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PRE }' ACE •

•

THE rapid progress of the science of B8tronomy, for the lutel

few years, has again rendered it necessary to revise the Geo­
graphy of the I-leavfflS-a work, the popularity of which is suffi­
ciently proved by a sale of 300,000 copies. The editor has,
therefore, availed himself of the occasion to make such improve­
ments, both in the book and map~, as seemed to be demanded by
the progress of the science, and the most approved methods of
instruction. Among these improvements we may mention the
following :-

1. The matter of the book has been thoroughly assorted j the
most important paragraphs being printed in large type, and
numbered, as in most modern text-books j while that which
seemed in the main explanatory of the more important portions,
is left in small print. By this means an agreeable variety is
afforded to the eye, while the book is made to contain far more
matter, and is, consequeutly, far more complete, than it co1111)
otherwise have been.

2. A new set of Questions has been prepared .thronghout.
These are brief, topical aud suggestive j and numbered to
answer to the para~raphs to which they relate.

3. A complete list of Telescopic Objects in each constellation
has been inserted j giving the Right Ascension and Declinatioll
of each oqject j with a brief description of it ; and easy lano­
marks and directions by which it may be found; and references
to telescopic views of the same ill the new maps. The color and
relative magnitude of the components of the double stars, are
also given. These TeleRcopic Objects, compiled with great labor
from Smyt"lb Cyde of Celestial 01 juts, will he found esreciall~
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Ydluable to all institutions having an equatorial te!es':i;pe
Indeed, they greatly enhance the value of the work for III
daslles of students.

4. Several small constellations that were delineated on thp
maps, but were not described in former editions of the book,
have been described, and their history given in the presen.
edition.

5. The page of the book has been greatly enlarged, for th(
double purpose of printing more matter and in larger type:
and to afford scope for wood-cut illustrations. Of these, great
numbers have been introduced into the second part of the work,
adapting it, in thill respect also, to the wants of both teacher
and student.

6. Still further to illustrate the second part of the work, th(
first map of the atlas has been re-drawn and re-eOigraved, so as
to illustrate 1/WTe and bdttr than tbe old map.

7. Two entirely 'IIeW maps have been introduced into the Atlas,
containing views of eighty different celestial objects i such 11.8

Double Stars, Clusters, Nebnllll, Comets, &c. These are
all referred to in the book, and in turn refer from the objects
back to the page of the book where they are described. 'fhese
maps aBd the corresponding descriptions in the book will be
found not only extremely interesting, but of incalculable value
to the student.

8. A cha}>ter on the history, structure and use of Telescopes,
Transit Instruments, &c., has been introduced-a subject which
every student of astronomy should understand, but one to whicb
riO nttention W8S given in the previous editions.

Such are sop1~ of the principal new features of the present
ooit:on-lorger type, new questions, telescopic objects, new maps,
IJCW mlltter, and Ililmerous illustrations, making it the most per­
I£;ct 8ud complete text-book of astronomy ever olTered to the
American public.

H. MA'M'ISON
TV'1O York. ,T.dy lllGil.
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INTRODUCTION

•

1. A.STRONOMY is the science of the heavenly bodies-the Sun,
Yoon, Planets, Comets, and Fixed Stars.

2. In entering upon this stndy, the phenomena of the hea­
vens, as they appear on a clear evening, are the first objects that
demand our attention. Onr first step is to learn the names and
positionll of the heavenly bodies, so that we can identify, and
distinguish them from each other.

ID thl. maDDer the, were oboerved and .tu.dled ...... before book. "ere written, and It
"W'JI,g only after many careful and repeated Obllery.tioD8, t.hat system. a4d theories ot
AlItroDom, were formed. To the visible heaveDs, theD, the atteDtloD of the pupil should
be fint directed, for It I. only wben he aball have become, In lome mealnre, familiar
with them, that he will be able to locaU hla AlItroDomical knowledge, or full, oom~
hend th. tenDI of the ICleDce.

3. For the sake of convenient reference, tht heavens were
early divided into constellations, and particular llames assigned
to the constellations and to the stars which they contain. A.

constellation may be defined to be a cluster or gronp of starl!
embraced in the outline of some figure. Thest figures are, in
many cases, creations of the imagination; but in others, the
stars are in reality so arranged as to form fignres which have
some resemblance to the objects whose names bave been assigned
to them.

The.e dlvl.lons of the cele.tial .phere bear a .trIlrlng aDalol1 to th. civil dlvl.loD. ot
the globe. The con.tellatioD. aD.wer to state. aDd k1ngdoll1ll, the moot brilliant c!l..­
len to towns aDd cities. aDd the number of .tan In e"ch, to their respective population.
The pupil CBD trace the boundarlel of any constellatlo:c, aDd name all It. Itatl, one b1
oue, &8 readily 81 he can trace the boundaries of a state, or name the towns and cltlel
from a map of New England. In thi••en.e, tllere mal be trul,. said to be a Geograph,
Q( the Hea.yeD8.

4. The stars are considered as forming, with reference to

1. What Is AstroDoml? 2. Whal llrat studied? Fir.t .lep' 8. How are th~
beanns divided, and whl? What Is a constenatioD r What of these ligures? In what
.ense rna, there reaU,. be n .. Gqraphv 01 thiJ """".... ,,, 4. How are the otar.
da.sllled, relpectl lhelr magnllndo.d. What expelilent forueeljrnaUDJ tIleirpiAollI
10 tbe hra '
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their magnitudes, sixteen classes i the brightest being'"caller]
stars of the first magnitude, the next brightest, stars of the
second m8~nitude, and so 011 to the sixth class, which consists
of the smallest stars visible to the naked eye. The next ten
classes are seen only through telescopes.

In order to be able to designate with precision· their situa·
tions, imaginary circles have been coIlBidered as drawn in tIlt'
heavens, most of which correspond to, and are in the same plall"
with, similar circles, supposed for similar purposes, to be draw:1
on the surface of the Earth.

5. In order to facilitate the study of Astronomy, artificia.I
representations of the heavens, similar to those of the surface of
the Earth, have been made. Thus, a Celestial Atlas, composed
uf several maps, accompanies this work. Before, however, pr()o
ceeding to explain its use, it is necessary to make the pupil
acquainted with ~he imaginary circles alluded to, called thl.' Cir­
rlu of tlu Splwre.

CIRCLES OF THE SPHERE.

6. The AxU of tlu Earth is an imaginary line, passing through
its centre, north and south, about which its diurnal revolution is
performed.

The Potu of tlu Earth are the extremities of its axis.
The Axis of tire HeavtTlS is the axis of. the Earth produced

both ways to the concave surface of the heavens.
The Potu of tire Heavens are the extremities of their axib.
The Equator of tlu Earth is an imaginary great circle PSSIl­

ing rounu the Earth, east and west, everywhere equally distant
from the poles, and dividing it into northern and southern hemi­
topheres.

The Equator of tire Hea'otTlS, or Equi'TWctial, is the great circle
formed on the concave surface of the heavens, by producing the
plane of the Earth's equator.

A plane rl lbat which hu Bnrlace hnl nollblctneu. The plane of a otrcJela &b&l bn&.
II!DarJ ...perkt.. whlcb Ia bounded b, lb. circle.

7. The Rational Horizrm is an imaginary great circle, whos('
plane, passing through the centra of the Earth, divides the hea­
vens into two hemispheres, of which the upper one is called the

6. Whsl help. to facllltal<l the Itud, of the heavenl? Circle.? C.:led what'
6. Axis of the Eartll" Pole-, , As.ia or the heaveD.' POIt:8 of tile heaveos' Equator
of \he lI:arlh r l!lquator of tbe heaven., or Equ uoctlal r T. RAliollRl borla.>n r S<'O";
bl" or a.ppsnut ~

.-i
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VISible hemilsphere, and the lower one, the invisible hemisphl'ro_
Ii; is the plane of this circle which determines the rising and 8(·t·
ting of the heavenly bodies.

The St:nsibk or Apparent HorizO'B, is the circle which termi
nates our view, where the Earth and sky appear to meet.

To a perlon ltanding on a plain, thlo circle II bnt a 'ew miles In diameter. If lbe e)'\1
be elevated tin reet, lbe radius or the senllble horloon wm be Ie.. than two mllel anu
lhree quarterl; It lbe eye be elented six reet, It will be Jusllbree mII.l. Th. observe,
being alwaYI In Ihe cenlre or Ihe lenslble horboD, It will move u he move&, and ell large
or contract, &I hII Italian Is elevated or depresled.

8, The Pola of tlte HorizO'B are two points, of whiQh the one is
directly overhead, and is called the Zenith; the other is directly
IIDderfoot,-and is called the Nadir.

Vertical Cirdu are circles drawn throngh the Zenith and
Nadir pf any place, cntting the horizon at right angles.

The Prime Vertical is that which passes throngh the east and
west points of the horizon.

9. The Ediptu is the plane of the Earth's orbit; or the great
circle which the Sun appears to describe llnnually among the
stars. It crosses the Equinoctial, a little obliquely, in two oppo­
site points, which are called the Equi'fUIXu. 'l'he Sun rises in
!'ne of these points on the 21st of March; this point is called
the Vernal Equinox. It sets in the opposite point on the 23d
of September; this point is called the Autumnal Equinox. One
half of the Ecliptic lies on the north side of the Equinoctial, the
other half on the south side, making an angle with it of 23io

•

This angle is called the obliquity of tJte Bdiptu. The axis of
the Ecliptic makes the same angle with the axil' of the heavens; ~

80 that the poles of each are 23t° apart.
'I'hll angle II perpetually decreasing. At the commencement of Ihe Christian era, It

was ahout 28' 4lj-. AI lhe beginning of 1886, II wal oniy 28' 27" 88', showing an annual
diminution of about half a second, or 46-.70 in a hundred yeara. A tiIue will arrive,
however, when this angle, having reached ita minimum, wtl1 again Incr~88e in the lame
ratio that it had before diminiahed, and thus it will continue to oscillate at long periods,
between certain limits, which are asid to be comprised within the space of 20' 42'.

10. The Ecliptic, like every other circle, contains 360°, and It
is divided into 12 eqnal arcs of 30° each, called signs, which the
ancients distinguished by particular names. This division com­
mences at the vernal equinox, and is continued eaRtwardly round
to the same point again in the following order: Aries, Taurus,
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittn.rius, Capri-

8. Polel of the horizon? Vertfcal circle.? Prime Vertical? 9. Ecliptic? Equl.
Doxe81 How ill the Ec1iptic.~ situated with respect"to the Equinoctial., Obliquity 01
&C!~ptic" Is this Bngle permanent! to. How is tho Ecliptic divided? Where com·
Ult"llcel1, and bow reckoned" Name Bigs J In order' Ho·w deJeB the Sun proceed tlt·· .",gb
til. sigos P
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CO"'nUl, Aquarius, Pisce,. The Sun, commencing at the fir~t

degree of Aries, about the 21st of March, passes, at a mean
rate, through one sign every month.

ll. The Zodiacis a zone or girdle, about 16 degrees in breadth,
extending quite round the heavens, and inclnding all the heavenly
bodies within 80 on each side of the ecliptic. It includes, also,
the orbits of all the planets, except some of the asteroids, since
they are never seen beyond !:l0 either north or south of the ecliptic.

12. Parallel, of Latitu.de are small circles imagined to be
drawn on the Earth's surface, north and south of the equator,
and parallel to it.

Parallel, of Dedination are small circles, imagined to be drawn
on the concave surface of the heavens, north and south of the
equinoctial, and parallel to it j or they may be considered as
circles formed by producing the parallels of latitude to the
heavens.

13. The Tropic of Cancer is a small circle, which lies 23*0
north of the Equinoctial, and parallel to it. The Tropic of
Caplicorn is a small circle, which lies 23*0 south of the Equi.
noctial, and parallel to it. On the celutial sphere, these tW{\
circles mark the limits of the Sun's farthest declination, north
lind sonth. On the ttrrutrial sphere, they rlivide the torrid from
the two temperate zones. That point in the ecliptic which
touches the tropic of Cancer, is called the SU'mmer Soz,tia; and
that point in the ecliptic which touches the tropic of Capricorn,
is called the Winter Soz,tu-.t.

The distance or theBe Iwo polnlS rrom Ihe equinoctial, Is always equal to the obllqullJ
of the ecliptic, which, in round numbers, is 28c-; but. &s we have seen. the obHquity of'
the ecliptic {I continually changing; therefore the position of the tropics must make a
correspondent chfDge.

14. The Colure, are two great circles which pass through the
poles of the heavens, dividing the ecliptic into four equal parts,
and mark the seasons of the year. One of them passes through
the equinoxes at Aries and Libra, and is thence called the Equi­
noctial Cohm; the other passes through the solstitial points r>r
the points of the Sun's greatest declination north and south, and
is thence called the Solstitial Coll£re.

Tbe Sun I. In the equinoctial polnllthe 21st or March and the 28d or September. Be
Jj 10 lhe solstitial points lhe 22d of June and tbe 22d of December.

15. The Polar Cirdu lire two small circles, each about ti6t0

11. What Is lh. Zodiac' 12. Parallels or latltnde' or declination' 18. Tb.
tropics' Cancer? Capricorn' What do these circles mark in the celestial spbere'l
();, \..,p terrestrial" 14. The Colur.eI' Where situated' When is the eun III the equi-
..ocUa••'" '"to, The .,I.tleI:d' 16. Wbat are the Polar Circles'
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frOID the equator, being always at the same distance from the poh
that the tropics nre from the equator. The northern is called
the Ardic circle, and the southern the Antarctic circle.

16. J.IIleridians are imaginary great circles drawn through the
poles of the world, cntting the equator and the equiuoctial at
right angles.

Every place on the Earth, and every corresponding potntin the heavens,la consldcrell
8!!1 having a meridian passing through it; although astronomers apply but 24 to lh~

heavens, tllu8 dividing the whole COncave surface into 2-1 sections, each U)· in width,

~~=;: r:et~~i~~o~:Sr:ft~ee&88;.e ;~~~ha~~etb~~~~el~l~e~~~~: d:~~:i~a~:U::~6.~:t!
In mestJUring distances Bnd determining positions on the Earth, the equator and Bome

fixeu meridian, as that of Greenwich, contain the primary starting points; In the hea­
Vens these points are in the ecliptic, the equinoctial, and tlIat great meridian which
pasgep through the first point of Aries, called the equinoctial~olure.

17. Latitude on the'Eurtlt, is' distance north or south of the
!qltator, and is measured on the meridian.

Latitude in the Heavens, is distance north or south of tb"e wip­
tic, and at right angles with it.

Longitude on the Earth, is distance either east or west from
some fixed meridian, measured on the equator.

Longitude in the Heavens, is distance east from the first point
of Aries, measured on the ediptic.

18. Dedi-nation is the distauce of a heaveuly body either north
or south of the equinoctial, measured on a meridian.

Right Ascension is the distance of a heavenly body east frllm
the first point of Aries, measured on the equinoctial.

It Is more convenlenllo describe the sltoatlon or lhe heavenl,. bodies b1 their decll·
nation and right ascension, than by their latitude and longitude, since the former oar·
responds to te.-restriallatitude and longrtude.

Latitude and declination may extend 90" and no more~ Terrestrial longitude may
extend 180" either east or west i but celestial longitude and rIght &sceIJ8ion, beiDg reck~

ODed in only one directl0Il • extend entirely round the ch'cle, or 860".
It is easy to convert rirht ascension into time, or time into right aleensfon, fat it ~

heavt!Dly body ill one hou: in passing over 10", it will be one fifteenth of an hour, or ford'
minutes, in passing over I'.

If the first point of Aries be on the meridian at 12 o'clock, the next hour line, whicn
Is 15- E, of it, wJJl come to the meridian at 1 o'clock; the second hOUf line at 2 o'cluck;
the third at 8, A:c. Of any two bodies whose right ascensions are given, thai one "Ill
pasl' the meridian firBt which hal the least right ascension.

19. In consequence of the Earth's motion eastward in its
orbit, the stars seem to have a motion westward, besides their
apparent diurnal motion caused by the Earth's revolution on its
axis; so that they rise and set sooner every succeeding day Ly
ahout four minutes, than they d:d on the preceding. This is

16. Meridians? How many? 'Vhat other name? Bow measure dt!'tli.nccs on the
earth' In th~ heaV'ens? 11, What is latitude on the earth? In the heavenst
Longttude '1n the earth! In the heavens? 19. DeclinRtinn? Right ascension
"'111' describe by D. and R. A.~ F.xt~t of latitude? Declinatinn? J.onftitude and R
"t 80.... convert R. A. into time! ""hlrh of two bodies ~i\'t'n will fint PI1S9 the wert·
Ji~U! 19 What a lpart'llt motion ot rtara' Cautle' Ht,pnlt.ll?
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called their daily acceleration. It amouut!> to just two Murs u
month. On this accouut we have not always the same constel­
lations visible to us throughout the year. W'hile some, that werl;
not visible before, are successively rising' to view in the east, and
asceuding to the meridian, others sink beneath the westen.
horizon, and are seen no more, until, hnviug passed through tht:
lower hemisphere, they again reaopear ill the east.

DESCRIPTION AND USE OF 'fHE MAPS.

21l, TilE first map of the atlas represents, upon a large scale,
Jl. general view of the solar system. This will be more .fully
described in the second part of the work.

The.next six maps represent different sections of the concave
surface of the heavens. The first of these exhibits the principal
constellations visible to us in October, November, and Decem­
ber; the second, those visible in January, February, and March;
the third, those visibll1 in April, May, and June; and the fourth,
~hose visible in July, A ugust, and September; with the excep­
tion, however, of the constellations which lie beyond the 50th
degree of north and south declination, of which, indeed, those
around the North Pole are always, and those, around the South
Pole, 'Il/.ver visible to us. '

21. These constellations are represented on the sixth and
seventh maps, called circumpolar maps, which are an exact con­
tinuation of the others, and if joined to them at their correspond­
ing degrees of right ascension and declination, they might be
considered as cotlstituting one map. The scale on which all the
above-mentioned maps are drawn is that of a 16-inch globe.
'l'he lines drawn ou the maps have been already defined; and
their use, being nearly the same with those in geography, will
be readily understood. Those which Itre drawn from right to
left, on each side of the equinoctial and parallel to it, are called
Parallels of Declination. Those which are drawn up and down
through the maps, at intervals of 150

, are called ~Ieridians of
Right Ascension, or Hour Circks.

The scale st the top and bottom of the first four maps, and In the circumference oT ,
the eircumpolar mapa, indicatt:s the datly progress of the stars in right ascension, and
,hows on what day of the monlh any star will be on tbe meridian "t 9 o'clock In the
rvenlng.

-------------
20. What said of maps? First? Next six' 21. Sixth and seventh' Saalel

Ul"8cribe Unca? S....ale indicate" ....h:l.t'



CLASSIFICA rION OF IITARS, NEBl.L&, ETC. l{J

22. The first four maps of the heavens are so cQustn.cted
that the pl1pil in using them must suppose himself to face the
south, and to hold them directly overhead in such manner that
the top of the map shall be towards the north, and the bottom
t.owards the south; the right hand side of the map will then be
west, and the left-hand east. In using the circumpolar maps he
must suppose himself to face the pole, aud to hold them in such
a manner that the day of the given month shall be uppermost.

The constellation called the Great Bear Is an exception to this rule; In this constel
taUoD the principal stan are marked in the order of their right ascensioD.

That point of projecUon for the maps which would exhibit each Buccesllve portion of
the peavens directly overhead at 9 o'clock In the evening, was chosen, because in sum­
moar at an earlier hour the twilight would bedim our observation of the starl, Bnd a',
ether seaSODS of the year it is easier to look up to stars that wan~ an hour of their
meridian alUtnde than to those which are directly overhead.

CLASSIFICATION OF STARS, NEBUL..E, &0.

23. FOR purposes of convenience in finding or referring to par­
ticular stars, recourse is had to a variety of artificial methods
of classification. First, the whole concave of the heavens i~

divided into sections or groups of stars, of greater or less extent,
called CO?l.'Itel1atiom.-( Of the origin of these figures see page
143). ~ext, they are classified according to their magnitudes,
(as already stated art. 4), and designated on the maps accord­
ingly. Thirdly, the stars of each co1l.'1tellation are classified
according to their magnitudes in relatilYT/, to each ot1w', and with­
out reference to other constellations. Thus, for instance, the
largest star in Taurus is marked a, Alpha; the next largest {3,
Reta; the next, y, Gamma, &c., till the Greek alphabet is
exhausted. Then the Roman (or English) is taken up, and
finally, if necessary, recourse is had to figures.

This aleful method of desIgnating particular Btars by the nBe of the Greek and Roman
alphabet, was Invented by John Bayer, of Augsburg, In Germany, In 1608. It has been
adoptelJ by a.ll succeeding astronomers, and extended by the addition of the Arabic
notation 1, 2, 8, &e., wherever the stars in a constellation outnumber both alphabets.

As Greek letters 80 frequently occur in catalogues and maps of the stars and on the
celestial globes, the Greek alphabet Is here introduced for the use of thoBe who are
unacquainted with it. The capitals are eeldom used Cor designating the atara, but. ard
here given for the Bake of regularity.

22. How use the first four maps of the heaTenB' Circumpolar' What excepUon f
What point of projection chosen, and ...hy' 28 Classification or de.lgnation of
~tars' By whom invented, and whenl
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THE GREEK ALPHABET.
A a Alpha. N" Nu
B {J Beta. ;;;: f Xi
r 'Y Gamma. 0 0 Omicron
h II Ddt.. II... Pi
E e EpBilon P p Rho
Z 'Zeta. 2:, Sigma.
H 1/ Eta. T r Tau
e 8 Th~ta. 1" v Upsilon
I ,Iota. 4l, Phi
K "K"ppa. X X Chi
A i.. Lambda T '" Psi
M ,. Mu a (J Omega

24. As 0. further aid in finding particular stars, and especial1J
lu determining their number, aud detecting changes, should any
occur, catalogues of tkt. stars have been constructed, one of
which is over two thousand years old. Several 1)( the principal
stars have specific names, like the planets, as Sirius, Aldebaran,
Regltl1M, &c.

