a.), cloth 1851
Tlll h l.ho very hest edition of Celsus. It contains rnl.cll nnd medical notes, applicahle to
the practice of this country ; a parallel Talle of ancient an ! modern Medical ters, synons s,
welzhts, m‘ela‘lureq. &e. and. !udn--.r.l.lcver) thing which can be usciul to the Medical bl.udcn{,
i

ELLIOTSON'S gon) HUMAN PHYSIOLOGY, 1llw-rmd with numerous woodcute,
finth edition, thick 8vo. cloth, (puli. at 24 2s.), 10s.

CTU ~ TIVE .ANATOMY, PHYSIOLOGY,

LAE'OR()ELP(‘)%E sAll\I-lE) Tll¥‘RNA"ip:‘ALcl?Y'4'1F;)AIG.HYA0PV AN. New Edition, post 8v0, win a

Frouusplece of Portraits, cugra red on Steel, and 12 Plates, cloth, 5+

LAWRENCE (W,) ON THE DISEASES OF THE EYE. Third Edition, rovisgdynd
nlarged. 8vo, (820 closely printed pages), (pub. at 14 4s.), cloth, 10 od. Ni

LEY'S (DR) ESSAY ON THE CROUP. 8vo, & Plates (pub. ot 162.), cloth. 3. 'hia!:

"":‘." LdONDON SURGICAL POCKET BOOK. Thick royal 18mo. (pub. 4125, h.ul

hound, 5s.

PARIS’ 1%Dl-'l ) TREATISE ON DIE‘I‘ AND THE DIGESTIVE FUNCTIO'L.
Tifth Edition (pub. at J21.), cloth, 54

PLUMBE'S PRACTICAL TREATISE ON THE DISEASES OF THE SKIN,
Fourth Edition, Plates, thick 8vo (pub. at 1. 13 ), cluth, Gs. bd.

SINCLAIR'S (SIR JOHN) CODE OF HEALTH AND LONGEVITY. Sixth I‘m‘vnu
complicte in 1 thick vol. 8vo, Portrait (puh at 14.), cloth, 7s. Rid

SOUTH'S DESCRIPTION O} ""MF _.C..ES; togcther with {hewr several Comlcxiuna
with each other, aud with the s oy apecially lda]nul for Smd(.nts in Anatomy, nuwerouns

‘Wopdcuts, third edition, 12mo, cloth lettered (pub. at 72.), 3=, 1837

STEPHENSON'S MEDICAL ZOOLO"V AND MINERALOG‘I including also an

mu'.""ﬁ of the Animal and Mineral 2 45 culoured Plates, myal 8vo, (pub. at 2/, 2-.).
3

WOODVILLE'S MEDICAL BOANY. Third Edition, enlarged by Sir W, JAcxsnn
HookER. 5 vols. 4to, with 310 Flates, cngraved by SowRkBY, most carctuliy coloured (pub,
2t 104, 10s.), hall-bound nmmcm, 54, 5e. 'J he Falth, 61 Mxpplen.em ry Yolume, entirely by S1R
‘W.J. HOOKER, to plete the old i 4to, 3 d Plates (pub. at 24 i2s. ﬁd.).
Inuldl, 1. 118, Gde 183

JWathematics.

BRADLEYS GEOMETRY, PERSPECTIVE, AND PROJECTION, for the lll';llf

Arlists, 8 Platos and numcrous Woudcuts (pub. at 7s.), cloth, 5z

EUCLID'S SIX ELEMENTARY BOOKS, by Dr. LARDNER, with an_Ex lglmmh»ry
:.'tm'menmry, Geometrical Exozcises, and a l.ru c on Solid Geowetry. 8vo, Niuth Edition,
, O
JAMIESON'S MEOH NICS FOR Plﬁ%‘l‘lcu MEN ; including Treatiscs on the
Composition and Resolution of Forces; fl entre of Gnml) ; and the ‘Merhanical Powers;
:llhl‘;lr;:au:y Exumples aud Desigus. Fourth Edition, greatly iniproved, svo, (pub. at uu ).
104 s .
A great mechanical treasure.”—17ir. Birdbeck.

BOOKS PRIN J.‘T D UNIFORM WITII THE STANDARD LIBRARY.
CHILLINGWORTH'S OA‘ELIGION OF PROTESTANTS. &00 pp. 3s. 64
ARY'S TI"ANSLA'! 'N OF DANTE. (Upwards of GO0 pages), cxtra blue cloth,

with a vichly giit bue , 75, G

LAMARTINE'S THREE MONTHS IN POWER; a Mistery of his Political Cnru:r.

Post 8vo, sewed, 25

LISE" g
MAnc‘ nﬁﬂ?ﬁ?ﬂﬁ.ﬁﬁ“ﬂﬁ Sls)l'r‘fgla?&'vﬁ demonstrating the Archetype Skeleton

t
STANDARD LISSARY, CYCLOPADIA, OF FOLITICAL, CONSTITUTIONAL,
The Compiler, Mi, Groree LONG, is one of llu. must conmelam Scholars of the day.

MICHELET'S HISTORY OF THE FXENCH REVOLUTION, trauslated by C. Cocxs,

3 vols.

S'I'ARLING'S (MISS) NOBLE DEEDS OF WOMAN, or Examples of Fomnle C
Tt hl;.d.:..vln:él‘ xm.u:. th.hla. Ediuon, enlurged and lnq;toved. lt{ two nr:llla’u:ur&umn'

FPRINTED BY HARBMON AND SONS, 8T, MARTIN'S LANE,
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