25. The stars are stilI further distinguished, as single, doub
"
"

triple, multiple, binary, variable, new, and nebulous.
A single star is one that appears as a unit under the most

powerfnl telescopes. Doubk, triple, and multiple stars, are those
that appear single to the naked eye, but by the aid of telescopes
are found to consist of two or. more stars. Binary stars are
d0uble stars revolving aronnd each other, often ca.lled Binary
Systems. Variable stars are those that are found to undergo
certain fluctuations in their brightness, sometimes becoming quite
invisible. In most cases these changes are periodical and
regular, on which account they are called Periodical stars.
New stars are those that suddenly blaze forth in some portion
of the heavens previously void. Nebulous stars are those which
are surrounded by a faint nebula, or halo of light or mist.

26. A duster of stars is an assemblage or group, thrown
promiscnously together, like the Pleiades and I-Iyades in Taurus,
and the Bee Hive in Cancer. A Nebula is a cluster so remote
as to appear only like a faint cloud or haze of light. Rcso!l'able
Nebula, are those that can be resolved into distinct stars hy the
aid of a telescope. Irres?lvable Nebula are those that have not

-----------------
24. What further "id T Age' Name. of .t&rs' 25. Stars, how further dl.U~

,niilhed 1 Single ptan P DOUble, &c.' Binary P What other name P Variable stars a

"'hat other name Mond why' NewstarsP Nebulous' 26. What Bre clusters' Nelm. .1
Ih>? Resolvable Nebulm? Irreoolvabl.? Annular? Planetary' ~
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.l~ VI': been thns resolved. Anmtlar Neb1tla are those that ha'l"e
LIlli form of an annnius or ring. Planetary Nebula are those
that resemble planets in form, and in the sharpness of their out­
line. Stellar Nebula are those with a star in the centre, the
same as nebulous stars, already described (25).

A mor~ detailed account of tbe double ltars, clustera and nebulBl; will be given after
lila Itudent hal become 80mewhat (amlllar with tbe conltellatlons.

27. We may now imagine the pupil ready to bcgin the stndy
of the visible heavens. The first thing of importance is to fix
upon the proper starting point. This, on many accounts, wonld
seem to be the North Polar Star. Its position is apparently
the same every hour of the night througho;t the year, while the
other stars are continually moving. Many of the stars also in
that region of the skies never set, so that when the sky is clear,
they may be seen at any hour of the night. They revolve abont
the pole in small circles, and ne\"er disappear below the horizon.

On thil account tbey are laid to be wltbin the circle of perpetual apparition. On tbe
other hand, the identity of the North Polar Star, strange as it may appear, IB not 80
easily determined by those who are Just entering upon t.,,18 study, 8S that of Borne others.
For this realon, the point dirtctty ()fJ~rluJad,called the enith, is preferable, since upon
this p(llnt everyone can fix with certainty in whatever latitude he may be. It will be
alike to all the central point of the visible heavens, Rod to it the pupil will learn Impelo­
ceptibly to refer the bearing, motion, and distances of tne heavenly bodies.

Th&t meridional point in each map, whose declination corresponds with the Jatitudt:
of the place 01 obst!rvatlon, represents the zenith of the heavens at that place i Rnd
thnse constellations of stars which occupy this position (n the maps, will be seen directly
overhead a1, 9 o'clock in the evening of the day througll "'hleh the meridian passt's.
ThuB in Georgia, for In8tanc~1. ~he starting point should be those stars which are BUuated
in this meridhm near the lRk1 degree 01 north decliI1ation, while In New England it
should be those which are situsted in it near the 42d degree.

28. We might, however, begin with the stars near either ot
the meridians represented on the maps, the only rute of Helection
being to commence at that which approaches nearest to being
overhead at the time required. We have rhosen for our starting
point in this work that mcridian which passes through the vernnl
efjuinox at the first point of Aries, not only bccause it is the
mpridinn from which the distanccs of Ill! the heavenly bodies are
measured; but especially because the student will thus be
enabled to observe and compare th~ progressive motion of the
cUlistpliations according to the ordflr in which they nre always
arranged in catalogues, and also to mark the constellations of
the Zodiac passing overhead as they risil one after another in
thcir order, and to trace among them the orbits of the Enrth
and of the other planets.

27. What llrat Important In commeuc'ug study of tbe benens? Wh"t star won1<.1
.eem best starting point? Wby? Wh) flOC the belt? What point preferable. "n I
"hy! DllIstration Irom map. 28. With what .tar. might we begin' What J~Crirl;I'!}
'hooe:> by the author? Why'
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PART L

THE CONSTELLATIONS

•

CHAPTER I.

CONSTELLATIONS ON THE MERIDIAN IN NOVEMBER

ANDROMEDA.-MAP 11.*

29. IF we look directly overhead at 10 o'clock, on the] ,ir.
af November, we shall see the constellation celebrated in fabk
by the name of ANDROMEDA. It is represented on the map by the
figure of a woman· having her arms extended, and chained by
her wrists to a rock. It is bounded N. by Cassiopeia, E. by
Perseus and the head of Medusa, and S. by the Triangles and
the Northern Fish. It is situated between 200 and 500 of :N.
declination. Its mean right ascension is nearly 150

; or one
hour E. of the equinoctial colure.

30. It consists of 66 visible stara, of which three are of .the 2d
magnitude, and two of the 3d ; most of the rest are small. The
stars directly in the zenith are too small to be seen in the pre­
sence of the moon, bnt the bright star Almaack (r), of the ~d

magnitnde, in the left foot, may be seen 130 due E., and Merach
({3), of tile same magnitude, in the girdle 70 south of the
zenith. This star is then nearly on the meridian, and with two
others N.W. of it forms the girdle.

The three stars forming the girdle are of the 2d, 3d, and 4th
magnitude, situated in a row, 30 and 40 apart, and are. called
Merach, Mu, and Nn.

31. If a straight line, connecting Almaack with Merach, be

• As the eastward motion of the earth In her orbit causes the lun to pRSS eastward
annually around the heavens, and the constellations to rise earli'JT and earlier (19), the
Itudent wiU find it nece8sary to proceed ~atdtwa,.d around the heavens, in studying the
constellations. And 808 the right hand of the map fa west, R.od the left hand east, we
bf'gin with the equinoctial colure, map 11., JLnd proceed to the llfl in the order in which
tht' constellations successively arise.

29, What constellation? Maps, and why? (Note,) How ALdromeda represented'
lJoundaries' 8ituation' Right &sc~n8ion and declinatiou' 80. Number of stars
Mngnitude' Almaack? Mersch' uGirdlcf" 81. Situatinnof De1ta? Magnitudp.
lrow otherwtle known' Alpheratz' 8ubiltance of not~ (fine llrh~t)'?
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produced south .westerly, 8° farther, it will reach ~o (~) Delta,
a star of the 3d magnitude in the left breast. Thiil star may be
otherwise known by its forming a line, N. aud S., with twO
smaller ones ou either side of it j or, by its constituting, with
two others, a very small triangle, S. of it.

Nearly in a line with Almaack, Merach and Delta, but curv­
ing a little to the N. 'f0 farther, is a lone star of the 2d magni­
tude, iu the head, called Alpheratz (a). This is the N.E. cor
ner of the great" Square of Pegasus," to be hereafter described.

It will be well 10 have the position of Alpherala well hed In the mind, because It I.
but one minute west of the great equinoctial colure, or drat meridian of the hest"ens,
Rnd forms nearly R right line with Algenib, in the wing of Pegasus, 14" d. of it, and with
Beta in Cassiopeia, SO- N. of It. If a line, connecting these three stan, be produced, it
will terminate in the pole. These three guides, in connection with the North Polar Star,
"ItOiut out to astronomers the p08ition of that great circle in the heaveIls from ",weh the
right ascension of all the heavenly bodies is measured.

llYTHOLOGlCAL HiliTORY.
8ll. The .lory or Andromeda, from which this constellation derives 1111 name,l. lUI follows:

She wa. daughter of Cepheus, King of Ethiopia, by Cas.lopeia. She wa. promised In
marriage to Phinens, her uncle, when Neptune drowned the kingdom, and lent a sea
mouster to ravsg.;l the country, to appease the resentment which his favol·ite nymphs
bore agail.l.st Ua,uiopeiR., because she had boasted heraelf fairer t.haD Juno and the
Ncrcides. The oracle of Jupiter Ammon WfUJ consulted, and nothing could pacify the
anger of Neptune nolell the beautiful Andromeda Ihould be exposed to the sea monster.
She was accordingly chained to R rock for this purpose, near Joppa (now Jaffa, in Syria),
and at the moment the monBter was goIng to devonr her, PeTleus, ....ho was then return­
ing Ihrough Ihe air from the conquest of tbe Gorgon., .aw her, and wa. captiYaled by
ber beauty. ,

"Ohained to a rook she stood; yonug Perseus stay'd
His rapid flight, to woo the beauteous maid."

He proml.ed 10 deliver her and de.troy the monster If Cepheus would gin her 10
him in marriage. Cepheus consented, and Perseus Instantly changed the sea monster
Into a rOCk, hyshowlng him Medusa's head, which wa••till reeldng In his hand. The
l"nraged Phineus opposed their nuptials, and a violent battle ensued, in which he, also,
was turned into a atone, by the petrifying inftuence of the Gorgon's h.ead.

The morals, maxims, and historical events of the ancien ls, were nsually communicated
In fable or allegory. The fable of Andromeda and the sea monster might mean that she
""al courted by loo::e monster of 8 sea·capt&in, who attempted to carry her &wa" but
was preY8nt.ed by another more gallant and aucc::es8fuJ rivaIw

TELESCOPIO OBJECTS.
88. Under the head of Telescopic ObJeclll, will be Inclnded cluolen and nebulle tbnl

nre vl.ible to Ihe naked eye, as well as the principal 01llects of Intere.' that are strictly
lelescopic. In de.cribing the location of these ohjeclll, R. A. will denole Right Asc.m­
Bion.. and Dec., Declination. The Initial. N. and S. will indicate whether the
declination Is NortJ. or &ruth of the equinoctial.

In describing the location of the telescopic 01llect, the R. A. will be given In tim.,
viz., in !wurSt minut&, and lfeconds, instead of degrees, minutes, and seconds: each
hour answcring to 15°. The hour circles are tistinctl,. dra....n on all the maps, the first
being 15' ea.t of the equinoctial coIure (Map I (,), and so on eastward to the same point
again. The hours will be setm ma.rked Just under the equinoctial, which ia marked of!
iato degrees, each of which anawers to four minutes of time. The Itudent wUl soon find
it much more convenient to reckon R. A. by lwtwB, on the waps, than b,. degrees, Ie.

82. HI8T0111.-What may it have meant'
88. What included among Tel••coplc 01lloots' What meant hy R. A.' Dec.' N. an"

II.' tIow R. A: laid down' How on map' What mode of describing components of
dooblp stars! Of a Andromeda 1 Of dlscrepancle. between R. A. given, snd 10ra.­
lion of star. on the ....1'., How I. R. A. given in locatillg obJec.. ' Why' Ho"
ara hnun marked on the mapl' The minutes'



2() Alll'ROl'WMY.

84. In conselJuence of the perpetual r ....uriofa of th~ equlDoxes westward, the R. A.
of olljects fa cODstantly Increased by about :SO· per year. It i. vain, therefore, to Bttemp'\
~. give n. A. for the Um.whon d book will b. m-d: or to construct maps that wll!
Bl.ow objects In their true place, for dUferent yeaTI to come. The necelsaryallowance
.Jlust be made In all caeel; 1110 that the R. A. for one epoch I. about &8 good 88 auother.
The R. A. here given is from SmlllN. C,Z..Hal CllcZ., epoch Jan. I, 1840. Map. should
be re-engraved every fifty yeara, but for all shorter period. allowance CBD be made by
the Itudt'Dt. As the maps accompanying this work were drawn and engr8,~ed io 188t,
their present R. A. (18M) I. about Ii' or 4m. of time ""Ill of theIr places on the maps.

85. ':rhe order in which the telescopic objects will be arranged is 6rst the double darB;
lecondly, clusters; and lastly the nebulae. The double stars wUl be claaBed accordln"
to their order in the respective constellations; I.e., a first, {3 next, tic. ThUS, B8 t1'.e
lar~est objects are first named, the student can begin with those ea.lelt found, 8:4d
requiring the leal! telescopic power; and proceed from the easier to those more dUB...
:u1t. The same plan I. generally pursued with the clusters and nebnl""

TELESCOPIC OBJECTS IN ANDROMEDA.

1. a AIIDaoll~DAl (Alpheratz)-A .tar with a minute companion, R. A.Oh, Om. OS•••
Oec., N. 28' 12' 00'. A. I, bright white; B. 11, purplish. On the map It I. ",Me of the
equilloc~ial, the map having been engraved some twenty yeers; but the equinox bavlng
constantly receded ....p.stward, had passe:l Alpheratz before 1840, some S'. Similar d18.
crepancies between the R. A. given and the location of dift'erent stau on the map, are
due to the lame cause.

2. I~ AIIDROIlIWAl (Merach)-A bright .tar with a dl.taDt telescopic companion, R. A.
Ih. 00m. 47s.; Dec., N. 84' 46' OS'. A. 2, Ilne yellow; B.12, pale blue, with .everal smaU
stars In the field.

8. y AlllDROIIBDAl (..4./'mttack)-A SPLBlllDlDDOUBL8 •·...Ron the right foot, R. A.lh.lI4m.
J6.; Dec. N. 41' 88' 06'. A. 8lli, orange color; B.IIlli, emerald sreen. Found by a line
from d to {3, and about twice as far beyond. ()lap VIlL, Pig. 1.)

4. 0 AlllDaOIlED&-A bright star on the right brea.t, with a distant telescopic com_
panion, R. A. Oh. 80m. 4i•. ; Dec., N. 29' 69' 01". A.S, orange; B. lilli, dusky; with the
small stars In the southern part of the field.

O. IC A:SDBO.llBD.&-A wide, but delicate THIPLlI ST.lR, In the northern hand; midway
bt'twecn {3 Pegast and a Cassiopeia i or about IS- from each; R. A. 28h. Sim. 888; Dec.,
N. 48' 27' 0'. A. II, brilliant white; B. 14, dusky; C. 12, ash-colored.

G. AN ELONGJ.TED NEBULA on the lady's right root~ R. A, 2h. 12m. 80s.; Dec., N. 41- 86-.
It was discovered by Miss Caroline lIerschell, In 1188. Sir William lIerschell described
it 88 having U a black division or rhlnt in the middle." He regarded it as a flat riog
of enormous dimensions, seen very obliquely. Captain Smyth says: U In my telescope
It Is certainly brighter at the edges than along the central part." Bee map VIlI., Fig. 21.

7. About 2' from Nu at the north-western extremity of the girdle, R. A. 00' 84m. Ms.!
N. Dec., 40- 28' 06·, Is 1\ remarkable nebula of ver:y minute stars, and the onl,. one or
the kind which Is ever visible to tbe naked eye. It resembles two cones of light, joined
ot their base, about", in length, and .. ' In breadth. It was known as far back as A.D.
9O:S, is or an oval shape, Bnd is described by Smyth a8 "an overpowering nebUla, with
a companion about 26' In the sonth vertical." Sir William Herschell considered this the
nearest or all the great nebulm, and yet so remote tha: it would require 6,000 yean for
Ught to pass from it to our system, though t1ylng at the rate of 190,000 miles per .econd I
Fill. 22, map VlIL, I. a representation of this object.

PISCES (THE FISHES).-MAP V.

36. This constellation is now the first in order of the twelve
constellations of the Zodiac, and is usually represented by two
fishes tied a considerable distance apart,'at the extremities of a long
undulating cord, or ribbon. It occupies a large triangular space

84. What saltl of t), change of R. A of obJects? Cause? Epoch of R. A. given iL
book? Of that marked on maps? Allowance to be made tn finding objects by m~pa
till. Order In which objects are pre.ented? Advantage of this arrangement?

TBL1llICOPJOOBJIlCI'S.-What double stars? a? {3? }? Wh"t~ll1ster. a~nebull11
::shewn on map, or not?

III JlIcu? Where .Iwated? What now lllI1ld •
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III the heavens, and its outline at first is somewhat difficult to he
traced.

In cODseqo.ence of the annual preceIIlion of the stars, the~aUonPisces hal now
CXlme to occupy the BigfJ. Ariel; each conltellation having advanced one whole sign In
the order of the Zodiac. The S~D enters the sign Pisces, while the Earth enters that of
Virgo, about the 19th of February, but he does Dot reach the OO'1l8t~tlation,Pisces before
the 6th of Alarch. 'l'he Fishes, therefore, are DOW called the" Leaden of the Celestial
Hos18."-&<l.drie••

31. That loose assemblage of small stars directly south of
Merach, in the constellation of Andromeda, constitutes the
Northern Fisk, whose mean length is about 16°, and breadth,
1°. Its mean right ascension is 15°, and its declination 25° .N.
Consequently, it is on the meridian the 24th of November j and
from its breadth, is more than a week in passing over it.

38. The Northern Fish and its ribbon, beginning at Meraeh,
may by a train of small stars, be traced in a S. S. easterly direc­
tion, lor a distance of 33°, until we come to the star EI Rischa,
of the 3d magnitude, which is situated in the node, or flexure of
the ribb@n. This is the principal star in the constellation, and
is situated 2° N. of the equinoctial, and 53 minutes east of the
meridian.

Senn degrees S. E. or El Rischa, passing by three cr rOtIl' very small .tan. we come to
M.ira, in the whale, a atar of about the 8<l magnitude, Bond known fUI the u'Vonderfu!
Star of 11>96." EI Rischa may be otherwise identified by meaDS of a remarkable cluster
..f tlve .tan In the rorm or a p<mtagon, about 1:\· E. or It.-&<I Cd....

39. From EI Riseha the ribbon or cord makes a sudden
flexure, doubling back across the ecliptic, where we meet with
three stars of the fourth magnitude situated in a row 3 and 4°
apart, marked ou the map Zeta, Epsilon, Delta. From Delta
the ribbon runs north and westerly along the Zodiac, and tormi­
nates at Beta, a star of the 4th magnitude, 11° S. of Markab
in Pegasus.

Thl. part or the ribbon. Including the Western )'Ish at the end or It. h". " meRn
declination or:\" N., and rnay be seen throughout the month or November, paNing tho
meridian 11011'17 \0 the W., Dear where the sun passel It aD the 1st of April.

40. Twelve degrees W. of this Fish, there are four small stars
,;itnated in the form ofOthe letter Y. The two Fishes, and the
cord between them, make two sides of a large triangle, 30° and
40° in length, the open part of which is towards the N. W
When the Northern Fish is on the meridian, the Western is
'learly two hours past it. This constellation is bounded N. by

87. Northorn Plsh' Lengtb! Dec.' Whe" on the meridian' 88. How trace tho
Northern Plsh' To wbat .tar' Magnitude! Where sitnated' 89. From El Ris<:bd
"rom Delt. ~ Mean declination or thl. part or the ribbon' 40. What 1~" wcn o'
_ tIIIb' "'.la'dlI tbe tiro tIIIh.......... IlIIlll<e' Bol1l1darlr.s or l'Iao8l'
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Andromflda, W. by Andromeda and PegasU!l, S. by the Cascade,
and E. by the Whale, the Ram aud the Triangles.

When, 10 enable tbe pupll 10 lind any atar, III direction from another Ilpven, the
latter I. alway. underatood III be on the m.rldian.

After a IUtl••"perience with tho mapl, ev.n thougb nnaccompanled b;y direction..
tha inll"nlouo ;youth will be able, of hlms.lf, In d.vlle a great many .xpedlenll and facUl·
&iea for tracing the cODsteliation&, or aelectiug out particular ltan.

In uoing a circumpolar map, face lh. pole, and hold It up In your bands In Incb a
U\&Dner that the part whIch containl the Dame of the given month lhall be uppermoB·,
And yOI1 ....m have a portraiture of the heavens a8 8een at that time.

Tbe constellation. about tbe Antarctic Pole are not vlllbl. In th. United Slate.;
thoae about the Arctic or ~orU1erD Pole, are al....ayl risible.

HISTORY.
'1. Tile ancient Gr.eks, who bave lOme f"ble 10 account for th. orlpn of almo.

every cODstellaUon, say, that &8 Venua and her 10D Cupid were ODe day on the banka ot
the Eupbrates, they were greatl;y alarmed at the appearance of a terrible pant., named
Typhou. Tbrowing thems.lves Into tb. river, they were changed into IIIbes, and by
thiS meanl e.eaped danger. To commemorate thll event, Minerva plar.ed two ftahell
among the Ita....

According 10 Ovid, Hom.r, and Virgil, this Typbon was a famouo pant. He bad a bun­
dred heauB, like those of a serpent or dragon. I'lameB of devouring fire dal"ted from his
mouth and eyes. He was no BOOner born, than he made war against ht&ven, and 10
frightened tbe gods, that the;y lied and a..umed dlll'erent ohapes. Jupiter became ..
ram: Mercury, an Ibi.; Apollo, a croWi Juno, a cow'; BacchWl, a goat; Pip.na, & cat i
Veil us, a fish, .tc. Tb. fatber of tb.lods, at I&lt., put Typbun to f1igbt., and cmobed bbaa
under .!ount &tna.

The senllment Impll.d in tb. fable of thll bideoul monIter, Is evidently llrll: tbat
there is tn the world a description of men whale mouth t. BO U full of cursing anrl bitter·
nesl," derison and violence, that modelt virtue is sometimes forced to d.isgu1le ItleJ.t.
or flee from their presence.

In the Hebrew Zodiac, Pisces Is allotted 10 the escutcheon of Simeon.
No sign appears to have been con8id~red of more malignaDt influence than Pf.e.Ju.

The astrological calendar describes the emblems of thlJl conBtellation aa indicative of
violence and deatb Both the S;Yl"lans aud Eg;yptlans abstained from eating IIsh,
out of dread and abborrence; and when tbe latter would rep.....nt an;ytblnl &I odIouo,
or expr... batred by hleroglypblc.. the;y painted ajIM.

TELESCOPIC OBJECTS.
1. a P'SCIUJI (El RiBcha)-A clole doubl. llar in the .&.nern .memit,. of tb. ribbon,

R. A. lb. Mm. 4l1o. ; Dec. N. 1" ~'08'. A. Ii, pale gr••n; B. 6, blue; a spl.ndld obJ.ct,
and easily founj.

2. ~ PlSCIUJI-A neat d'ouble ltar In tho ribbon, about 18" north·welt of ", R. A. lh.
~m. 211. ; Dec. N. 6" 48' 01". &. 6, Illve.,. wbltol ; B. S, pal. gra;y; a line olVect.

8. f/J PI8CIUJI-A close double star In tbe space betwe.n the two IIlhel, about half-w&7
between 7/ Andromeda and IJ Celi; R. A. 1h. lim. 811.; Dec. N. S" 41\'. A.8, White;
B. 14, pale blu.. -

4. A n.at DOOlILB BUB, about '" soutb of .AlgMr4h, In tbe wlnl of PelUuo, R. &. Oh
1m. MI.; Dec. N. 10" 14' 06", &. 6, sllver;y white; B. 18~, pale blu••

Ii. A UIllT I<BBIlL4 In the .;ye of tb. weltern Fish, about 10" south-balf-e&l~ of Mar·
.ab, near 'Y l'i.Bcium; R. &. lI8b. 06m. 86.. ; Dec. 8" 811' 1".: a very dtlllcult object.

CASSIOPEIA.-MAP VI.

42. Cassiopeia is represented on the celestial map in regal state,
seati'd on a throne or chair, holding iu her left hand the branch

4.1. HlflTOaY ?-Greek account! Ovld'l and olb... ? Sentim.nt or moral? Hebr.,.
r.odiac' Astrolog;y?

TlILIl8OOPlo OBJB0T8.-Doubl. stan Cluslo.. ? Nebul'" , Shown on map, or not?
411. 0..II1II01'01.. ? How repr.sen tod H~&d ?
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of a palm tree. Her head and body are !Jeen ill the Milky Way.
H ~r foot rests npon the Arctic Circle, npon which her chair is
placed She is surrounded by the chief pcrsonagesof her royal .
family. The king, her husband, is on her right hand-Perseus,
her son-in-law, 011 her left- 6.nd Andromeda, her daughter, just
Ilbove ber.

43. This constellation is situated 260 N. of Andromeda, and
midway between it and the North Polar Star. It may be seen
from our latitude, at all hours of the night, and may be traced
out at almost any season of the year. Its mean declination is
60" N. and its right ascension 12". It is on our meridian the
22d of November, but does not sensibly change its position for
several days; for it should be remembered that the apparem
motion of the stars becomes slower and slower, as they approxi­
mate the poles.

44. Cassiopeia is a beautiful constellation, containing 55 starR
that are visible to the naked eye; of which four are of the 3d
magnitude, and so situated as to form, with one or two smallE;r
ones, the figure of an inverted chair.

___" Wide ner stars
Dispersed, nor shine with mutual aid improl'ed i
Nor daule, brUllant with contiguous lIame:
Their number ftfty ..flve. II

45. Capk, in the garland of the chair, is almost exactly in the
equinoctial colure, 30" N.of Alpheratz, with which, and the
Polar Star, it forms a straight line. Caph is therefore on the
meridian the 10th of November, and one hour past it on the
24th. It is the westernmost star of the bright cluster. Shedir,
in the breast, is the uppermost star of the five bright ones, and
is 50 S. E. of Caph: the other three bright ones, forming the

. chair, are easily distingmshed, as they meet the eye at the first
glance.

There is an importance attached to the position of Caph that
concerns the mariner aDd the surveyor. It is used, in connec­
tion with observations' on the Polar Star, for determining the
latitude of places, and for discovering the magnetic Vll.riation of
the needle.

46. It is generally supposed that the North Polar Star, so
called, is the real immovable pole of the hea~eDs; but this is a
mistake. I t is so near the true pole that it has obtained the

43. Situatiou? How seen? R. A. and Dec.? When on meridian? 44. Numbe~ 01
stara? Magnitudes? Figore? Character of this constellation r 411. Caph? How
.ilusled r Wheo 00 mend'an r Shedir? Importance altached to Caph? 46. Polo
I5tal"? Is it the true pole' What variation f How pule star situR.ted with referenC"f' t<:I
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appellation of the North. Polar Star; but it is, iu reality, mor('
than a rhgrt.t..and a 1I.alf distant from it, and revolves about the
true pole every 24 hours, in a. circle whose radius is 10 31'. It
will consequently, in 24 hours, be twice on the meridian, once
abuve, and once beJuw the pole; and twice at its greatest elonga­
tion E. and W.

Tho Polar Star not boinS e,,&cUT In the N. pole of t~ heave.... bllt """~_d
lit ,,,towtN on thaI side of It whleh Is towards Caph, the position of the latter becomes
Important, as It always shows on whieh side of the tru.s pole the polar star Is.

There Is another Important facllo relation to lhe posillon of this star. It I.~Uu­
catU fro"," the pole, and e"Belly oppoBit. another romarkable star In the BIJ1ULr. of the
Great Bear, on the other side of the pole. [&. Megr...] It also serves to mark a spot
in the starry heavens, rendered memorable &s being the place of a lost star. Two hun­
dred and lifty years ago, a bright star shone 6· N. N. E. of Caph, where now Is a
u31'k void J

On the 8th of November, 1572, Tycho Drahe Bod Comelios Gemma saw a slar In the.
constellation of Cassiopeia, which became, all at once, 80 brilliant, tha.t it surpassed the
splendor or the brightest planets, and might be leen even at noonday. Gradually,
tbis great brilliancy diminished, ontil tho l[;tb of March, 1[;l'8, wben, witbollt mavins
Crom its place, it became utterly ex.tin.ct.

Its C010f, during this time, exhibited all the phenomena of a prodIgious flame--8.rst,
It was of & dauling white, then of a reddish yellow, and lastly of an ashy paleness, in
which Its 1i~ht expired. It Is impossible, says Mrs. Somerville, to imagine anything
more tremeudous than a conllagration that could be visible at such a distance. It was
.een for sixteen months. Some astronomers imagined that it would reappear again
after lliO years; but it hu never been discovered since. 'I'his phenomenon alarmed aU
the astronomers of the age, who beheld it; and manl' of them wrote dJ88ertations con­
cerning it.

ReV'. Professor Vinee, one of the IDOst learned and pious utronomen of the age, hal
this remark :_U The disappearance of some stars may be the destruction of that system
at the time appointed by the Deity for the probation of ita inhabitants i and the appear·
ance or new It&1"8 may be the formation of neW' systems tor ne" races of beingB then
cal1t'd into exist'Cnce to adore the works of their Oreator."

'l'hlUl, we may conceive the Deity to have been employed from all eternity, and thus
.. he may continue to be employed for ~ndles. ages; forming new 81sttms of beings to

adore him i Rnd traDsphnting beings already furmeu into happier regions, who will con­
tinue to rise higher and higher in their enjoymeuts, and go 00 to contemplate system
after system through th.! boundless universe•

••~ LA PLACE says :-As to those .tars which suddenly .hlne forth wilh a very vivid light,
and then immediately disappear, it is extremely probable that great conflagrations, pro-­
duc:ed by extraordinary causes, take place on their surface. This conjecture, continuel
he, is confirmed by their chanre of eolor, which is analogous to that pr ;.Bented to us on
the earth by those bodies which are sct on fire, and then gradually extinguished.

The late eminent Dr. Good alao observes that-Worlds, and .ysteml of worlds, are 1Mt
only perpetually creating, bll~ also perpetllBliy dlsapnearing. It Is an e"lraordinar, faet,
that within the period of the last century, not less than thirteen stars, in different can..
fltellations, seem to have wtally perished, and ten Dew ones to have been created. In
many instances it is unquestionable, that the stars themselves, the 8upposed habitation
uf otllt:~r kinds or orders of intel1igent beings, together with the different plantts hy
which it I!'! probable they were surrounded, have utterly vanished, and the spots which
they occupied in the heavens have become blanks I Wha.t has befallen other systems \ViC
assuredly bdall our own. Of the time and the manner we know nothing, but the fact is
incontrovertible; it is foretold by revelation; it is inscribed in the heavens; i~i!ll feit
through the earth. Such is the uwful and daily text; what then ought to be the COllUUe!)t?

The l1.reat nnd good Bt:za, falling in with the superstition of his age, ath~lDpted to proye
Lh.'1.t thid ,,&S a comet, or the same luminous appearance which conducted. the magi, or
wi!;c men of the h:1I,st, into Palestine, at the birth of our Saviour, and that it now appeared
to announce hi8 second coming. .

-----------Caph? \Yhat other important fact in relation to the position of CBph? What remark­
able fact f:ltated? By whom attested! Dl.:scrib~ phenomenon 7 MI'•• ~mervllle'e

remark 7 Other astronomers' P Professor Vince's remarks? The author'" L:J
Pla.<'t"s P Dr. Good's? - Beza'sf
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CEPHEUS.

IDI\'I"OXY.

O""wpela ...... the wife of CepheWl, King of Ethiopia, and mother of Andromea... BbE
Wfta a queen of matchlea beauty, and leemed to be 8~nsible of t\; for .he even boaatled
benelf fairer than Juno, the IIbltet of-Jupiter, or the N~retde&---&flame liTtoD to the 8ea­
U7IDPha. Thi. ao provoked the ladi.. of the .ea, that they complained to Neptune of the
insult, who Bent & frightful monster to ravage hit coast, lUI a punl8hmeni for her inso­
lence. Bot the anger of Neptune and the jealoOBy of the D71DphB ..ere not thus appeaoed
They demanded, and it .... finally ordained that Casliopeia Ihould chain her daughter
'nrlromeda, whom she tenderly loved, to a dea~rt rock on the beach, and leave her
expoled to tbe fnry of thll moulter. She .... thul left, and the monlter .. proached,
loot JOBt as be ..... going to de....W' her, Perseus killed him.

"The saviour youth the royal pair confess.
And wltb beav'd bands, their daughter's bridegroom blell."

E~'.Ot1id.

TELESCOPIC OBJECTS.

1• .I C..9IIIOPR... (S1&«I4r>-:A ~riJl!'t ltar, with a comp~nlou in the bolom of the lIgure ,
R, A 011. 81m 29•• ; Dec. 6li 89 00'. A 8, pale role tint; B IOlf, small bloe. Il..itb
and lIerschell note Shedir as variable.

2. 11 C.....or.... (O,ph)-A bright ltar on the len side, with a minute compaalon;
R. A. Oh. Om. 42•. ; Dec. N.M" 16' 08', A 2lf, ..hitisb; B lllf, dUlky. IAook dilectl7
opposIte HeurV, in the great dipper, through the pole s1&r, and about &8 far beyond.

8. y CASSlOPB&-A bright s~ w,ith!- distant co.m.panian ?D the right sille of the figure;
R. A. Oh. 47m. 015•• ; Dec. N. Il9 150 08. A 8, brilhant wblte; B 18, blue. Ma"" lmall
.tars in the field.

4. 'T/ C&88JOPBM-A 1IIlU,BY ST.AR, about 4- from a towards Polaris; R. A. Oh. 89m. tTl.,
Dec. N. lj6' 67' 09". A.4, pale ..hite; B. 7lf, purple. Estilnated period 700 ye.....

Ii. f.l C.\llIIIOPR...-A coarse TIUPU BUB In tbe right elbo.. ; lL A. Ob. li7m. 28&.; Dec. N"
M" OS' 01'. A lllf, deep ,ella.. ; B 14, pale blue; C II, bluish. Several lmall llar1Iln the
lIeld.

6. CT C..8IIIOPUl-A beautiful double Itar In the len elbo.. ; R. A. 2Sh. llOm. Ms.; Dec.
N. M-lil' OS-. A 6, flushed White; B 8, smalt blue; the colors clear and distinct.

T. A coarse QUADRUPLE STAR, Just south of' Cepheus' right hand; or about 27- ..outh..
lOuth~west. of Polaris, on a line drawn over y Ceph~i. R. A. 28h. 11m. 46d.; Dtc. N. l,H.'
24' OS'. A Ii, pale ye11o.. ; B 9, yellowilh; C n, and D, 18, both blue.

S. A LA.RGB .AND 8'l'RAGGLING CLtTSTKR, between the footstool of Ca,niopeia and the heRd of
CepheuI; R. A. Oh. ISm. lOs.; Dec. N. 70' SO' OS'. A line from y Ca••iope&l, % tho di.
tBnce to y Cephel, ..ll1 fall npon thil object. A eoarle donble Itar in the field.

9. A RlCB, BUT SOXB:W1U.T STaAGGUXO CLUSTD; R. A. Oh. 24m. 68.; Dec. N. 82- 28· 09".
Vicinity Bplendidly strewed with st&r.......... double Blar in the centre. Look near the
Btar Ie.

10. A WOSB CLUS'BR, including a .mall double .tar; R. A. Oh. 84m. Iii•. ; Dec. N. 1IO"
M' 07'. A 8lf, B 11, both pale. Situatedjult half ..a, bet..een y and K.

11. A LOOllII CLI1IlTBR of Imall Itars; lL A. Ob.Mm. 19&.; Dec. N. 60" 44'. On a line fran;
) towards e, about l( the distance.

12. A CLIllIT&R and neat double .tar on aUne from a through d, and about 2lf" beyond.
In an elegant field of large and Imall .tars.

18. A rur. OAUXY CLUBTI:B of minute starB, about 8- south·west of {3, and "bout tit.:
JH,me distance welt of a. R. A. 2.Sh. 49m. Ois.: Dec. N. M" 49' 060'. A glorious A.8"em~

"Illge, both In extent and richness. Resembles a crab, having spangled ray. of Itarf',
3preaoiJlI over many fields Ilap VIlL, }!'ig. 2.'3.

CEPHEUS.-MAP VI.

4. 7. Cepheus is represented on the map as a king, in his royr.l
robe, with a sceptre in his left hand, and a orown of stars upon

BnnoKY'-Who WBS Cassiopeia r Personal appearance' Sad cnnscquences? Resew ~
"Fl.acoPIO OWBC'l'IlI -Doubleaod multiple Bt&r,' Clusf.era' WbHot .hown on map'
47. Uow 18 CE'?heUJ repre.ented l' Wher: aituatttu 't
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his head. He stands in a. commanding pOiltnre, with his left
foot over the pole, and his sceptre extended towards Cassiopeia,
Il.S if for favor and defence of the quecn.

• iii Cepheus illumes
The nelghhoring heavens; stm faithful to hI.s queen.
With t.birty-tlve faint luminaries mark'd."

Thill constellation Is about 21l' N. W. of Oassiopeia, near the 2d coil of Draco, and ill on
the meridian at 8 o'clock the 3d of November; but it wm linger ........ It for many days.
Like Oassiopela, It may be seen at aJ hours of the night, when the sky ill clear. for to us it
never Bets. •

By reference to the linel on the map, which an meet In the pole, It wlll be evldent that
a stAl', near the pole, moves over a muclllMll space in oue hour, than one at the equi­
noctlal; and generallT, the fWarw the pole, the .........,..,.. the lpace, and the .unow
the m~lon.

The stars that are 10 near the pole may be better deoerlbed by their polar di8ttmoo,
than by their denUnation. By polar dilltance ill meant, the~ from the pole. anJ
.. what the decllDaUon wanto of 00'.

48. In this constellation there are 35 stars visible to the
naked eye; of these, there glitters on the left shoulder, a star
of the 3d magnitude, called Alckramin, which with two others of
the same' brightness, 8° and 12° apart, form a slightly curved
line towards the N. E. The last, wholle iettf:T" name is Gamma,
is in the right knee, 19° N. of Caph, in Cassiopeia. The midrlle
one in thil line is Alphirk, in the girdle. This star is one-third
of the distance from Alderamin to the pole, and nearly in the
same right line.

It cannot be too well nndentood that the bearinRII. or direction of one ltar from
another, as given in thill treatille, are strlctly'appllcable only when the latter one lion,
or near the meridian. The bearings given, in many cases, are not the least approxima­
tions to wbat appear. to be their relative position; and in Borne, if relied upon, will lead
to errors. For example :-It 111 said In the precedln. paragraph, that Gamma, in Cepheus,
bean lj- N. or Caph in Ca8siopela.. This is true, when Caph is on the meridian, but at
this very moment, while the author 111 writing this line, Gamma appear' to be 19- du~

teat of Capb; aDd six months hence, will appear to be '&he same dist&li.ce eaJlt of it.
The reason is obviou8 i the circle which CepheuB appears tq describe about the pole, ia
wiJAin that or Cassiopeia, and consequently when on the east side of the pole, will be
within, or b.tween Ca,.iopela and the pole-that Is, wut of Cassiopeia. And for tho
sa.me reason, when Cepheua is on the west side of the pole, it 18 beflwMn that and Cas8io­
pela, or tlIUt ofit.

Let It al'o be remembered, that In opeaking of the pold, which we shall have frequen.
occasion to do, In the course of this work, the North Polar Star or any imaginary point
very near it, is alwuys meant; and not, a8 lome will vaguely apprehend, a point"" tAe
4oT"iMm, directly N. OfU8. The true pple or the heavens is always elevated Just as ID&IlY
derrees nbofJd our horizon, &8 we are north ot the Equator. If we live in 41- N.latitude,
the N. pole will be 42' above our horizon. (Su Ncwth Polar Star.)

49. There are also two smaller stars about 9° E. of Alders.­
.nin aud Alphirk, with which they form a square j Alderamin
heing the upper. and Alphirk the lower one on the W. 8° apart.
In the centre of this square there is a bright dot, or semi-visible

.~tar.

The head of Cepheus is in the Milky-Way, and may be known

48. Number of st"rs visible? Principal stars? Situation' 49. Wl:"t other .taro,
""d Iltnatlon r Situation of tho 1l«ut, and how known? Dl1ltanCle of thl. AtiterillD (1<lII1
the> pole ,tar?
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~, three stars of the 4th magnitude in the crown, whIch form II

3mall acute triangle, about 9° to the right of Alderamin. The
mean polar distance of the conlltellation is 25°, while that of
Alderamin is 28° 10'. Th~ht ascension of the forme'" is
338° ; consequently, it is 22"ql1 of the equiuoctial colure.

The student will understand tha.t right 'lscenlion Is reckoned on the equlno~tialt from
the fi.:st point of Aries, E., quite round to the same point again, which Is 860-0 Now,
.lJ3So measured from the same point, will reach th~ same point again, within 22- j which t"
the dUl'erence between 360- and 888-. This rule will apply to any other case.

HISTORY.
This consteUatlon Immortalloetl the name of the king of Ethiopia. The name of IU

queen was Cusiopeia. They were the parentd of Andromeda, who' was betrothed to
Perseus. Cepheus was one or the Argonauts who accompanied Jason on hi. periloul
expedition in quest of the Jrolden Deeee. Newwn supposes that it was owing to tide
c:ircumstance that "be was placed in the heavent; and that not only this, but all the
ancient constellations, relate to the Argonautic expedition, or to persons Home way can·
nee ted with it. Thus, he observes, that &8 Museus, one of the Argonauts, ws. the first
Greek who made a celestial sphere, he would naturally delineate on it thos"! figures whicb
~ad some reference to the expedition. Accordingly, we have on our globt::1 to this day
the (}old_ Ram, the ensign of the ship in which l'hryxus fled to Colchis, the scene 0"

the Argonautic achievements. We have alBa the Bull with bruen hoofs, tamed by
Jason; the TwiM, Castor and Pollux, two sailon, with their mother l&a, In the forll,
of a Swan, and Argo, the ship itself; the watchful Dragon, Hydra, with the (}up at
Medea, and a raven upon its caresse, as an emolem of death; alBo Ohiron, the Mastel
,f Jason, with his AUar and &lOrijlC<'l; HerlYlJ.lM, the Argonaut, with his club, his dart
and vulture. with the ttraqtm, crab, and Uoft which he slew; and O,.plu!nJ,s, one of lbt'
company, with hiB harp. All these, says Newton, refer. to the Argonauts.

Again j we have Onon, the son of Neptune, or, &8 tome ssy, the grandson of Mino!
with his dOflB, and hard, and,;",er and ICO'rpi,oft. We have the story of Perseul in tin
constellation of that. name, loS well as in Cassiopeia, Cepheus, Andromeda, and Cetu8·
that of Ca.lista and her son Areas, in Ursa Major; that ef Icarius, and his daughter
~..igolle, in Bootes and Virgo. Ursa Minor relate. to ODe or the nursel' of Jupiter
.Auriga, to Erichtonius j Opllluc!l/lu, to Phorbas j Sa·u1ttar1'U8, to Orolus, the son of ont
of the lfuses; Oapl'lcoMt, t.o Pan, aod .dquari'U8 to Oanymede. We have also Ariadne'.
crown, Bellerophon's horse, Neptune's dolphin, Ganymede's ~g~, Jupiter's goat, with
ber bids, the &8SeS of Bacchus, the./ltJh,e.8 of Venus and Cupid, with their parent, thf'
~ jls1l. These, according to beltoton, comprise the Grecian constellations men·
tioned by the poet Aratus; and all relate, 8S Newton lIupposes, remotely or immediately
to the Argonauts.

It may be remarked, however, that while none of these ftgures refer to any transaction'
-.of a l~ter date than the Argonautic expedition, yet the great disagreement which appear~

in the mythologica.l account of them, proves that their invention must have been 0
greater antiquity than that event, and that these constellations were received for lKJW"
time among the Greeks, before their poets referred to them in describing the particula.
of that memorable expeditiou.

TII:LESCOPlO OBJECTS.

L a CIPRBI (AltUram'n}- A FINK STA.R, with a distant companion on the lett shouldt..r
,,'Ii Cepheus; R. A., 21h. 15m,; Dec" 61· ~..r. It is about half way between Polaris and
Deneb, and 8- south-west from {3 Cepbei. A 81 white; B 10, 1--..le blue, with a campanio.
af the BaUle magnitude and color~

2. j3 CKPnEl (Alphirk}-A DOUllLB !lrAa on the left side of the gIrdle of Cepheus, twn
thirds of the dlstance from Pol'aris to Alderamin. A 8, white; B 8, bhie, with a vw' ~
minute double star prececnng.

8. r CRPUal (Er Rai}-A DOUBLa BTU In the knee of Cepheus, with a distant tele.col ir
ImmpanioD. OD. the preceding parallel. A 8, yellow;B 14, dusky. R. A., t8h. 82m. 47':.
Uec.,·N. 16· 44' 1". This star will be the Pole star in ahout 2360 years.

HlIlTOay.-Who W88 Cel'l-eu.' Why placen in the heaYens! What said of 'he q,'J
J! other cODstf>Untioll8 l'

'l'ZU:lil;IJPIC OI>Jc;l'T:';. -A!pJl.l? Ikt:l 1 .\ •• ? 'Yl,n.t \'luster3l

2
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I. "C"B8' (Var) in Ihe oro,", of Oepbeus, a line, thol1lb wide DOUBU8ua; R. A. WII.
1:8111.141. i Dec" S. 07- &')' 9-, A 4~, orange tint; B 1, tine blue-the colotl in flne COil.
lra.l. Thl••tar i. eariabh, with a p..lod of 6<1. 8h. 80m.

6. A 1....0> ...n a'eB CLoaT" OD the l.fl elbow; R. A., 20h. 28m. 17•. ; Dec., N. eo' Oil
'L It I. 12' due norlh of a Cygnl; and S' we.l·aouth·we>t of '7 Cephel. .. A gral,d bUl
::~.tant collocaUoD of luna bound tOjfetber by mutual relatioDs."

l. AN IBIlBGUL.R CLUSTD between the head of Cephelll and the chain of Andromeda;
R. A., 28h. 17m. 10•. ; Dec., N, .eo' 48' 1'. II I. aboul oDe·third of Ihe dlllKnc" froc
3 Ca••lope.. to a Cephei; and lOa,. be .eeD OD Map VI., Dear the .ceplre of Cepbru.
For a lelescoplc view_ .ee Map Vill., I'Ig. 24.

CHAPTER II.

CONSTELLATIONS ON THE MERIDIAN It DECEMBER.

ARIES (THE Rlll).-MAP II.

50. TWENTY-TWO centuries ago, as Hippa.rchus inform8 ll.'l,

this constellation occupied the first sign in the ecliptic, com­
meucing at the vernal equinox. But as ·the constellations gain
about 50" on the equinox, at every revolution of the heavens, $

they have advanced in the ecliptic nearly 31 0 beyond it, or more
than a whole sign: so that the Fishes now occupy the same
place in the Zodiac, that Aries did in the time of Hipparchus j
while the rxm.sltllation Aries is now in the sign 'Taurus, Taurus
in Gemiui, and Gemini in Cancer, and so On.

A>11IIl II therefore DOW Ibe .......Dd eOD.tellaUOD In the Zodla... It I. .lluated Dext eas,
ofPlsce., and II mldwa,. hetween the Trianglea aud the Fl,. OD the N. and the head of
lJelUl on Ihe 8. 11 wnlKlnl 66 ltara, ~ ...hlch, ODe II of the !d, one of Ibe 8d, and 1...0 of
lbe 4th magDitnde•.

.. "nit, floom the east, the Ram coDd",cla the ,.ear j
Whom Ptblemy with ktrictJ mne star8 adorns,
Of which two only claim the aecond rank;
The rest, wtoeD Cynthia Me the Bigo, are IOlt."

Arle.l. readII,. dl.Ungullhed b,. mean. of two bright staraln the head, Ilbout 4' apan,
'he brlghte.1 being the mOlt north-ealterl,. of the two. The lint, whicb I. of Ihe 2cl
magnitude, Illuated 110 the righl horn, i. c:Llled Alpha ArleUI, or .Impl,. .Aria"" the
other, which 11 or the 3d magnitude, I)'lng near the left horn, is called Sherstan, and may
-.. known b,. another ltar or the 4th magnltude,lD the ear, I~' 8. of II, called Jluartlllm,
.ll1ch II Ibeflrot stllr In thl. conl",lIaUon.

ArieUs and Sherstan, are ODe instance out of maoy, where st.ars of more than ordinary
~htnel8 are seen together in pair,_ 88 in the Twins, the Little DOl, le., the brightedt
itIIr being common!,. on the ealt•

• See .. Prece••lon of the EquiDoxe.,n page 270.
-----

'-0. Con.tell.tlons In Ihll chapter? Arl.. W centuries "got Now; and wh,.' lI"w
l~t1ng'Jt8Jl'_'ci, ArieU9 and Sherat.:\'J ,
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61. 'The position of Arietil! affords important facilities to
nautical science. Difficult to comprehend as it may be, to the
uulearned, the skilful navigator who should be lost upon an
unknown sea, or ill the midst of the Pacific ocean, could, by
measuring the distance between Arietis and the Moon, which
often passes near it, determine at once not only the sput he was
in, lmt his true cours~ and distance to any known meridian or
I.arbor on the earth. See Part 11., page 206.

Arietis comes to the meridian about 12 minutes after Shera·
tan, on the 5th December, near where the sun does in midsum­
mer. Arietis, also, is nearly on the .same meridian with Almaack,
in the foot of Andromeda, 19° N. of it, and culminates only
four minutes after it. The other stars in this constellation are
quite small, constituting that loose cluster which we see between
the Fly on the north, and the head of Cetus on the south.

When Arietis is on the meridian, Andromeda and Cassiopeia
are a little past the meridian, nearly overhead, and Perseus with
the head of Medusa, is as far to the east of it. Taurus and
Auriga are two or three hours lower down; Orion appears in
the S. E., and the Whale on the meridian, just below Aries,
while Pegasus and the Swan are seen half-way over in the west.

The manner In which the ancienla divided the Zodiac Into 12 equal partl, ...al both
Ilimple and ingenious. Having no inltrument that would meuurt:' time exactly, U they
took a veNeI, with a small hole in the bottom, and having filled it with water, Buffered the
lame to distill, drop by drop, into another veuel set beneath to receive it, beginnLng 8~

the rooment when some ':tar rose, and continuing till It rOle the next follOWing night, when
It would bave performed one complete revolution In the heavens. The water jailing dowD
Into the receiver they divided into twelve equal parts; and haVing twelve other small
vessell in readiness, each of them capl&ble of containing one part, they again poured all
the water Into. the upper vessel: and observing the rising of some Btar in the Zodiac, at
the lame time suffered the water to drop into one of tbe small ....eBBeII. And 1\8 BOon aB U
was rull, they removed It, and set an empty one in Its place. Just a8 each veBBeI was fuJI,
they took notice what Itar of the Zodiac rose at that time, and thUB continued th. procesl
through the year, until the 12 ves!!leIs were fllied.n

Thus the Zodiac was divided into 12 equal portions, c:orrespondj·, to tile 12 monthe ot,
tt.e year, commencing at the vernal equinox. Each of these \ utiona aerved a8 the
visible representative or rign of the month It appeared in. )

All those stars in the Zodiac which w6l"e observed to rise while tt,e tlnt TesBel was flU·
mg, were constellate" and incJuded in the first lign, and called .ArU., •.D animal held in
great esteem by the ahepherds of Cbaldea. All those Btars in the Zodiac which rose whiJe
the second vessd was filling, were constellated and Included in the second li~, which,
ror a similar reason, was denominated Ta'UI"'UB; and all those starl which were obsp.rved
to rise while the third v.essel was filling, were cODstellated in the U"ira sign, and called
G~mini, in allusion to the twin 8eaaon of the flocks.

Thus each sign of 80· in the Zodiac, received a distinctive appel1atlon, according to the
fancy or superstition of the inventors; which Dames have ever since been retained,
although the constella.tions themselves have since left their nominal slgnl Dlore than 80·
behilld. 1'he sign Aries, therefore, included al1 the stars embraced in the Brit 80· of the
7.odii.c, and no more. The sign Taurus, in like manner, included all those stlU;'S embrac&i

n1 Position of ArleUs' Importance to mariners' When come to meridian' Wll'~rt
A.nd~-'fl:daand Cassiopeia then' Perseus? Taurus, Auriga, Orton, Pegalus and Swan'
What ",. other ltars in Ariel Y Ancient met!lo<\ or dividing tho ZodilUl Y Illamco 01
"'I;II.?
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(
I: ;l,e oesl 80' of Ihe Zodiac. ur tho... bel.....o 80' aod lIO'. aod 10 of the 1. Of "-
...ho Im..g",. thai Ihe 1....lve co081eIlat,o". or the Zodiac ref.r 10 the I elve trIII.....t
urael, ...m....ribe ArI•• 10 the trlh. or Slmeoo. aod others. 10 Gad.

HISTORY,

Accordloglo fable, thill ill the ram hlch bore the gold.o 11..... aod carried Phryxul
aod hill.ilIler Helle through the air h.o they fled 10 Dolchll from the pere.cullon or Ihelr
ltepmolher Ina. The r.pid motion or Ihe ram In hi. aerlall\ighl high above the eartb•
...u.ed the head or Helle to lurn ...Ith glddines., .nd .he rell from hill back Into thai p....;
or lb••ea ..hlch ..... arterward. caUed HoUapqnt, 10 commemoration or the dreadruJ
event. Phrys:uI arrived lare at Colchll, but was 1000 murdered. by bil own f&tber..in~18w,
4110., ...bo envied blm hi. golden tr.a.nr.. Thill gan rI.e 10 the eelebrated Argonaulio
e:l:peditioD under t.he command or Juon, for the recovery of the golden fleece.

Nepbele, Queen of Thebes, having provided. her children, Phryxu! and Helle, with thil
noble aolmal, upon ..hlch they mlghl elnde the wlc:ked de.lgn. or tho.e ...ho .our-bl their
life, wu afterwards changed into a cloud, as a reward for her parental 8011:1tude; and
t.he Greek. ever after called tbe clouds by her name. But the most probable. ac'OOunt of
Ihe origin or Ihl. con.lellallon ill given ill a precedlog paragraph....here I~ :s rer.rred 10
<he flock. or the Ohaldean .hepherd••

During the campaign. of Ihe Fr.nch &rmyln Egypt, General Dessalx dl.covered among
,he ruinl at Deader., Dear the banks of tbe Nile, the great temp),:) Iuppoled by some to
have been dedlcaled to lsi., the f.maIe deity or Ihe Kgyptian., ...'.0 believed Ihat the rill­
log of Ih. Nil..... occ&eluned hy the tears ...hlch .he contlnnarl' .hed for Ibe 10•• of her
brother Oslrl., ..ho ..... murd.red by Typhon. Otbers .uppcJe this .<lillce ..... erected
for astronomical purpoles, from the circumstance that hJO ZodWM were dlacover"'<l,
dra..n opon Ihe celling. on oppoelle .Ides. On both tl:f);l~ tDdiac. the equinoctial pointe
are in Leo, and no~ In Ariel i from which It haa b6eu c.Jncluded, by thOle who pertiua­
dously endeavor to array the argument. of Icience "ga.tnst the chronology of the Bible
and Lhe vaUdity of the Mosalo account, that thele Zodiacs were constructed when the SUD
entered the lign Leo, which must have been 9720 yeara ago, or 4000 1ears before tbe
InBpired account of the ereadon. The lnAdel writerl in }'ranee and Germany make it
lO,OOO years before. But we may "let to our 8eal," that whatever II true In fact and cor­
red In inference on this lubJect will be found, In the end, not on17 consistent with the
Mosaic record, but with the common meaning of the expressions it usel.

The ddcovery of Ohampolllon b.. put this qucBt10n for ever at relt; and M. Latro:J.ne,
a mo.1 learned anllquary, h.. very .ali.f"ctorlly d.monltraled thai Ih••e Egyptian
Zodiaca are merely the horoBCopel of dilltingulBhed perlonages, or the precise lituatioD
of the beavenly bodl::.o In the Zodl"c al their nativity. Th.ldea that .nch ...a. their pur­
pose and origin, Qnt BUnested itaelf to thil gentleman on finding, in the box of a mumtnJ",
a similar Zodiac, with lueh inscription. and charactera aa determined it. to be the horo­
Icope of the deceaBed person.

Of all the dlscoveriel of the antiquary among the relics of anctent Greece, the rntDI 0­
Palmyra, tbe gigantic pyramid. of Egypl, the templc. of their gods, or Ihe .epulchre. or
·,heir kingll, 8carcely one 10 arous,ed and riveted the curiosity of the learned, BI did the
fi.covery of OhampoWon Ihe 10Wlger, ...blcb dt,,:4pMr' CII8 hurog1/lpM<JI of ancient
Jgypt.

The potency of this Invaluable dilIcove., hal alread1 been Ilgnal1y maulte.1ed 10 .....
ting a formida.ble coot Jveny between the championl of infidelity and those who maiD~

Ain the Bible account .f the creation. It hal been shown that the conltellatlon Pi8ca,
.ince the days of Hipl:4rchus, has come, b7 reason of the annual preceslioD, to occupy
the lame apparent. place in the heavenl that Arlel did two thouaand yean ago. Thf'
Ohrlsllan ..Ironom.r and lh. Infidel are perfectly "greed a. to the /tMI, and the amoum
of tbl.yearly galo In the apparenlmollon or Ihe .I&rs. Tbeybolh believe, and both can
demonstrate, U)at the Axed stan bave gOlfe forward In the Zodiac about 60" of a de~ree

'n every revolutIon of th, heaven. aince the creation; 10 that were the world to light
upon any authentic Inscn1Jtlon or rp.cord of put ages, which Ihould give the true posi­
tion or longitude of any particular It&r at that time, it would be ea&y to tis an uuquel­
tionable date to Buch a record. Accordingly, when the famous ~I Egyptian Zodiacs,"
wbJch were Iculptured on the waLlIs of the temple at Dendera, were brought away M
.,48119, and exhibited in tbe Louvre at Paris, the7 enkindled a more exciting intereet 10
the thousands who saw them, than ever did the entrance of Napoleon. U Educated mea
llf e,ery order, and those who had the vl\nity to think thettUlelves such," la". the com~

."1euLator 0" Champollion, U rushed to behold ~ ZodiadB. These Zodiaci were imme·

.J1H.tel1" published and commented upon, with more or less good fahn and decorum.

H,.....aT.-Di.covery In EJ(ypl? Use m"de of lhe Zodiac.? What did they prOTO l1li
.~.. , D.)w ascertaitll;",l ~ "'hu wost zea)tJus in OPPOShlg' r~velatil)J) l' Mt"ans clllpMyw:l7
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l!ct.nce .truck out h.to .y.tem. very bold; and the .plrlt of Inlldellty, ",lanr apon th.
discovc:ry, tlattered itself with the hope of dra.wing from t.hl!DCe new 81 ..·:tOrt. It wu
tdljustiftably taken for granted, that the ruins of Egypt furnished astron'JID7 with mNlU­
ments, containing observations that exhibited the. smte of the heaV(U8 tn the moat
remote periods. Starting with this assumption, a pretence W&I made of demoDstratfnR'
by meaDS of calculations received &s infallible, that the celestial appearaDces assigned
to these monuments extended back Crom forty~tlve to sixty.ftve centurie8 i thllt thE'
Zodiacal system to which they must belong, dated back fifteen thousand years, and mUlt
reach far beyond the limits assigned by Moses to the ex.istence of the world.tt Amonl
those who stood forth more or less bold aa the adversal"iea of RevelatioD, the most pro-­
minen~ was M. Dupuis, the famous author of L'origi'M dIJ tou8le8 Oult68.

The infidelity of Dupuis was spread about by meana of pamphlets, and tbe advocatef
or the Mosaic account were scandalized U until a new Alexander aroae to cut the Gordiao
knot, which men had VAinly Bought to untie. This wal ChampoUion the YO"Ulger, amled
with his dilco1';:ry." The hieroglyphics now speak a language that all car underatand,
and no one gainsay. II. The Egyptian Zodiacs, then," Bays Lalronne, U relate \n no respect
to astronomy, but to the Idle phanta.le. of Judicial astrology, &II connected .nih +.b. II..
tinif'8 or the emperors who made or completed them."

TELESCOPIC OBJECTS.

I. a AalBTls-A DOlJBU 1!'I'.... ln the Ram'. forebead; R. A. 1h.lISm. 100. Dec. N. 22"
ti' 02·. A 8, yellow; B 11, parple.

Two thous&nd years ago the first meridian or Vernal Equinox pUled through th'
Btar; but the recession of the equinox at tbe slow rate of 00· per year, bas, in that lengtt
of time, earned the eqUinoctial nearly 60- to the welt, where we now find It. SlOP. thi.
subject explained in the secoud part of the book.

2. {3 Allums (8herata..}-A BalGHT I!'I'AB with a di.tant companion la the coU o' the
right horn; R.A.lh.4IIm.49•. ; Dec. N.20" 01'04". A S,pearty white; B11,du.kY.

8. 'Y AIlIJm8 (M..arlMm}-a DOlJBU I!'I'''. In.t IOUth of {3; R. A. 1h,. «m. 411•. ; Dec. N.
IS' SO' 011·. 'A 4~, brirht white; B 6, pale grey. A line object. Map VIII., Fig. 2.

4. e ARIBTl8-A VERY CLOSB DOUBLB STAB near the root of the taU, and between it and
Musca; R. A. 2b. Mm. 04•. ; Dec. N. 20" 41" OS". A 6, pale yellow; B 6~, whitish. 11
requires a good telescope to separate them.

ll. 11" A.8mTI&-A neat ~IUPLB I!'I'''. In the haunch, abont one-third of the dl.tance from
fJ Arletl. to Aldebaran; R. A. 2h. 4Om. 221.; Dec. N. 16" 'T' OS'. A 6, pale yellow; I'
SllI, lIushed; C 11, dusky. A beautiful trio.

6. A QI1AD.UPLII .~.... halt way between a and 'Y ander the right hom; R. A. th. Mm.
'lis.; Dec. N. 20"16' 07". A 6, top.... yellow; B 16, deep blue; 0 10,lUac; D, pale blue,
An exqulalte object. -

T. A BOI1IID IIDITLA near 'Y Arletl., and Ju.t ea.t at It; R. A. Ill. llOm. 840.; Dec. N
\S" 18' 06"~ It Is larre and pale, and Ue. amonr .ome .mall .taro, .ome of which form •
carve ....ro., the .outh part ot the lIeld.

TRIANGULlE (TIlE TRIANGLES).-MAP II.

52. The Triangles are IIituated between the head of Aries (Ill

the north, and the feet of Andromeda on the south. R. A..
2h.; Dec. N. 30°. They contain two stars of the 4th magni­
tude, and two of the 5th j with several smaller: A line from
Sherat$n in Aries, to Almaack, will pass through the lucida,
Trianguli, about midway, between them.

TaLIIIOOPlG 0,.,.,.,.' What a Arletl.' Otber double .tara' Triple' Qn.drup1e'
Any clu.ter.? Nebullll?
~. IIltuatlon of the Trlanrle.' Numher and .Ize of .tara? How lind tbelr lu.lda'
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HISTORY.

The upper or Nortbem Triangle is one ('If the ancient 48 3stuhnDs: and H("veUuI to.,k
three other ltan between it aDd the head of Ariel, to form 'lHanguJ"um mi."",_ The
JaUel' figure, however, I. discontinued, though shown on the ma.p.

TELESCOPIC OBJECTS.

1 a TRU.KGUL1-A brIght nlt'ftTH IIACHnT~E"Aa, with a Telescopic companion i R. A
lb. 48m.ll8a,; Dec. N 28" 4T' OS', A b l,i.yellow; B 11, lilac.

~, £ TalAl'Qcu-A MOlIT DEUCATB DOUBLB BTAa; R. A. lh. 08m. 88•• : Dec. N. 82" SO' fJe',
.lll~, brlghtyello... ; D 111, dWlky.

8. A large aDd diltln ~t .but faint PAL. WHITS RIIB'D'LJ., bet..een the Triangles and thf!
~.ead 01 the NortherD Fi.h; R. A, lh, 24m. Ills.; Deo. N. lllI" Ill' OS". A bright .lar a
iJ.Ltle Dortb·wu&, and Dve othCrilDOre remote in the ealt.

MUSOA (TBE Fr.Y).-MAP II.

tiS. This very mall constellation lies -directly b~tween tho
back of Aries on the south, and the head of Medusa. on the
north. It hll.l! one star of the 2d, two of the 4th, and two of
the 5th magnitudes. An nnimporta.nt II.l!terism, a.ud not a.lways
mentioned in the catalogues, though shown on the map.

TELESCOPIC OBJECTS.

1. A FIlCl: J)()UBL. STA.1l over the back of Aries, nearly midway between the Pleiades ano.
fI Andromed.. ; R. A. 2h. 81m. 20•• ; Deo. N, 26" 22' 02". A 6, pale lopu; B 9, light bh....
An e...y otUeot.

2. a HuscAl-a roARSR QUlllRUPLB BTAB, In lhe bOOy 01 thB IIgure, and formlDg Ito
Alcida; R. A. 2b. 4Om, 840.; Dec, N. 26" 8lI' 09'. A 8, "'hlle; B 18, deep blue; 011, lurid,
II 9, pale Fe,. BoLb LbeBe olUeo18 ....e uBually clluo.ed .. belonging to Arle••

OETUS (TBB WHALR).-MAP II..

54. As the whale is the chief monster of the deep, and the
largest of the aquatic race, so is it the largest cOllstellation in
the heavens. It occupies a space of 50° in length, E. and W.,
with a ml'an breadth of 20° from N. to S. It is situated below
Aries and the Triangles, with a mean declination of 12° S. It
IS represented as making its way to the E., with its body below,
llld its head elevated above the equinoctial ; and is six weeks in
Jassing the meridian. Its tail comes to the meridian on the 10th
)f November, and its head leaves it on the 22d of December.

55. This constellation contains 97 stars; two of the 2d mag­
.Iitude, ten of the Sd, and nine of the 4th. The head of Cetus

HiSTOBT.-Whlch ancient' Who formed the other' Now recognised, or not r
TKLESCOPhJ OBJECTS? Double stars' Nebulre'
')8. S!t;:,!":.tton of )IU8CR' Stan' Relative importance' 1& It alway& recognIsed 88 a

~·ln8~llatloll' M. Cetus' Compara.tive si!i;:' l' Sitnatiou? How represented?
~. Nwnbel .3r Itarll' Magnitude.' llu'" 'J1""!" the beu of Cflh~ b'J 'known' nrillhte,'
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1U1I.1 be-Yl'ladily distinguished, abc::t 20° S. E.of Aries, bymeana
of five rtmarkable stars, 4° and 5° apart, and so situated as to
form a regular pentagon. 'l'he brightest of these is Menkar, oi
the 2d magnitude, in. the nose of the Whale. It occupies the
S. E. angle of the figure. It is 3io N. of the equinoctial, and
15° E. of EI Rischa in the bight of the cord between the Two
Fishes. It is directly 37° S. of Algol, and nearly in the same
direction from the Fly. It makes an equilateral triangle with
Arietis and the Pleiades, being distant from each about 23° S.,
and may otherwise be known by a star of the 3d magnitnde in
thll mouth, 3° W. of it, called Gamma, placed in the south mid­
dle angle of the pentagon.

56. Nil, is a star of the 4th ma.gnitude, 4° N. W. of Gamma,
and these two constitnte the S. W. side of the pentagon in the
bead of the Whale, and the N. E. side of a similar oblong' £.~N
ill the neck.

Tllree degrees S~ S. W. of Gamma, is another star of the 3d
magnitude in the lower jaw, marked Delta, constituting the E.
side of the oblong pentag-on; and 6° S. W. of this, is a noted
star in the neck of tile Whale, called Mira, or the "wonderful
star of 1596," which forms the S. E. side. This variable star
was first noticed as such by Fabricius, on the 13th of Augnst,
1596. It changes from a star of the 2d magnitude so as to
become invisible once in 234 days, or about 7 times in 6 years.
Herschel makes its period 331 days, 10 hours, and 19 miuutes ;
while Hevelius assures us that it once disappeared for 4 years;
so that its true period, perhaps, has not been satisfactorily deter­
mined.

The whole number of ltaro aleerlamed Ie be uriabl. amount. Ie onl7 15; whUe thOle
"hich are lIuspected to be variable, amount to 81.

57. Mira is 7° S. S. E. of EI Rischa, in the bend or knot,of
the ribbon which connects the Two Fishes. Ten degrees S. of
Mira, llre 4 small stars, ill the breast and paws, about 3° apart,
which form a square, the brig-hte~t being on the E. Tell degrees
S. W. of Mira is a star of the 3d magnitude, in the heart,
called Baten Kaitos. which makes a scalene triangle with tW(.
other stars of the same magnitude 7° and 10° W. of it; :;.1so,
:1.11 equilateral triangle with Mira and the easternmost one ill
die Ilquare,

.tar? POlition I Nam.? 56. Si.e and POlilion of Nu? Delta? Mira I Posillon?
~el·ulill.r;ty f When, and by whom first noticed! Period and extent or variability'
Wh11e lIIunber of ,ariabie ,tara? ~1. BatPn KaJJ.lM 1 rosition with regard to" lIlt.,
r.....ther .tarl ,
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A areat Dumber of geomelTicai IIpT" may be formed frGm Ille Iltan In lh1lI, and ..
mOlt of the other cODatellation., merely by reference to the maps; but it 'is better that
Ule .tuden' ahould exercise his own Ingenuity in this way with r.e!erence to the stan
themaehes, for when once he hal CODltructed a Il'0up Into any leUer or~e of hiI 01l'D
Invention, he never will forget it.

T!:. leach.r ohould therefor. reqaIre his cluo to commit to wrltiol!' th. reoalt of Ihelr
own oboeTVatlons upon the relaliv. posltioo, maguitud. and fIgur.o of Ibe principal Olar.
In each CODlltellatioD.. One evening'. exercise in &hi. way will disclose to the student a
ourprising multitude of ."._.., oquar.., 'ria"lfioa, arc. and ~o, by wbleb h. will be
better able to identir,. and remember them, than by any tns: ructions that could be given.

For exampl.: Mira and Balen in th. Whale, aboul 10' apart, make up th. B. E. 01
aborter side of aD irregular square, with El RiachB in the node of the ribbon, and another
8taT In the Whale .. far to the right DC BateD, &8 El Rischa II above Mira. Again,

There are three stan or .qual magultude, forming a strall!'h' lIoe W. of Balen; from
wblch, to the mlddl. staT Is 10', th.nc. to th. W. one 12'" and 8" OT 9' B. of tbi.lIne.
In a tTiangulJ" direction, Is a bTighlstar of th•••cond magnltud. in th. coU of th. tall,
called Diphda.

Til a ooutherly dlreclioo, 2/1' below Dlphda, I. Alpha in the b.ad of th. Phenix, and
.boul the sam. dlotancc B. W. Is Fomalhaut, in th. mouth of the South.rn F1ob, forming
lOtIether Ii large lriangl., with Diphda In the v.rtex or top of II.

That flne cluster of small stan S. of tile UtUe square in the Whale, constitutes a part
"f a n.w couot.natlon caUed tit. 01>ymical }1IuNl(J(JlJ. Th. two stan N, IL, and th.
u..... to th. southward of th. IIltl. equar., are in tlte riverE~.

HISTORY.

This constellation Is of v.ry .ar1y antiquity: Ihough most wrllen consider II lb.
famoul sea-mouster sent by Neptune to deyuur Andromeda because her JT" ;Ier Cassia-­
pela had bouIed henelf falr.r lhan Juno or the Sea Nymphs; bUlolain .J 1'eTs.118 ana
placed among the .WI in honor of hi. achievemenL

"The winged hero now descends, noW' soars,
And at his plea.ure the vast monster gores.
Deep in hiB back, swift stooping from above,
His crooked sabre to the hilI h. drove...

It i. qaJteo certain, however, that thi8 CODRteUation had a place in the hea1'en8 IODr
prior to the time of Peneul. When the eqUinoctial lun In Aries, which is right over the
bead of Cctus, opened the year, it wall denominated the Pru8NJer, or Dt!UrJertJr, by the
Idolaters of the EasL On t.hia account, accordint[ to PaUS&DiUB, the sun was worlhipped..
at KJeusis, under the name of the Pr4Hr'fJtJf" or &J'f)iour.

U With gilla pulmonic breatheR the enormous whale,
And .ponts aquatic columns to th. gal.;
Sports on the Ihinlng wave at noontide hOUTI,
And shifting ralnbowo .r..1 th. rising ohowen."-Da.....w..

TELESOOPIO OBJEOTI!.

1 {3 OIlTI-A DOlIIILIIll'I'.lB; R. A. Ob. SlIm. 848.; D••• B. 18' iiI' 9'• .llllf, y.llow; n Ii.
pale blu••

2. }' OIlTI-A CLOS. DOlTIIL. s7.lBln Ih. Whal.'s mouth; R. A. IIh. Mm. 018.; D••. N.
l' 88' Ii'. A 8, pal. y.now; B 1, Incld blu.; the colon IIn.ly contrasled.

8. v A DOUBU STA. in the Whal.'o .y.; }' R. A. 2b. 111m. lIlIB. ; Dec. N. "M' Ii'• .l'lf.
pale yellow; B Iii, bin••

4. A LOIIG 1I.lB.OW III1BULA, of a pal., milky tint; R. A. Ob. 8l1m. 4ll0.; D.c. B. 26'
10' 1'. It Is situaled In Ih••pace eonth of th. laU of C.lus, n.ar a lin. drawn from
a Andromeda to {3 Oell. Discovered by MIll. H.rICbel, in 1188.

Ii. A PLAIIII'I'.lBY IIl1BllLA; R. A. IIh.19m. 2lis.; Dec. B.1° iiI' 6"; In th. middle of the
Whale's neck. •

6. A BalGHT BOUlln 1IlIBt:LA; R. A. 1h. 28m. 90s.; D.c. S.1° 41' 8". Rell'1Btered ky S!r
W. Herschel, 11M. It Is Jnsl above th. Whal.'o back.

-----------
HIBTORY.--Antlquily? Its orlglnll1 nam.? Wh.n, and why? Whalwor.blp ID _

"':~P1C OBJIICl'lI.-B.ta? Gamma? Nu? Nebullll ,



'PERSI!:US, ET CAPUT MEDUSA:.

1• .&. BOIOOl S'I'BLL.l.B 1OllUL.I., near d In the Whale·.lo....er Ja...., and ahout 211l' trom )i­

on a line towards € t or south by west. A very distant objec:t, clused by Sir W. Henc'..1.at l

as 910 time. as distant as stars of the f1r.t magnitude.

PERSEUS, ET OAPUT MEDUSJE.-MAP lIt. AND IV.

58. PERSEUS is represented with a sword in his right hand,
the head of Medusa in his left, and wings at his feet. It is
situated directly N. of the Pleiades and the Fly, between
Andromeda on the W. and Auriga on the E. Its mean decli­
natiun IS 46° N. It is on the meridian the 24th of DecembeI'.
It contains, including the head of Medusa, 59 stars, two of
which are of the 2d magnitude, and ¥>nr of the 3d. According
to Eudosia, it contains, including the head of Medusa, 67 stars.

------..... Perseus next,
Brandishes high in heaven his sword of flame,
And holds triumphant the dire Gorgon's head,
Flashing ....Ith lIery snake. I the .tar. he counta
Are fl'iJl:ty-BiJfJM,. and two of these be boasts,
Nobly refulgent In the slJC01Ul rank-
One in his vest, one in Meduaa'B head."

:>9.-THE HEAD OF MEDUSA is not a separate constellation,
out forms a part of Perseus. It is represented as the trunkless
head of a frightful Gorgon. crowned with coiling snakes, instea~

of hair, which the victor Perseus holds in hilt-hand. There are,
in all, about a dozen stars in the head of Medusa j three of the
4th magnitude, and one, varying alternately from the 2d to the
-ith magnitude. This remarkable star is called Alg(Jl. It is
situated 12° E. of Almaack, in the foot of Andromeda, and may
be known by means of three stars of the 4th magnitude, lying a
few degrees S. W. of it, and forming a small triangle. It is on
the meridian the 21st of December j but as it continues above
the horizon 18 hours out of 24, it may be seen every evening
from September to May. It varies from the 2d to the 4th
magnitude in about 3t hours, and back again in the same time j
after which it remains steadily brilliant for 21 days, when the
~ame changes recur.

TIle periodical variation of Algol ....as determined In 1788, by John Goodrlcke, of York
(Eng.), to be 2 days, 20 hours, 4S minutes, and 66 seconds. Dr. Herschel attributes the
varjable appearance of Algol to spots upon its sudace, and thinks it has a motion on itl
axis similar to thl\t of the BWn,. He also observes, or variable atan generally :_u The
rotary motion of the sta.rs upon their axill is 8 capital feature in their resemblance to
the sun. It appears to me now, that we cannot refuse to admit luch a motion, and that
indeed it may be as evidently proved &1 the diurnal motion of the earth. Dark spotll,

M. Perseus? How represented' When on the meridian 'P Number of 8t"'I'II' Stu'
01. Head of Medusa! How represented? Number of atars' What rem~rkable c,.,
8ituati"n f Variableness and period r WheD and by whom 'Jeolerulia.d' SUPPOled
tause or variauility P La-Iand"r

2*
/



~I(j AloTROl'l()}\ j'.

or lar,e portion. of the .urfaee Ie•• lumlnon. than the re.t, turned alterualel7ln eertal.
directions either toward, or from UB, wilt account (or all the phenomena of periodical
chaoges In the ]uslrf" of the I1tan, 80 latisfactorHy, that we certainly need DO&' look oul
rOT afJy other cause.1t

It Is said that the famous &lItronomer LAlande, who died at Pari. in 1801, was wont t~

remain whole nightl!:, in hil old age, upon the PO'IU NtfUtf, to exhibit to the curioll! the'
variations in th" brilliancy of the ilL"r Algol.

60. Niue degrees E. by X. from Algol, is the bright star Alge­
nib, of the 2d magnitude, in the side of Perseus, which with AI­
maack, makes a perfect. right augle at Algol, with the open part
towards Cassiopeia. By mealls of this strikingly perfect figure,
the three stars last mentioned may always be recognized without
the possibility of mistaking them. Algenib may otherwise be
readily distinguished by its being the brightest and middle one
of 0. number of stars lying four and five degrees apart, in a lar~e

lreuPcircular form, cnrving towards Ursa Major.
Algenib comel to the meridian OD the 21st December, 1~ minute. after AJgoI, at which

time the latter is almost directly overhead. -'''·hen these two Bun are on the meridiaDI
that beautiful cluster, the Pleiades, is about hair an honr E. of It; and in short, the
most brilliant portion of the starry heavens Is then visible in the ea.tern hemisphere.
The glories of the scene are unspeakably magnificent i and the student who flxes hlB
eye upon those lofty mansions of being, cannot fail to covet a knowledge of their order
and relations, and to Il revert;nce Him wbo made the Seven Stars and Orion.1I _

61. The Milky Way aronnd Persens is very vivid, being undoubt­
edly a rich stratnm of fixed stars, presenting the most wonde!
fnl and sublime phenomenon of the Creator's power and great­
ness. Kohler, the astronomer, observed a beautiful nebula near
the face of Perseus, besides eight other nebnlous clnsters in dif-
ferent parts of the constellation. .

The head and .....ord of Perseus are exhibited on the circumpolar map. That ve.,
bright .tar !S. E. of AlgoI,II Capella in the Charioteer.

HISTORY

Perseus wall the BOn of Jupiter and Danae. He was no !!loaner born than he WaJ cut.
Irta the sea, with his mother i but being driven on the coasts of une of the i.dands of the
Cyclades, they were rescued by H. fisherman, and carried to Polydectel!!, the king of the
place, who treated them with great humanity, and intrusted them to the care of the
priests of Minerva's temple. Hi! rising gellius and manly courage SOOIJ made him a
favorite of the gods. At a great feast of Polydectes, all the T_obIt:s were expected tQ
pr~sent the king with a superb and beautiful horse; but Perseus, who owed hi15 beuefac·
tor mud:. not lIdshing to be thought lcss muniflcent than the rest, engaged to bring him
the head of Medusa, the only ODe of the three Gorgons, who was 8uLjt>ct to mortality.
The names of the other two were Stheno and Euryale. They were reprt"lIentetl with llIcr
pents wreathing round their ht;ads Instead of hair, having yellow wings and brazen
hRnd!'!; their bodies which grew indissolubly together, were covered with impenetrable
scales, and their very looks had the power of turning into stones all those on whom
the,)' fixed their eyes.

'J'o equip Perseus for this perilouB enterprise, Pluto, the god of the Infernal regions,
lent him his helmet, which had the pOWH of rendering the wearer i"\visible. Minerva,
t.he ~odde8s of wisdom, furnished him with her buckler, which was as resplendent ae a
"oUshed mirror; and he received from :&Jercurr wings for bis feet, and a dagger made

60. Algenib? Ho.... kno ....n? When on the meridian? Where, then, are the PI.ladea P
,vhallhe general alpeet or tbe heaven.? 61. Mlll<y Way arouud Peneua P Ob.erv.
lion of Kohler?

UUITORT.-Wb.O wal Peneu.' What fate at birth.lc.'



I'ERSEUS, ET CAPUT MEDUSlE.

,,! dl.l'-"'~" Tbtll1 equipped, he mounted Into the aIr, conducted by MiruTI., and caIDt:
oron tl.C' D.H,ulterR who, with the watchful snakes about their heads, WCft! all asleep. He
IlPPl'oac~ec. ~~ ..m, and with I. courage which amaced and delighted )Jinerv8, cut. ol!' with
one blow :Medusa's head. The noise .woke the two immortal sisten, but Pluto'. helmel
reudered Pet!tt:iU wvisible, and the vengeful pursuit of the Gorgons proved fruitleas.

01 In tbe mirror of his polished shield
Reflected, saw MedWl& slumbers take,
And not one serpent by good chance awake;
Then back ward an unerring blow be sped,
And from b.r body lopped al onc. b.r head."

Ppraeua them made his way through the air I with Medulla', bead let reeklnr In hi::
hand, and from the blood which dropped from it &8 be tlew, t1prang all thole innumerabk
ulpenu that have ever since infested the sandy deserta of Libya•

•' The victor Perseul, with the Gorgon head,
O'er Libyan Bands biB airy Journey aped,
Th. gory drop. di.lilled, a....irt h. 0....
And from each drop envenomed serpent.8 srew."

The d••lracllon of Mednn rend.red Ih. nam. of P.rseWl Immortal, and be "u
changed into a cOl-stellation at his death, and placed amODI{ the stars, with the head of
Medu.s by hi••id..

TELESCOPIC OBJECTS,

1. a PERSEI-A FINE DOUBLE RUR; R. A. Sh. 12m. 56•. ; D.c. N. 49' 17' 2'. A 2lt, brll
\ Iiant lilac i B 9, cinereous. This is .Algenib, in the hero'. kft Bide.

2. f3 P.""", or Algol; R. A. 2h. 51m. 4&.; Dec. N. 41' 20'. A variable DOU1lLB ••...L
A 2 to 4, whitish; B 11, purpll'. The former variel in brightnes8 periodically, from the
!d 10 the 4th magnilude, Rnd bock again to Ih. 2d magnilud., period being 2<1. 20h.48m.
~8.; an object of great interest.

8. y PERHKI-A WIDE UNEQUAL DOUBLB STAB in the bero's left 8houlder; R.... Ih.lS8m.
14•. ; Doc. N.62· 52' 4·. A 4, Ou.h.d ..hile; B 14, cl.ar blu•.

4. d PUS.&I-A B.alGBT STAll with a companion In the hero'l hip i K. A., 8h. 81m. 8&.;
D.c., N. 41' 16' 2'. AboulS' .0ulh-..e.1 of a P.....1. A 8lt, ..hil.; B 11, pal. blne.

6. e Pns",-A IIIAT DOUBLE BTuinlhe right kne.; R. A. 8h. 41m. OBo,; Dec.N. 811'
82' 4'. A 8lt, pal...hlle; B 9,liIac; a line d.licate obj.cl.

6. ; P.Il8K1-A nELICATE QUADRUPLE BTU; R. A. 8h, 44m. OIl•• ; Dec. N. 81' 24 2'.
A 8"', flushed white; D 10, smalt blue; C 12, ash-clliored; D 11, blue. It IIlituated in
the right foot, and is deBlgnated by Smyth al Iii an elegant group."

1. 1/ PER"",-A Pili. DOUBLE MAR In Ihe head of Ih.llgore; R. A. 211. SlIm. OM.; Dec.
N. 6.~·18·/J·. A 5, orange; B 8~, SOllilt blue; the colon in fine contralt.

8. A QORQKOU\I CLUIITD In the ...ord handl. of P.r••u.; R. A. 2h. 0Sm. 158a.; D<c. rl.
66' 24' 4". II ms:r b••oeD ..IIb,th. nak.d .:r., and ..h.n ••en Ihroogb a good telc.cope,
bono of Ih. mosl magni!lc.nl objeclJlln Ibe heaTen.. Map VIII., Fig. 211.

9. An BDusn'...urn RIeD CL[T3TER on the right side of Perseus, in B rich portion of
Ihe galaz:r. R. A. 8h. 04m. 010.; Doc. N. 46' 81' U·. Smyth says "'I ba. a galhering
spot about " ia diameter, where the star-dust giowl among minute pointe of llgbt.."
Herschel 8.78, U the large stars are arranged in line. like interwoven Ienerl.

10. An ELOIIQUBIl IInl1L.l; R. A. 2h. 80m. 2lls.; Deo. N. 88' 21' 8·; .nppo••d to b. s
,..sl ring, •••n obliqu.ly. Map VIII., Fig. 26.

11. A pretty compreued OVA.L OROUP OF STARS, in the left knee of PeneUl, neart, mU·
<tay b.I....n A. and ,.; R. A. 8h. 158m. 110.; Dec. N. 4U' 04' OIl·. A ...U·marked objecl,
lurrounded bl a cu"e of larger It&TI, 80mewbat in the form of the Jetter D. Map vm.,
Fig. 21.

TRL""""Plc 08JBC'lll.-Alpba? Bela? Gamma f D.lla? Ep.llon 1 ZetA? EtA ,
CIUilil~r.' Nebula? Which ahowD OD the map'



4STKONOMY

CHAPTER III.

OONSTEIJ.ATIONS ON THE lIIERIDIAN IN JANUllY.

TAURUS (THE BULL).-MAP m.
62. TAURUS is represented in an attitude of rage, as if aUl-lIt

to plunge at Orion, who seems to invite the onset by provlX'l\­
tions of assault and defiance. Only the head and shoulders of
the animal are to be seen; but these are so distinrtly marked
that they caunot be mistaken.

The canotellatlono ...hleh pa.. our meridian 10 Ih"e monlhs or January, February anti
lIarch, preBent to 118 'be most brilUant and lnterelling portion of the heavens; embr&l!.
10, an &Dnual numb.r or otaro or the hlgb.sl order and Lrlghln.... &11 00 conoplcnouol1
Illualed. thaI U1e most Inexperienced can euily lraee them oul.

63. Taurus is now the sewnd sign and third constellation of the
Zodiac j but anterior to the time of Abraham, or more than
4000 years ago, the vernal equinox tOuk place, and the year
opened wheu the sun was in Taurus; and the Bull, for the space
of 2000 years, was the prince and leader of the celestial host.
'I.'he Ram succeeded next, and now the Fishes lead the year.
The head of Taurus sets with the sun about the last ot May,
when the opposite constellation, the Scorpion, is seen to rise in
the S. E. It is situated between Perseu!l and Auriga on the
north, Gemini on the east, Orion and Eridanus on the south, and
Aries on the west, having a mean declination of 160 N.

64. Taurus contains 141 visible stars, including two remark­
able cluster!> called the PLEIADES and HYADES. 'I.'he first is now
ou the shoulder, and the latter in the face of the Bu1l. The
names of the Pleiades are Alcione, Merope, Maia, il:lectra,
Tayeta, Sterope and Celeno. Merope was the only olle who
married a. mortal, and on that account her star is dim among her
sisters. Althongh but six of these are visible to the nat-ed eye,
yet Dr. Hook informs us that, with a twelve feet telescope, he
~aw 18 stars; and Rheita affirms that be counted 200 stars in
tllis small cluster. "For its appearance through an ordin.ury tele­
scope, see Map VIII., Fig. 28.

The mOlt &Dclent authors, mch &s Bomer, AttalulI, and GemiDUI, counttd. only ..
l'ldades; but Simonldes, Varro, PUny. Arata., HipparchWl, &Dd PtoleD11', r.1ton then.

62. How 18 Taurus represented f How mach of him Been l' What cOlllteUallonl mOBt
~rmlant f 68. In ...hat BiUn io TauTus? Whal conotellatlon? Ho... 4000 Jean ago?
Whal next led the year? Whal no... ? Al whal time does Tauruo oet ...iU"" Ihe oun?
110... situaled? 64. Ho... many visible otars In Taurus? eluolon? Ho.. oltnaleclf
Names of the Pleiades1' Wl.a.t lIIaid of Merope1' How maoyot tlJ8 1Jleiadc.J vi.ibletc
'he naked tyP.? Dr. Hook and Rhett" 'P Ancient aathon l'



I"AURUS. ., I

Jeven in number; a1J.d It W&8 &slerted, that the seventh had been seen before the buru·
log of TroT; but this diJference might arise fl"Om the difference in distingwshing them
with tho nakod oyo.

65. The Pleiades are so called from the Greek word, 7TAEE£1f

plain, to sail; because at this season of the year, they we.re
consid~red " the star of the ocean" to the benighted mariner.

Virgil who 1I0urished 1200 ,ears before the Invention of the magnetic needle, say.
that tbe stars were relied upon, in the first ages of nautical enterprise, to guide the rudfl
bark oYer the leas.

UTnnc alnos primum fluvii seDsere cavatas i
Navita tum stellis nbmeros, et nomina fecit,
Pleiadas, Hyadas, claramque Lycaonis Areton."

II ThEm tint aD seas the shallow alder swam;
Then sailors quarter'd heaven, and found a name
For every flX'd and every wand'ring star-
The Pleiades, Hyades, and the Northern Oar."

Tho same poet also, .scribes Pallnurua, the renowned pilot of the Trojan 1I.0t, a,
"alehing the face or the nocturnal heavens.

U Siders cuncta notat tacito labentla erelo,
Arcturum, pluvissqne Hyadas. geminosque Triones,
Armatumetue aura clrcumspicit Oriona."

I. Observe the stars, and notes their sliding course,
'lhe Pleiades, Hyades, and their wat'ry force i
And both the Bears is careful to behold,
And bright Orion, arm'd with burnished gold."

Indeed, t.hls sagacious pilot was once 80 Intent in gazing upon the stan whUe at the
helm, that be fell overboard, and was lost to his companions.

U Headlong he fell, and struggling in the main,
Oried out tor helping hands, but cried in vain."

66. AkyO'T£e, of the 3d magnitude, being the brightest star 111

this cluster, is sometimes called the light of the Pleiades. 'rhe
other five are principally of the 4th and 5th magnitudes. The
Pleiades, or, as they are more familiarly termed, the seven stars,
come to the meridian 10 minutes before 9 o'clock, on the even­
ing of the 1st of Jauuary, and may serve in place of the Sull, to
indicate the time, and as a guide to the surrounding stars.

Thus, in all
ror !leason•."

Pliny says that Thates, the Mitetan astronomer, detennlned the cosmic&! setting of
the Pleiades to be £6 days after the Buwmnal equinox, This would make a diJJ'erence
between the settJng at that time and the present, of 86 days, and 8S a day answers to
".bout 59' of the ecliptic, thule days will make 84- 2:)', This divided by lobe annual pre­
cession (50,,"), will give 2465 years since the time of Thales. ThUl dOOl astronom,
become the paren t or chronology.

AccordJug to Besiod, who wrote about 900 years before the birth of our Savior, tht
bell"""l rising of the Pleiad.s took place on the 11th of May, about the time of harvest

"When, Atlas-born, the Pleiad stars arise .
Before the sun above the dawning ttkies,
'Tis time to reap; and when they sink below
The morn-illwnined west, 'tis time to sow."

ages, have the. stars been observed by the husbandman, for U signs anrl

" 611. Why Pleiades so called? Remark, and quotations from Virgil r 66. What .ald
of AlcyontJ' or the nt,her five r When on the meridian? Serve what purpo.e? Peri'Jd,
and remark of Heslod r or Pliny r What calcuilltion r..pocting the pat...... of tho
Ph,Sa«J.til .iTer the meridian'
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If it be borne in mind that the starl uniformly rise, come to the meridtan, and "ct alm'll
tour minut~8 earlier every succeeding night, it will be ,"cry ea.sy to uet~rll1ine at .....hat
time thtt Beven atsrs past! the meridian au allY night 8ub.dfquent or antecedent to tht!
ht of January. For example: at what time will the seven lItarli culwinate un Ule 5th
of Ja.nuary P IluJtiply the b dKYS by 4, and take the relult from the time they culmlnat.
In tbe 1st, and it will givejlO winutt:s after 8 o'clock in the evening.

67. The Pleiades are also sometimes called Vergilia, or thtt
Ii Virgins of Spring ;" Uecause the sun enters this cluster in the
" scason of blossoms," about thc 18th or May. ;He who made
them alludes to this drcumstance when he demands of Job:
" Caust thou bind the sweet influences of the Pleiades," &c-·
(Job 38: 31.)

The Syria" name of Ihe Plelade. I. SuccotJ&, or SUC(J()th-1k1wth, derived from a Ch..1·
daie word, which lignifies U to speCUlate, to obllerve," and the UHen or Succ".th"
(2 Kinp 11: 80) bave been thence con.idered observers of the :ltan.

68. The Hyades are situated 11 0 S. E. of the Pleiades, in the
facc of the Bull, and may be readily distinguished by means of
five stars so placed as to form the lettcl' V. (Map YIIL, Fig.
29.) The most brilliant star is on the left, in the top of the
letter, and called Aldebaran; from which the moon's distance is
computed.

u A ltar of the first magnitude illume.
His radiant head; and of the second rank,
AnuUIt:r beaD1s Dot far remote."

The ancient Greeks counted styen in this cluster:-

II The Bull's head shines with seven refulgent Barnes,
Which, Grtcia, Hyades, from their 6lu1uJ~rifI,{Jnames."

69. Aldebaran is of Arahic origin, and takes its name ftolI'
two words which signify, "He went before, or led the W8J"­
alluding to that period in the history of astronomy when this
star led up the starry host from the vernal equinox. I t comes
to the meridian at 9 o'clock on the 10th of Jannary, or 481,
miuutes after Alcyone, on the 1st. When Aries is about 21'
high, Aldebaran is just rising to the east. So MANIUCS :-

II Thus, when the Ram hath doubled ten degrees,
And Join'd seven more, then rise t.he Hyaded."

lline lllJt· E. N. E. or Aldebaran will point out a bright .tar of the 2d magnitude In
tI. .!I extremity or the northern horn, marked Beta or EI Nath; (this star Is also in the
foot of Auriga, and is commOD to both constellations.) From Beta in the northern horn,
to Zda, In the tip of the southern horn, it is 8-, tn a southerly dlrectlun. Thi! Itat
rorrns a right angle with Aldebaran and Beta. Beta and ZetlL, then, in the button of the
borns, are in a line nearly DfJl·th Rod south, 8- Rpal t, with the brightest on the north
l'lu,t very briiJht star 11~· N. of Beta, is Cu.pl:lla, in the "CoD5tdlation Auriga.

G1. What other name have the Pleiadt:s, and why? Citatiun from Job' Syrian name'
68. \Vhere are the Ilyudf'8 lIitunted' How known' "~here the most brilliant nar'
Name? Are they.hown on the map? 69 Origin and import of the name AI.ddw.ranr
When does it come to the meridian at 9 o'clock p.m. 'f 'Vhere is Beta' In wiJat other
co:ntellatioD' Zet.'\, and itl distance' How situated with reference to AJ..:.",barlm. aaJ
Bela? Bow ~~ta and Z.u? C.pella'
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HISTORY•
.",ccoTding to the Grecian mytllO)ogy, this is th:. animal which bore Europa over tJ.,

'l!:lS to that country which derived from Ilt~r its name.. She was the uaughtel" of Age'10r
Anrl princess of Phrellicia. She wasso beautiful1hat Jupitel' became euamouredof her
and assuming the shape oC a snow·white bUll, he mingled with the herds or Agenor
white Europa, with her female attendanf.$, were ga.thering flOWt')'s in the meadows.
F.uropa care~··8ed the bnautiful animaJ, aud at last ha.d the couragt: to lit upun his bac·k.
Th~ god now took advanfage oC her situation, and with pl"ecipitate steps retired towa.rds
tile shore, and crossed the sea with Europa UpOD his back, and arrivcu safe In Crete.
Some suppose she lived about 15:>2 years before tlJe Christia~ Era. It iii probable, howev~r,
tllst this cODlteliation had a place in the Zodiac before the Greeks began to cultivate Do
knowledge of the stars; and that it was rather an invention of the Egypti3.DS or Oh&l­
deans. Both the Egyptians and Pprl'\ians worshipped a deity under this figure, by the
name oC Apis; and Hdzoni is said to have found an embalmed bull In one of the Dotable
acpulchres near Thebes.

In the Hebrew Zodiac, Taurus is ascribed to Joseph.
The Pleiades, according to fable, were the seven daughters of Atlas and the nympn

Pleione, who were turned into stars I with their sisters the Hyades, on account of their
Rmiable virtues and mutual affection.

Thus we everyWhere find that the ancients, with all their barbarism and Idolat!"]',
entertained the belief that unblemished l"lrtue and a meritorious life would meet their
reward ill the sky. Thus Virgil represents Magnus Apollo &1 bending from the sky to
J,ldres. the youth lulu.:-

U Macte nova vil·tute puer; sic itur ad altra;
niis genlte, et genitur" Deos."

"Go aD, spotless boy, m the paths of virtue i it 18 the way to the Itars i offspring of
the gods thysdf-so shalt thou become the father or gods."

Our disgust at their ~uperstitinns WRy be in some measure mitigated, by seriousl)
rt:fiecting1 that had some of these personages lived In our day, they had been orna­
ments in the Christian Church, and models of socIal virtue.

TELESCOPIC OBJECTS.

1. a TACKI (..4.kUbara1l)-A .tar or the first magnitude with a tele.coplc companIon
R. A. 4h. 26m. 44•. ; Dec. N. 16'10' g'. A 1, pale ro,e tint; B 12, .ky blu•.

2. {3 TAcal (El Nath)-R. A. 5h. 16m. 11 •. ; Dec. N. 28' 28'. A fln.ll ,tar, with.
distant companion. A 2, brilliant white i B 10, pale grey.

8. y TAcit/-One or the Hyade,; R. A. 411. 10m. 415.; Dec. 11" 14' 1". A bright star,
with a distant telescopic companion; A 8Xi , yellow; B 11, pale blue.

4. 7J TACKI (..4.lcyotl<l}-One of the Plelade,; R. A. 8h. 81m. 51•. ; Dec. N. 23' 86' 8·,
A 3, greeni!lh yellow; H, pale white and distant.

5. A nDULOUS 'TAK; R. A. 8h. :19m. 06•. ; Dec. N. 80' 20' 5'. A .t" of the eighth
magnitude, with a faint luminous atmosphere surroundin~ it, and about S· In diameter.
This star and nebula l~d Sir William Herschel to adopt tis Nebula 1'heor1, or theory of
cwndensJ\tinn of gal or nebulous matter, Into !'luns an.! worlds.

6. A LABUS NEHULA; R. A. t>h. 24m. fils.; Dec. N. 21- :>4' 2-. It is about one degree
lJorth·west of 'in the tip of the Bull's southern horn. It is ft.n oval (arm, with aeverKi
winute telescopic staTS ill its vicinity. For drawing, see Map VUl., Fig 80.

or the Pleiadetl and Hyadu, two prominent clu~ters, we have spoken at 64, 66

ORION.-MAP III.

70. Whoever looks up to this constellation and learns it,
oamt!, will never forget it, It is too beautifully splendid to need
cI. description. When it is on the meridian, there is then above

lI'BTORY.-Story of Europa and Jnplter? 'Vhat probahility? What said of the
I:gyp~!anll antI PeTl!lians? Hebrew z.odiacs' Fabulous paternity of' the Pleiades' Wh1
.ul"ned into stan' 'What l'eml\rks respecting the ancients? .

TRLRllOOPIC ORJ'CTB.-AJpha f Beta f Gamma! Eta f Nebul",? Point out on th.
enap.

711. What II 5&i~ of Orion? or lh. view when on the merIdic? How il Orion repre
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the horizon the most magnificent view of the cele~tiaI bodiel
that the starry firmament affords j and it is visible to all the
habitable world, because the equinoctial passes through the
middle of the constellation. It is represented on celestial maps
by the figure of a man in the attitude of II.Bsaulting the Bul~

with 0. sword in his belt, a huge club in his right hand, and the
skin of a lion in his left, to serve for a shield.

HaolllUl, a Latin poet, wbo composed live boOD 00 aatrooolD7 a abort tJme before tbe
birth of our Saviour, thus describei its appearance:-

" J'irat next the Twins, Bee great (}ri(m, rise,
Hia arma exteoded Itretcb o'er balf Ihe Ildea'
Hia stride &l! large, and with a steady pact:
He marches on, and measures a vast space;
00 eacb broad Iboulder a bri/lht Itar diBplay'd,
And Ibree obliquely grace biB b&Dging blade.
In hiB vast head, immen'd in boundless spheres,
Three stars, Jess bright, but yet as great, he bears,
But farther ott removed, their splendor's lost;
ThuB graced and arm'd he leads the starry host-"

71. The centre of the constellation is midway between the
poles of the heavens and directly over the equator. It is also
about 80 W. of the solstitial colure, aud comes to the meridian
about the 23d of January. The whole number of visible stars
in this constellation is 78 j of which, two are of the first magni­
tude, four of the 2d, three of the 3d, and fifteen of the 4th.

72. Thase four brilliant stars in the form of a long square or
parallelogram, intersected in the middle by the" Three Stars,"
or "Ell and Yard," about 25 0 S. of the Bull's horns, form the
outlines of Orion. The two upper stars ~n the parallelogram are
about 15 0 N. of the two lower ones j and, being placed on each
shoulder, may be called the epaulets of Orion. The brightest
of. the two lower ones is in the left foot, on the W., aud the
other which is the least brilliant of the four, in the right knee.
To be more particular j Bellatrix is a star of the 2rl magnitude
on the W. shoulder j Betelguese is a star of the 1st magnit.ude,
7tO E. of Bellatrix, O'l the E. shoulder. It is brighter than

- Bellatrix, and lies a little farther toward the north j and comes
to the meridian 30 minutes after it, on the 21st of January.
These two form the upper end of the parallelogram.

73. Rigel is a splended star of the 1st magnitude, in the left
foot, on the W. and 150 S. of Bellatrix. Saiph is a star of the
3d magnitude, in the right knee, 8t0 E. of Rigel. These two
f,rm the lower end of the parallelogram.

sented on tbe map.' How deBcribed by Manllius r 11, Situatloo of Orioo' Number
of visible Itarl r ~la~llitudes r 72. What i. the EU and Yardl What conBUtu!. the
ourline of Orion' Where ia &llat"u,,1 1Jeklgouu~ &Dd magnitude' 18. lUg.'
,';';1,,1&1
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____II Fint in rank
rhe martlal star upon his Ihoulder Dames;
A rival Itar Ilhnninates his foot;
And OJ! hill girdle beams a lumln&r1
Which, In vicinity of other slaro,
Highl claim lhe proude'" honorL"

H. There is a little triangle of three small stars in the head·
I)f Orion, which forms a larger triangle with the two in hi~

shoulders. In the middle of the parallelogram are three stars
of the 2d magnitude, iIi the belt of Orion, that form a straight
line about 3° in length from N. W. to S. E. They are usually
distinguished by the name of the Thru Stars, because there are
no other stars in the heavens that exactly resemble them in
position and brightness. They are sometimes denominated the
Three Ki'TII:s, because they point out the Hyades and Pleiades
on one side, and Sirius, or the Dog-star, on the other. In Job
they are called the Hallds of Orion,. while the ancient husband­
men called them Jacob's rod, and sometimes the Rake. The
University of Leipsic, in 1807, gave them the name of Napoletm.
But the more common appellation for them, incl.w.ing those
in the sword, is the EU aIIul Yard. They derive the latter name
from the circumstance that the line which unites the "three
stars" in the belt measures just 3° in length, and is divided by
the central star into two equal parts, like a yard-stick j thus
serving as a graduated standard for measuring the distances of
stars from each other. When, therefore, any star is described
as being so many degrees from another, in order to determinl
the distance, it is recommended to apply this rule.

It Is necessary that the scholar should t....k his ingenuity only a few .venlnp In appl;'
Ing such a standard to the staro, before he will leam to Judge of their relaU... diotan....
with an accuracy that wIl1 seldom vary a degree from the truth.

75. The northernmost star in the belt, called Mintika, is less
than to S. of the equinoctial, and when on the meridian, is
almost exactly aver the eqnator. It is on the meridian, the 24th
of January. The" three stars" are situated about 8° W. of
the solstitial colure, and uniformly pass the meridian one hour
and fifty minutes after the seven stars. There is a row of stars
of the 4th and 5th magnitudes, S. of the belt, running down
obliquely towards Saiph, which forms the sword. This row i~

also called the EU because it is once aud a quarter the leng~L

of the Yard or belt.

1'. What constitutes the Mad of Orion r What In the middle of the parallelogram r
Namel, and why? "Three stan'U "Three Kings'" uBands 01 Orion," uJacob'.
Rod," Napoleon," .. Ell and Yard r Use of the Ell and Yard r 10. What laid of NifI.
1Ul:a, Of the ~ three ltarl Y" What other row of Ita... r Forml what r Called wbat
aud wh.,?
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76. About 9° W. of Bellatrix, are eight stars, chiefly of the
'th magnitude, in a curved line rUllniug: ~. and S. with the con·
cllvity toward Orion; these point out the skin of the lion in
his left hand. Of Orion, on the whole, we may remark witb
Eudosia:--

.. He ..ho admire. Dol, to tho .tan I. bIlDd.'·

HISTORY.
A.ccordlng to lOme authoritin, Orton was the lIOn of Neptune and queeD Eal'J'ale, a

:amoWi AWaLZonian huntrelll, Bnd pOlJse~!Iing the disposition of his ~ther, be tiecam~
tht'! greatest hunter In the world, and even bouted that there wal Dot aD &uimaJ 011
ea:ttl ..hieb he could not conquer. To punish this vanity, It ill laid that a scorpion
Iprung up out 0" the earth and bit hili root, that he died; and that at til .. request or
Diana he 'IVai placed alllon«, tile 'Jtan directly opposite to the Scorpion that caused hili
deRth. Others say that Orion had no mother, but was the gift of tile 8'0<18, Jupiter,
Ntptune, and Mercury, to a pealant of Bo!Joti~ IU a reward of piety, and that he wu
invuted with the power of walking over the lea WithOLlt we tUng his feet. In strength
and stature he lurpR88ed all other mortal8. He "'as skilled tn the workinl' of lron l from
which be fabricated a lubtcrraneau palace for Vule"n; he al80 walled In the coasts of
Sicily agalolt the inundations or the lea, and built thereon a temple to U. godR.

Orion was betrothed to the daughter of (Enopioll, but he, un,,-iUin« to give up hil
daUl'hter, contrived to intoxicate the ilIu8trioulJ hero and Pllt out hi. e1es, 00 tht" lea·
ahore where be had laid himself down to Bleep. Orion, Hnding himself blind ..hen he
awoke, was conducted by the Bound to a neighboring forge, wheloe he placed one of the
.·nrkmen on hiB back, and, by hi, direction!, went to a place where the rI;illiIll' lun Wail
ken with the#realelt advantage. Here he turned hiB fu,ce toW'u,rd the luminary, and,
as it Is reported, immediately recovered his sight, and hastened to punilh the perfldiou;
cruelty of <Euopion.

As the constellKtioD Orion, which rlsel at noon about Ute 9th day of March, and leU a:
noon about the 2lstof June, is generally supposed to be accompa.nied, at its ritlln,K', with
g1'eat raiua and storms, It became extremel1 terrible to ma.riners, in the ea.rly advl!n'
tures of lIaviga-Llon. Virgil, Ovid, ADd Horace, with Mome of the Greek. poetl, mak4:
men tion of thi.o .

'I.'hu8 Eneas accounts for the ltorm wblch eaBt him on tbe African eout on hilway t ..
lta.ly:-

"' To that blest shore we steer'd nur destined way,
Whtm swlden, dire Oriotl rous'd the sea;
All charg'd with tempests r~e the baleful star,
And aD oW" navy pour'd his w8t'ry ....r. n

To lnduee him to del a,. his departure, Dido's .ilt~.r advises her to
"Tell him, that, charged with delugel of rain,

Orioft, rages on the wintry maln."

The name of this constellation fs mentioned tn the books of Job and A.mos, and Itl

Ullmer. The inspired prophet, penetrated like the psalmist 01 Israel with the omni~

Idt"oce and power displayed in the celestial glories, utters this sublirre inJunction: U Seek
Him that maketh the seven stars and Orion, and turneth the shadow of death iota
l!1orningo" Job also, with profound veneration, adoloes his awful majesty who 'I COlU­
rl'anddh the sun and sealeth up the stars; who alone sprea.deth out the heavens, aDa
Ulsketh AloctUruS, Orion, and Pldades, and the chambers of the 80uth:" and tn aoothe­
f'ia.ec, the Almighty demands of him-u Knowest thou the ordinances of heaven' Canst
rllOU bind the sweet Influences of the Pleiades, or loose the bands of Orton i canst thou
brillit forth )!azzarClth in his BeRSOD, or canst thou gUide Arcturus with hi. sonl f"

C.dmct supPo8e8 that JlaUi..lI'ot/1" is here put for the whole order of celestial bodies Ir
th~ ZodillC, which, by their appointed revolutions, produce the various seasontll of tht
Jt":lr, Dud the Tl'~lllal" IUcct:'8lil;un of day aDd night. Arctul'U8 is the Dame of the priD~

("lpll1 !'\tur ill Roote~, and is lllor"" put for the cOllstellatlon itself. The expres~ion,hUllcm..,
dOUlJtlt"108 refns to A>:;terion and ella.oa, the two greyhoWlds, witb which, he ...ems 10 bf'
pUl'suiug the Great Bear around the North pole.

-----
76o 'Vhllt star.. mentioned west of Bellatrix' Remark respecting Orion'
1I18ToHr.-Stoloy of pannl:tKe? Dil'posilion and boastillg? Punishment? mit'

.:lJer Rf:count? What mention of by Virgil? By Job and Homer' Suppo.Uioa. 0'
CH111a~t' \Yba: Ulcunt 9Y U Arctul"us aod his SOOI '"
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TELESCOPIO OBJECTS.

I, .1 0810..18 (~}-R. A.llh. 46iD. Sa•. ; Dco. N. 7' 2!' S'. A}, oraol. liD!;
8 11, bluish.

2. {3 081ONI8 (Rigel}-R. A. ~h. 6m. 1110 ; Dec. ~. S' 23' /l". A 1, pal. :rellow j B t,
lal'phire blue. MRp YIIl. Fig. S. .

S. } OklONII (B..."l,·...}-R. A. /lh. 16m, s.~s.; Dec. N. 6' 12'. A IIU IU&, with.
minut~ d.'staDt companlun. A 2, pale yelloW'; B l~, gr~y.

'- <l ORIONII (Jli"trtk«}-A coaroe OOUBL< 8UR In lhe lirdle of &he llgure; B. A. lib
28m. 60s.; D~c. 8. O· 26' .-. A 2, white i B 1, pale Violet.

II. c ORI01l18 (Alnitam) 10 lhe centre of his belt; B. A. 1Ih. lISm. 081.; De•• S. I' 18' G'
A 2" I white and nebulous i B. 10, pale blue.

6• .; OalOlIl8 (Ahlll«'.) lhe lall or 10....1 In lhe bell; R. A.llh. 82m. 418.; De•• ~. 2' "'"
A line rJUPL< lua. A 8, lopaa :rello.. ; B 61l1, Ught purple; anI! C 10, gray.

7. A minute DOUBL. STAR and cluster, in Orion'. left band; B.. A. Oh. 69m. 2&. iDe.,.
N. IS' 118' 6'. A 7 lli. B Slli. both lucid white.

8. Another IlOrBLR BTAR 10 a clulter, 10 the left Ihoulder; R. A. Gh. 08m. 8lla.; D.,. N.
II' 28' 9'. A 9111 and B 10, both pale :rello... A tolerubl:r ricb .Iulter, with oumeroUI
atragglers.

9. A PLJ.lI'BTJ.T JlEBUU., of a blui8h white tint., on tbe nape of Orion'. ueek-emall, pale,
but quite diltioct. R. A. /lh. 88m. 210.; Dec. N. 9' 00' 2',

10. Two stars U in a 'WI!PT lII'J:BUU," just above the left hlp; R. A. Dh. 88m. 88s.; Dec.
N. O· 00' 1-. A 8~ a.nd B. 9, both white. A singular mas., between two Bmallat&rs, abol.&
equi-di!!ltant, in a bJankish part of the heavens.

lL The Ga&A.T NKBULA OF ORION-The most conspicuous nebula in all the h~aven•• U
ls situated in the 6word of Orion, helow the middle star of the belt; R. A. ~h. 21m. 23•. ;
Dec. S.~· 80'. For itl position in the constellation Bt:e Ma.p VIl1., Fig. 81. It may be
Been with a common telescope. 'fhere Is an appart'nt upening in one side of this nebula,
through which, 88 through a window, we seem to get a glilDpae of other heavenl, and
brighter regions, (Mup Y111., Fig, 82.)

12'- The middle stal' 10 the s..ord II io th. midst of this nebula. and ..Ith p_erful tele­
.copes is found to be sextuple. The writer has ofwn seen the fifth star wIth a 6-incb
refractor. These Itars constitute the Traptteiunt. oj Om,,_ The region arolUJd tbi.l
nebula ia rich in atarB, as shown on Map V111., Fig. 88.

LEPUS (THE HARE).-MAP III.

7'l'. This constelIatioA is situated directly south of Orion, and
comes to the meridian at the same time; namely, on the 24th
of Tanuary. It has a mean declination 18° S., and contaills 19
"mall stars, of which, the four principal ones are of the 3d magni­
tude. It may be readily distinguished by means of four stars
of the 3d magnitude, in the form of an irregular square, or
trapezium.

78. Zeta, of the 4th magnitude, is the first star, and is
situated in the back, 5° S of Saiph, in Orion. About the same
distance below Zeta. are the four principal stars, in the legs aud
feet. 'l'hese form the square. They are marked Alpha, Beta,
Gamma, Delta.

TKLKllCOPIC OBJIlCT8.-Alphu! Beta! Gamma! Delta, ..... ! What double ltau'
NebuJll'I' Poiut out on the nJap'

77. Location of Lepus? Number and magnitude of stan? HoW' mar it be di.tlu·
lfUu.hed? 18. SJu. &Od 11tuatJou of Zetu! Other principal Itan r How mark..1 OD
\b~ map!
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19. Alpha, otherwise called Anlw, 'and Beta form the .N. W
end of the. trapezium, and are aLout 30 apart. Gamma and
Delt.a form the S, E. end, and are about 2tU apart. The upper
right-hand one, which is ArneL, is the brightest of the four, and
is near the centre of the constellation. Four or five degrees S.
of Rigel are four very minute stars, in the ears of the Hare.

HISTORY.
Thill constellation III B1lualed aboullS' ..esl of the Great Dog, ..bleb, from the motion

of th( earth, leelLl to be purswnglt, as the Greyhounds do the Bear, round the Clreuil
of the Bkies It wal one of those animals which Orion is Baid to haTe delig!:Jted in bunt..
inK', and which, for tbil reMOD, .... made Into a constellation and placed Delli' hlte
among the Btars.

TELEllCOPIC OBJECTS.

I. II LBPORIS (Am«>}-A dllltant "".8U sua; R. A. lib. Illlm. 400.; Dec. S. IT' 116' Oli',
A 8lli, pale ,ello.. ; B lilli, gre,.

2. P LBPOalS (NiJuJI}-A STAB ..lib & di.tllnl tel..coplc companion; R. A..lih. 21m. 280. i
Dec. S. 20' r.8' fllj'. A 4, deep ,ella.. ; B 11, blue.

8. y LIU'OR_A ..Ide TRIPU SUR in a barren lIeld; R. A. lib. 87m. 480.; Dec. B. 22'
80' 02', A 4, lighI yello.. ; B 6l;l, pale green; C 18, dusky.

4. L LuoIU&-A delicate DOUBLS STAB in the Hare'. left ear; R. A. lSh. Mm. Ms.; Dec.
S. 12' OS' 09', A 4l;l, white; B 12, pale vlolel, ..itb "reddisb diBtant star nearly north.

Ii. /( LBPORIll-A clooe DOCBLB OTAB, al the rool oUbe left ear; R. A.lib. lim. lib.; Dec.
S. 18' OS'. A li, pale ..hite; B 9, clear grey.

6. A brlgbt lITBLLAa nBC""', under the lIare's feet; R. A. lih. 17m. llOs.; Dec. S. 24' 89'
OIl'. A line object of a milky ..bite tinge, and blazing to..ards tbe centre. Herocbe',
describes it ..... a beautiful cluster of otan, nearly 8' In diameter, of a globular form.,
and extre~, rlcb." An Imaglnarrline run from Betelguese before a Leporlll, and 0,.'"
iJ. wID bit Ibla objecl aboul4' BOUth-....t at the latter.

OOLUMBA (NOAH'S DOVE).-:M.A.P TIl,

80. This constellation is situated about 16° S. of th,· Hare,
and is nearly on the same meridian with the "Three Stll.r8," in
the belt of Orion. It contains only 10 stars; one of the 2d,
one of the 3d, and two of the 4th magnitudes; of these Phaet
and Beta are the brightest, and are about 2!0 apart. Phaet,
the principal star, lies on the right, and is the highest of the
two; Beta may be known by means of a smaller star just east
of it, marked Gamma. .A line drawn from the ea..ternmost star
in the belt of Orion, 32u directly south, will point out Phaet ; it,
is also llt" S. of the lower left-hano. star in the sqnare of the
Hare, and makes with Sirius and Naos, in the ship, a large equi­
lateral triangle,

79. What otber name bas Alpha; and ..itb Beta ..hat cloel It form' What furth.,
'Jt:8criptlon r .

HIIlTORT,-Why "al Lepus placed In the heaven I ,

TBLSlIOOPIO OBJIIOTll.-Alpba' Beta' Gamma' Iota' Kappaf Nebula'
SO. 8ituatir n ur Columba' NllInber and size of 8tars? The two brightest, and .it\Jalo'

""n' Ho.. lind Ph••t' Whllt llgure doe. it h,·!p 10 form' With ..hat otbcr .tara'



ERlDANUll.

-HISTORY.

Thla couotellatlon III 10 c..Ued In commemoration of tho do.....h ch Noah v Ie, t forlt.
&0 .ee If Ihe ..aters ..er. abated from off the face of the ground," after tho ark ha.t
rested on mount Arara.t. U And the dove c&me in to him in the eTenlnl,aD~ 10, in her
mouth .... an olive leaf plucked olL

--------,,,The surer ,messenger,
A dove oenI forth onc. and again 10 opT
Green tree or ground, whereon his foot may light:
Tbe second time returning in his bill
An olive lea! he brings, paciflo BigD I'·

ERTDANUS (THE RIVEB po).-MAP III

lli. 'l'his constellation meanders over a large and very irregu­
lar space in the heavens. It is not easy, nor scarcely desirable,
to trace out all its windings among the stars. Its ent.ire length
is not less than 1300

; which, for the sake of a more easy refer­
ence, astronomers divide into two sections, the northern and
the southern. That part of it which lies between Orion and the
Whale, including the great bend about his paws, is distinguished
by the name of thll Norther'7/, stream; the remainder of it iii
called th" Southe1"'7/, stream.

82. The Northern stream commences near Rigel, in the foot of
Orion, and flows out westerly, in a serpentine course nearly 400

to the Whale, where it suddenly makes a complete circuit, and
returns back nearly the same distance towards its source, but
bending gradually uown toward the south, when it again makes
a similar circuit to the S. W., and finally disappears below the

. horizon.
Weot of Rige! th...e are live or six stars of the 3d and 4th magnitudes, arcblng up in a

f emi-circular (orm, a.ld marking the jlr,t bend of the northern stream. About S,. below
tbese, or 19' W. of R'l"e1, Is a bright sin" of the 2d magnitude, In the .«lOfId bend of the
~orthem Itream, marlrcd Gamma. This star culminates US minutes after the Pleia.dos,
aod one hour and, & quarter bdore Rigel. Passing Gamma, Hond a Bmaller star west of
It, there are four stars nearly in a row, which bring us to the breast of C··tUB. 8- N. o!
Gamma, is & .mall stal Damed Kled, which is thought by lome to be cons.!.1 ;rably ne&l'oc;t
the earth than Sirius.

Thumim, in the southern stream, III a otar of the 3d magoitude, about 17' S. W. of
the square in Lepus, and may be known by means of a Imaller star 10 above it. Aaher­
nar III a brilliant star of the 1st magnitude, in the extremity of the southern It:eam;
~ut haTing 68- of 8. declinatJoD, can never be Been in this latituje.

83. The whole number of stars in this constellation is 84 ; of
which, one is of the 1st magnitude, one of the 2d, and elevelJ
are of the 3d Many of these cannot be pointed 011t by verbal
descIiption ; they must bt:. traced from the map.

H18TORT.-origin of this constellation 'P
81. _Wbat said of ErldanuI? Length? How divided? s~. Trace the l'iortheru

OfLream' Gammil 'P Tlleemim? Acherma 9 ~S. WhC'l" l1umher of ~tal':J in Rrhlanup'

•



AtlTRONOM¥.

84 In tbl'l upper part of tbe Northern stream, uear tile feel.
of Tanrus, !'lay be seen a modern, but now discarded constella­
tion, of whicb Captain Smyth says: "Abbe Hell (who also
placed He1'llcbel's 'l'elescope among the celestials) has squeezed
in his Ha'Tpa Grorgii, to compliment a sovereign of thoserealm8 ;
uaving filched from Eridanus about thirty or forty stars, some
of the 4th magnitude, for the purpose. ~

HISTORY.
Erlda..u. I. Lh. name of a eel.braled river In Clsalpln. Gaol, al.o call.d PadDl. Ir.

modern name I. Po. Virgil caUa It the king of rivers. The Latin poet. have rendered
it-memorable from Ita connection wHh tb, fable of Phaeton, who, betng & Bon of Phmbul
and Clymene, became a favorite of Venus, who Intrusted him with the care of one of
her temple.. Thil favor of the godde•• made him vain, and he sought of hi. father a
public Bnd Incontestahle sign of hi. tenderneBllI, that should cODv'ince the world or hi•
• rlgln. Phebul, arter some hesitation. made oath that he would graD&: him whatever
be required, and ao sooner wal the oath uttered, than-

"The youth, tr.nsported, asks without d~lRY,

To guld. the .un'. bright charlot for a day.
Th. god r.penLed or tbe oatb h. look,
For anguish thrlc. hi. radiant head h••hook;­
:&17 lon, .a1'8 be, some other proof requJre,
Rash WIU my promise, rash was thy desire­
NoL Joyo hhDl.lf. th. rul.r of Lb••ky,
That hurll the three-forked thunder from above.
Darel try bi8 strength i yet who al 8trong as Jove r
BesideB, con.ider what impeluolU !'o!'ce
Turns stars and planeta in a diD. rent cour.e.
I steer against thdr motions; nor am I
Borne back by all Lh. curr.nt of the .ky:
But ho... could you re.lsL th. orb. Lhat roll
In adverse whirls l and stem the rapid pole 1"

Ph",bua r.pr•••nt.d the dang... to ...hich h. "'"uld b. exposed In vain. Se und...
took t.he alrial Journey, and the explicit direcU.on", of hJa father "ere forgotten. No
looner had Phaeton received the reIns than he betrayed hil Ignorauce of the manner
of guiding th. churlot. 1'he Dying couroers became .eDllble or the conra.lon of th.1I
d:"!.ver, and immediately departed from the ulual track. Phaeton repented too late of
hi. ra!lhnesl, and already heaven and earth were threatened with a universal confla.
gration &1 the consequence, when Jupiter, perceiving the disorder of the horses, struck
the driTer with a thund.rbolt, and hurl.d blm headlong from heaT.n Into Lhe rlT'"
Erldanus. HIB body, cODlumed with fire, was found by the n7mphl of the place, wh<r
honor.d him ...ith a dee.nt bUrial, and inscribed this .pltapb upon bl. lomb:-

..IR: Bit... at Phadon. curr... auriga pat6Nli:
Que"" lit non tenuit, maqnio tamen -ndU a~."

ID••lIters moum.d hi. unhappy end, and ....r. ohanged by JupiLer Into poplar&.
.. All Lhe long night Ihelr mournfal ...atcb th.y keep,

And all Ih. day .tand round th. tomb and w.ep."-OTln.
lL I••ald the Lears ...hlch Lh.y .hed tum.d to amber, ...Ith ...hlch Lhe Phwnlclun.

and Carthaginian", carried on in lecrec7 a most lucrative trade. 1'he (reat heat pro­
duced on the occasion of the Bun's departing out of hi. ulual course, is said to haTe
drl.d up Lh. blood of the I!~Lhiopian.,and Lurned th.ir .kln. black; .....d to baTe pro­
111crd aterutty and barrenness ov~r the greater part of Libya.

"At once from Hfe and from the chariot driven,
Th' aDlblUoDl boy r.1l Lhunder.lruck frem h.ave..."

• • • • • • •
----~------------~~-------

84. Whal diseur<l.d const.llalien mentioned? Is IL on tb. map? Remark of Cupt.
Smyth,?

1I1b-rnaT.-Named aftfor whn.tP l'dod~Tn namt."? F:t.ble or PhR.ctonr ItM pvldrn'
"lll1.:c!J~

•

•
,
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~ The breathless Phaeton, with tlamfng hah,
Rhrt from the chariot like a faUing star l

That in a summer's evening from the top
or heaven drops down, or seems at least to drop,
'lilll)n the Po his blasted corpse "as hurl'rl,
Far from hi. country, in the western world.U

The fable of Phaeton evidently alludes to some extraordinary bt"ah which Wertl
e'XDerienced in a very remote period, and. of which only this cont"used tradition hili
jellcended io later times.

TELESCOPIC OBJECTS.

1. {3 EaJDAJrJ-A "'right star with 1\ distJ.nt telescopic companion, on the Sihtn bone 9~
Orion; R. A. 411. :'9m. 59•. ; Dec. S. :'. 11' 9·. A 3, topaz yellow; B I~, pale blue. Tl.i.
atar is just above Rigel, in the direction of the Hyades.

2. y EJllDAlIl-A star with a distant companion; R. A. Sh. :SOm. Ms.; Dec. S. IS· l>.~'.

A 2lf.yellow; B 10 pale g,·ey.
8. A JlILI[ WBIT. IIJ<BULA; R. A. 8h. 83m. 020. j Dec. S. 19' 04' S'. Pale, distinct, round,

oio.ud brig}, t in the cen tree
4. A PLARIlTARY IIDULA; R. A. 4h. 06m, :SOs. j Dec. S. IS' 09' I'. Abont 4~' from I

In the direction of Rigel. A splendid though not very cODapicuoUi object, of a greyh.b
white color. Map VIII., Fig. 84, represents it in its best aspectl5, highly mRgnifho'i,
with four telescopic stars in Ihe lIeld, two of wllicb polut exaclly towards the nebula.

SCEPTRUM BRANDENBURGIUM (SCEPTRE OF BRANDENBURG/.
MAP III,

85, This is a slender cOllstellation, situated between the tw.)
streams of the River Po. It was constructed by Kirch, in 168t,
aHd recoguized by Bode a century afterwards; but is now gene­
rally discarded, though retained on the map. It is composed of
four stars of the 3d, 4th and 5th magnitudes, rnnuing north alld
south; and is usually included in Eridanus.

AURIGA (THlI: OHARIOTEER).-~IAP III.

86. The Charioteer, called also the Wagoner, is representeri
on the celestial map by the figure of a man in a reclining posture,
resting one foot UpOIl the horn of Taurus, with a goat and hel
kids in his left ha.nd, and a bridle in his right.

It is situated N. of Taurus and Orion, betwl"eIJ Perscns 011

the W. Bnd the Lynx on the E. Its mean declinat'ion is 45 0

N.; so that when on the meridian, it is almost directly overhead
in New England. It is on the same meridian with OrIon, and
cu~minates at the same hour of the night. Both of these con·
~telllltions are on the meridian at 9 o'clock on the 24th of

---_._----
~P1COBncn.-Beta' Ga1Jltna' Nebula' Point out on the map.
!!Ii. DeMrlbe lhe Sceptre of Brandenburgh' Situatlon' When and by whom conltl·

luted! Is it recognized by astronomers' Nilmber and magnitude of Ktan' qt. Bow
I'" Auri«R. represented' Situation? When on the meridian?
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J anuar)', ~nd 1 hour and 40 minutes east of it on the 1st o~

January.
87. The whole number of visible stars in Auriga, is 66,

inclnding one of the 1st and one of the 2d magnitude, which
mark the shoulders. Capella is the principal star in this con­
stellation, and is one of the most brilliant in the heavens. It
takes its name from Capella, the goat, which hangs upon the
left shoulder. It is situated in the west shoulder of Auriga, 24°
E. of Algol, and 28° N. E. of the Pleiades. It may be known
by a little sharp-pointed triangle formed by three stars, 3° or 4°
this side of it, on the left. It is also 18° N. of El Nath, which
is common to the northern horn of Taurus, and the right foot
of Auriga. Capella comes to the meridian on the 19th of
January, just 2t minutes before Rigel, in the foot of Orion.
which it very much resembles in brightness.

MenkaUna, In the eall Ihoulder, Is a olar of Ihe 2d magnitude, 1~' E. of Oapella, an,l
culminates the next minute after Be&elguele, 87 ~. S. of k. ThA4, in the right arm, is a
slar of the 4th magnitude, S' dlrectl7 ooulh of MenkallDa.

It may be remarked &8 a curious coincidence, that the two stars in the shoulders of
Auriga are of the same magnitude, Bnd Just &I rar apart 88 those in Orio~, and opposite
to them. Again, the two star. in the shoulders of Auriga, with the two iu the shoulder.
of Orion, mark the extremities or a long, narrow parallelogram, lying N. and S., and
whose length is just five times ttl breadth. Also, the two atars in Auriga, &Dd the
two in OrioD, make two slender and similar triangles, both meeting in a cvtnmon point,
half way between them at El N'ath, til the northern horn of Taurus.

D.lta, a star of the 4th magnitude In the head of Auriga, Is abont 9' N. of the Iwo In
tbe shoulders, with which It makes a triangle, about half the height or Ihose Juslalluded
to l with the vertex at Delta. The two stars In the shoulders are therefore the base of

.two similar triangles, one extending about 9" N. to the head, the other IS" E. to the heel,
on the top of the horn: both figures together re8~mblingan elongated diamond.

Velta in the head, Menkalina In the right ohoulder, and Thela In the arm 01 AIlI'Iga,
mak" a straight line with Betelgueae tn Orion, Delta in the square of the Hare, and Beta
in Noah's Dove; all being very nearly on the lame meridian, 48 W. of tte lolstitial
,~olure.

"See nexl the Goatherd with his kids; he shinea
With seventy staTS, deductinj( only four,
or which Capella never Beb to UI.
And scarce a star with equal radiance beams
Upon the earth: two other stars are seen

.Due to the second order."-Eudoria·.

HISTORY.
rhe Greeks ~he ",ariouJI aecountB of this constellation; lome Buppo_edit to be Erlr-h­

L.honIUB, the fourth king of Athens, aDd Aon of Vulcan and Minerva, who a..arded him a
plLJe among the constellations on account of his many useful inventions. He wail of h
monstrous ahape. He is said to have Invented chariots. and to have excelled alll)Lher­
In Ihe m&Ilagement of horaes. In alluslou to this, Virgil ha> the follOWing lInes·-

" Primus Erichthoniul curro! et quatuor aUBUS
Jungere equo8, ~pidlsque rotis inlietere vietor."

Georgie. Lib. W. p. 118.
.. Bold Erlehlhonino wa> the lint who Joln'd

Four horses for the rapid race de8ign'd,
And o'er the dusty wheels preoldlng sat."-lhy<t.m..

91. Sumber of sian visible? .~.gnltud. and olluallon of Oapell'" How Imown'
Men kBllnn. Y Delta. compared whh 1'het&?

UI~ron'l.-T:'<' ;:h~ !:.-..;.~,,)vi;il.fIJ,? S~l;lor.t1 f Thilll? OptnioJ. of J&.mit'~on 9
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Other writers say that Boote! inYented the chariot, and tha~ Aurlp wa.s the BOD at
M~rcury, Bnd charioteer to <BnomaU8, king of Pisa, and 80 experienced, that he rendereci
his horses the swiftest in ali Greece. But &8 neither of these fables seems to account fOI
~he goat and her kids, it has been supposed that they refer to Amalthm& and her si!wr
MeU6s&, who fed Jupiter, during hiR infancy, with goat's milk, and that, as 8. reward for
thE"ir kindness, they were -placed in the heavens. But there is no reason assigned for
their being placed in the anus of Auriga, and the inference Is unavoidable, that
mytb'Jlogy Is at fault on this point~

JamtesoD is of opinien that Auriga. is a mere type or BcientiAo .ymbolof the beautiful
f~ble of Pha.eton, because he W&S the attendant of Pbmbus at that remote period when
Taurus, opened the year.

TELESCOPIC OBJECTS.

1. a AU1lIGAI (Oapella}-A. flne star with two distant compaDlona, on the right abouIder­
blade of Auriga; R. A. Oh. Mm. Ms.; Dec. N. 4.')' 49' OJ'. A I, bright white; B 12, pale
blue; C 9, grey.

2. !3 AURIO.... (MerU:lll.m<l)-A bright star in the left Ihonlder, with a distant com·
panion; R. A. Oh. 4jm. 48s.; Dec. N. 44· M' S'. A 2, yellow; B 10~, bluish.

S. A RICD CLUBTBR of minute sta,." on the len thigh; K. A. Oh. 18m. 418.; Dec. N. 86·
44,' 9- A. singular figure, somewha.t like A cr088. Find by a line from Rigel, northwardll
lhrough {3 Tauri, and about j. beyond.

4. A IlK8OL'i'ABLB IiEIIUU; K. A.1lI ,lIOm. 011.; Dec. N. 84' 06' 9'. Situated In a rich
Ileld of minute Itars.

OAMELOPARDALUS (THE OAMELOPARD).-MAP VI.

88. This constellation was made by Revelius out of the
unformed stars which lay scattered between Perseus, Auriga,
the head of Ursa Major, and the Pole star. It is situated
directly N. of Auriga and the head of the Lynx, and or.cupies
nearly all the space between these and the pole. It contains 58
small stars; the five largest of which are only of the 4th mag­
nitude.

89, The principal star lies in the thigh, and is about lWo from
Capella, in a northerly direction. It marks the northern boun·
dary of the temperate zone; being less than one degree S. of
the Arctic circle. 'fhere are two other ~tars of the 4th magni.
tude, near the right knee, 12° N. E. of the first mentioned
They may be known by tlJeir standing 1° apart and alone.

The other atars in this conltel1ation Are too Imall, and too much scattered to lnvit<
~i:'8erTation.

HISTORY.

The Camelopard Is 80 called trom an animal of that name, pecuUaT to EthiopIa. Tlm·
animai resembles both the camel and the leopard. Its body is spotted like that of l~e

\eopard, Its neck hi about seven feet long, Its fore and hind legs from the hoof to Llle
tA:"olld joint, are nearly of the same length; but from the second joint of the legs to the
txKiy, the fore lefts are 80 long in comparison with the hind ones, that no person could sl·,
gpon :ts back without instantly sliding off, as from a horse tharstood up on his hind feet

T&LDCOPIC OB.lB0'P8.-Aipha? Beta P Cluster? NebullE?
88..Origin of Camelopardalu8? Situation and exten t ! Number and siie uf Its il~ r

Of. Wbere is its prin ~ipal star f The Dt>xt t'l'o'o? IhJw known ~

:..iIltToaT.-Any I!lythologicul f1tory? Wbat 8tdd (If tI.e allillJ'~i?

R.r.. ~



TILB:8COPIO OBJECTS.
1. A cl...e DOl71ILIIll'I'..... In tho no.o oC Iho Lynx; R. A. 8h. OTm.llls.; Doc. N. 69' 26' S'

Aboul 60' I'rom Ihe Pole star. On a IIno loward Slrlu.. A 8. and B 1l!i. both while. An
ciolanl but dUlloull object.

2. A .;..ose DOUBLJ: IT.... In tho eya oC tho Lyn". between Duhhl anel Capella; B. A. 8h
ilSm. 01s.; Dec. N. fj9' 81' 6'. AIll!i, geldon 1ellow; B 1. purple. A dolicale and pre.lJ'
,bject.

8. A coarso nIPJ,. IT.... on tho animal's lowor Jaw; B. A, 81.. ll1m. 1lOs.; Dec. N.W
211' 1'. A. 6, orange lInge; B 18, blue; and 0 9. palo garnet,

4. A BOUl'D ..BUL.... In tho Lyn". or fore pa.... oC Leo Minor; R. A. 91.. 14m. 82a.
Dec. N. 8fj' 11' i'. It Is pale ...bito. sparkllnll' In tho centro.

.\:>'1'IIU1\U)I ~ ,

TELESCOPIC OBJECTS.

1. a C,.,II,UJP...RD...LI-A n.alDOrBU: STAR bet....en lhe hind feel of th. animal. half wal
between a Persel and rl in the head of Aunla; IL A. 41>, lim. 28•. ; De•• N. OS' S8 8'
A. 1l!i. "'hlle; B Sl!i. sapphire blue.

I. Another c10ee DOUBLJ: ST...... between tho biDd feel; R. A. 41>. 21m. 18&.; Dec. N. Cll!'
OlI'. A Ol!i. 1ellow; B, 1l!i. palo blue.

8. A 1'e.,. delicale DOUBLJ: STU In 11.0 animal'. hind hooC; IL A. 41>. 44m. ISs,; Doc. N
OS' 211' 8'. A O. while; B 18. orange.

4. A IIno DOUBLa STU in the lower part of tho back oC tho nock; R. A. 41>. 46m. 19••
Dec. N. 19' 01' 8'. A Ol!i,lIghl 10110... ; B 9, pale bluo.

0, A brlghl .....lIft....1' .nuu. of a bluish while lint, about 60' In diameler, in ,!.,
11ud lIank of tho animal. R, A. 41>. OSm. 2911. Dec. N. 60' 28' 0'. A curious bod1. in "
'ich Aeld oC SIIIB1l .tars.

CHAPTER IV,

CON8'l'ELLATIONS ON THE MERIDIAN IN FEBRUARY,

TilE LYNX,-:MAPS III, AND VI.

90. THIS constellation, like that of the Camelopat:d, exhibits
no very interesting features by which it can be distinguished. It
contains only a moderate number of inferior stars, scattered
over a large space N. of Gemini, and between Auriga and UrsB
Major.

91. The whole number of stars in this constellation is 44,
including only three that are so large as the 3d magnitude.
The largest of these, near the mouth, is in the solstitial colure,
Uta N. of Menkalina, in the E. shoulder of Auriga. The other
two principal stars are in the brush of the tail, 3tO S. W. of
another star of the same brightness in the mouth of the Lesser
Hon, with which it makes a small triangle. Its centre is Oil

the meridian at 9 o'clock on the 23d, or at half-past 7 on the IRt
of February.

TJILIll('~P1o OBJBcr8.-Alpha r What other deuhlo otars r Nebula ~

lIO. Describe the Lynx? Situation? 91. Number and sl.e of its stars r Wh~r.!II til.
1,lt'\(ost situated? Th. other t...o principal stars r

T1aJa!mp/o O",,,wrs.-What double st,!Porof TrIple? Nebul/\



G.t;MINl.

TELESCOPlU.M. HERSCHELUI (UERSOHXL'S fELBSOOP&)­

MAP III.

92. About midway between the body of the Lynx and Gemini,
lOay be seen the rude figure of a refracting Teles<:ope, with its
stand. It was made out of a few unformed stars, by Abbb
Hell, in honor of Sir William Herschel, but is now generalh'
discarded. It is reta. ued on the map more as a matter of histon'
than to perpetuate it as a constellation.

GEMINI (THE TWlNS).-MAP III.

93. This constellation represents, in a sitting posture, the twin
brothers, Castor and Pollux. It is the third sign, but fourth
amste1lation in the order of the Zodiac, and is situated south of
the Lynx, between Cancer on the east, and Taurus on the wcst.

94. The plane of the Ecliptic passes through the centre of
Gemini; I and as the earth moves round in her orbit from the first
point of Aries to the same point again, the sun, in the mean­
time, will appear to move through the opposite signs, or those which
are situated right over against the earth, on the other side of her
orbit. Accordingly, if we could spe the stars as the sun appeared
to move by them, we should see it passiug over the constellation
Gemini between the 21st of June and the 23d of July; but we
ncldom see more than a small part of any constellation through
which the sun is then passing, because the feeble lustre of the
stars is obscured by the superior effulgence of the sun.

When the sun Is juot entering the outItnes or a constellation elL8tward, Its eastern limit
may be seen In the evenIng twilight, just above the aettlng sun. So when tbe sun b""
'UTived at the eastf!rn limit ot ~ constellation, the western part ot It may be seen risi0A:
In the morning twilight, just berore the risIng sun. Under other clrcumatancco, wben
the suo Is said to be In, or to enter a particular constellation, It Is to be unde..tood tha&
tbat constellation Is not tben visIble, but that those opposIte to It are. For example:
whatever coustellatlon sets with tbe sun on auy day, It Is plain that the one opposite to
it must be then rIsIng, and continue visIble through the ntght. AllO, whatever constel­
latioo rises and set. with the sun to-day, will, six months .hence, rise at sun-setting, and
set at sun-rising. For example: the sun Is In the centre or GeminI about the 6th 01' July,
and must rise and set with It on that day; consequently, six months rrom that tim.. or
3bout the 4th or January, It will rise In the .....t, just when the sun Is setting In thu
\\·("st, and will come tl) the meridian at midnight; being then exactly oJlposite the aw_
And RO the sta.. gaIn upon the sun at the rate or two hoo.. every month, It follows tlmt.
the centre or this constellation will, on the 11th or February, come to the meridtan throe
hours earlier, or at 9 u'clock in the evening.

The sun tsln the vernal equinox about the 21st or March, !'rom whence It advanoes

92. What sat,l or Hersehel's Telescope I Wby perpetullted on the map I 98. How la
lkt;--.ini repre!entecl? Ita order In the sll(no, &e. I Bitnatlon? 94. How with respect
.. t"'9 Ecllptlc I What result from this ract I What ....marks respecting the sun and

••• •J..~,!l1ationet

•
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Ibrou'" ODe ..... or coalte1latlon eYe..,. laoeeeding m )nth there.l\er; Ind ".at e'.ol.
1IOtWCeUaU- Ja one month In advlUce of the 1Ilg.. of thlt nlwe: heretore, reek,l
l'i8Cea In Mlrch. Ariel In AprU. TallrUiln II"", and Oemlnlln June, belinnlng wIlli
IllCh oonateUatlon a' Ihl Ill&, or IlkI of IlII month.

95. Gemini contains 85 stars, including two of the 2d, three
?f the 3d, and six of the 4th magnitudes. It is readily recog­
nized by means of the two principal stars, Castor and Pollux,
of the Ist and 2d magnitudes, in the heads of the Twin.;, about
4+0 apart.
n"l :'Ilng onl711 udnutea' dlfl'erencl In the lranllt of theoe tw" ltaro over the mer!­

~Ian. the7 wa7 both be considered .. culmln.lIng at g o'clock about the !14th of J'ebra­
~..,.. (;bMc>r,ln tho head of Cutor,ll a ltar of tho III magnitude, .". N. W. of 1'01­
u.s. and II the northernmoet and tho hrlghtal of the t...o. ~ u a Iter of tho lid

magnitude. In tho head of Pollux, IUd II'~' Il. B. of Clltor. Thil II Onl of the ltarl
frow ...hlch the moon'l dlltlUOI II calculated In the Nautical Almanac. ,

--"or the famed Ledean pair,
Onl IDOIt IIIU1trloUi Iter adorUi their oIgn,
And of the IIcond order ablne twin Ugbto."

96. The relative magnitude or brightness of these stars has
andergone considerable changes at different periods j whence it
has been conjectured by various astronomers that Pollux must
vary from the Ist to the 3d magnitude. But Herschel, who
observed these stars for a period of 25 years, ascribes the varia­
tion to Castor, which he found to consist of two stars, very
close together, the less revolving about the larger once in 342
years and two months.

Bradl07 and H..tel7De fonnd that the line JoinIng the t...o ltaro ...hlch form C..ter
...... at &11 tim.. of tho 7ear, parallel to the line JoinIng Caltor and PoUux; .and that
both of Ute former move around a common centre between them, in orbits nearlJ' clrcll­
~r... two baUI attached to a rod would do, If IUlpended b7 a Itrlng alllxed to the cen­
Ire of graTlt7 between them.

.. These men," 1&,. Dr. Bowditch, .. were endowed with a Iharpnes! of Tilton, and Q

po....r of penelral1nllnlo lpace, a1molt nneumpled In the hllto..,. of aalronoW7."

9'1'. About 20· S. W. of Castor and Pollux, and in a line
lIearly parallel with them, is a row of stars 30 or 40 apart,
chiefly of the 3d and 4th magnitudes, which distinguish the feet
of the Twins. The brightest of these is AlM:na, in Pollux's
upper foot j the next small star S. of it, is in his other foot j

the two npper stars in the line next above Gamma, mark Cus­
tor's feet.

Thll row of reet II near", tWOothlrdl of the dlltance trom PoUu.s to Betelgnele In Onon,
8nd a line connectlD, them will Pili throngh Alhena, the princIpal otar In the feet.
About two thlrdo or tbe dlltance f,'om the 1...0 In the head to Ihose ID the feet, and nearly
parallel with them, there 10 another ro... of three oterI about 6' apart, whIch marl< the
kneel.

~, Number of ltan In Oemlntr Magnltudel r How recognIze thll conltellatlon f
What laid or the culmination of C..tor, and of Pollux r !'6, Are they varlabl, r What
4id Bradle,. and Maokel7De ascertain r Remark of Bowditch r 9r. What .onotitulp
~f"'or Gemini f Alhena r How liluated! What mark the A:<&e""
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il8. There are, iu this constehation, two other remarkabl~

parallel rows, lying at right angles with the former june, lead­
ing from the head to the foot of Castor, the brightest star being
in the middle, and in the knee j the other, leading from the

• lIead to the foot of Pollux, the brightest I:ltar, called Wasat,
being in the body, and Zeta, next below it, in the knee.

Walat Is In the ecliptic. and Tery near the center of lite coaltellaUoa. TI.e two su.,".
dfu and Tejat, in the northern foot, are also very' near the ecliptic i Tejat Is a Imallstar
of between the 4th and 11th magnitudes, 11° W. of Mu, and deserves to he noticed because
It markB the spot of the Bummer solstice, in the tropic of Cancer, Just where the Bun 1. 011
the longelt day of lite year. aad IB, moreonr, the diTidinl limit between the torrid and
the N. temperate IIODe.

Prv>PIU, al80 la the ecllptlo,II'" W. ofT'lla&, Is a Itar of oaly the 11th magnitude, but
readerod memorable as beinl the stur which serTed fcr many yO&n &0 detennlne the
I_ilion of the planet Henchel, after lia drst dlICovery.

HISTORY.

Castor &ad Pollux were tw~ hrother&, sonl of Jupiter, by Led&. the wife of Tynd"ras,
kinK' of Sparta. The manner of their birth wal verT singular. The,. were educated I\l
Pallen&, and afterwards embarked with Jason In the oelebratod contest for the ,ulden
deece, a&' Colchla; on which oocasion they behaved with uupar&l1eled courage and
bravery. Pollux diBtingui!hed himself by his achievements In arms and personal
prowess, and CaBtor in equestrian exerciseB and the management ot horses i whence they
are repre8en1ed, in the temples ot Greece, on white boraes, armed with spears, riding
aiue by side, their headB crowned with a petalJu.l, OD whale top glitterl a Itar. Among
the ancient"" and especially among the RomaDs, there prevailed a Bupentition tbat
Cutor and PollUlt often appeared a~ the head of their armies, &ad led on their troopl to
battle &ad to Victory•

.. Castor and Pollux, first tn martial force,
One bold on toot, and one renown'd for hone.
Fair Leda's twlnl In time to slarl decreed,
One fought on foot, one curb'd the dery steed."- Vir,,""

.. Caltor alert to tume tbe foaming lteed,
And PollUlt stroag to deal the manly deed."-.J(arllat

~e brothers cleared the Hellespont and the neighboring seal from plratel afler then
return tram Colchis; from which circumstance they have ever lince been regarded 81
the triends and protecton ot na.vigation. In the Argonautlc expedition during a violent
litorm, it il said two flames ot flre were leen to play around their heads, and immediately
the tempest ceased, and the sea was calm. From this circumstance, the sailorl inf~rred,

that whenever both dres appearod In the skr. It would be fair weather; but when onlr
"me appeared, there would be dorms.

St. Paul, after being wrecked oa the Island of Me1lta. embarked for Rome "In a shl,
':W'hose sign W&II Casto,. and PolZlMlJ ,.n so formed, no doubt, in accordance with the popa..
tar belief thai these divinities preslt\ed over the science and latety or navigation.

They were initiated into the lacred mYlteries of Cabirl, and Into those of Cere8 at
F.1eusiB. They were Invited to a feast at whie'b LYDceul and Ida. were goin, to celebrate
their ouptial8 with Phrebe and Telaria, the da.ughterl of Leucippus, brother to Tyndarus.
':ney became enamored of the daughterl§, who were about to be married, and resolved to
suppla"t their rivals: a ba~tJe ensued, In which Castor killod LrnceU8, and was himself
killed by Idas. Pollux revenged the death of hll brother by killing Idas; bat being him­
self immortal and most tenderlr attuehe.1 to his deceased brother, he was anwillln, to
lurvive him; he therefore entreated Jilpiter to restore him to Ufe, or to be deprived him..
5~lforimmortalitYi Wherefore, Jupiter permitted Castor, who had been 81aio, t<llbare
the Immortality of Pollux; lind consequently as long as the one "as upon earth, 60 long
W:l1 the other detained in the Infernal regions, and they alternately lived and died every
day. JupIter alIa further rewarded their fraternal attachment by changing them bot!:

98. What other remarkable rows of lturs in Gemini? Situation of Waoat, Of 7"Ja4'
Of PrOJllUl'

HlllTOBT.-Myth of the parenlale of GeminI? Their achlevemenla? Romaa sup"ntl­
>J-u. ? That of 8&IIors ? Allusion of St. Paul? i1torr of the fatal woddinW?
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lata II cODileDllllon under the name of U"."ini, 'l'rD11IA, wblch, It IlIl1tranpl,. p...,ta",tood.
DeTer appear toeether, but when ODe rises the other lets, axat 110 OD, alternatel)".

"By tun 8 they visit this ethereal .ky,
And live alternate, Bnd alternate di"."-HOflkW'.

II PlIllus, t.a'erlng his alternate life,
CQuld (ree hia brother, and could dally go
B1' turn. aloft, by turns descend beloW'."- Ylrgll.

Cutor and "PoUux were worshiped both by the Greek. And Romani, who lacrtfh.~~p

."bite laDlM upon their IUara. In the Hebrew Zodiac, the conatetlatlon of the T",'iu-:
refe.. I" &he tribe of Benjamin.

TJo:LESCOPIC OBJECTS.

1. a GDJIIOllllJl (C<Uto,.}-A neat DOUB... BTAIl; K. A. Th. 24m. 2lIa.; Dee. N. 82' I~
A 8. brlghl ...hlte; B 8lf, pale ...bile; ",itk a third star of the 11th magoltude about 72'
dl.tanL A Bln&TY S,.slem, ...ith a probable Period of 28i ,.e..... A beautiful ollleet, and
cadi,. lDand. Hap VUL, Fig. 4.

2. I~ GKIII"OllllJl -A QOAllaerLB IlTAIl In the e,.e of PoIlux, R. A. Th. 8llm. 8Ia.; Dee
N. 28- 2:)' 4-. A 2, orange tiogA j B 12, ub-colored; 0 11, pale violet, with .nothel
minute companion Yi.ible with tile best instrument•.

g. y GIlIlNoaoll (.AlJuma}-A coaroe TaIPL. BTU, In the right foot of Pollux: R. A.
611. 2Sm. 28•. ; Dee. N. 16' 81' S',; A 8, brilliant white; B 18, and C 12, both pale p!U1K
color. It 18 on a line from Rigel to p Gemlnorum, tLnd nearest the former.

I. d G.MI"OIlOIl ( Wa.ai}-A DOOIlLB IlTAIl on the rlgh t hip of Pollux; R. A. Th. 10m.
841.; Dec. N. 22'lG' 8'. A 8lf, pale hlte; B 9, purple.

II. < GBlltBOIlOII (Mi'luaa}-A It..r Ith a diatant eompanlon, on Caator'a right knee,
R. A. 6h. 84m. 008.; Dec. N. 2ll"16' 9'. A 8, ...hlte; B 9lf, eeruleaa blue.

6. ; GBIlI.oaux-A coane ftIPLJlI1'AR on the right knee of pono:; R. A~ 6h. Mm. :.ITs. i
Dee. N. 20' 47' 9'. A 4, paletopal; B S, violet; C 18, gre,..

7. A CLUBTBB, near Ihe right foot of Castor; R. A. IIh. 119m. 011.; Dee. N. 24"21' 8'. A
gorgeous field of ltar. from the Uth to the IGthJllagnitudes.

8. A CLeSTBB In the ealf of Pollux's right leg; R. A. 6h. 111m. ll6a.; Dec. N. IS' 10' II'
A faint angular group of estremel,. lmaD lta",la a rich reglou, butaeea ...Ith dlllleulty.
s.:e Map VIII., Fig. 8ll.

9. A COMPIl188BD CLUBTBB under Ihe lett I!'oalder of Pollux; one-third Ihe dlatanee
from {J Gemlnorum, to /3 Cania Mlooria; R. A. Th. lIBm. 1I7a.; Dee. N. 21' M' T'. A
lalat ollleet aboul12 In diameter, with a omaD ltar Dear &he centre. Hap VW., Fig. 86.

CANIS MINOR (THB LITI'LlI: DOG).-MAP III.

99. This small constellation is situated about 5° N. of the equi­
nuctial, and midway between Canis Major aud the Twins. It
contains 14 stars, of which two{) are very brilliant. The brightest
star is called ProcyfJ'Tl,. It is of the 1st magnitude, and is about
4° 8. E. of the next brightest, marked GOlfldza, which is of the
3d maguitude. These two stars resemble the two in the head
')f the Twins. Procyon, in the Little Dog, is 23° S. of Pollux
1I1 Gemini, and Gomelza is about the same distaIlce S. of Castor.

100. A great number of geometrical figures may be formed
of the principal stars in the vicinity of the Little Dog. For
;:xample: Procyon is 23°. S. of Pollux, and 26° E. of Betel-

TBLIlllCOPIO OBJBCT8.-Alpha? Beta, Gamma' Della, .te.' Cluste.. ? Whie!>
.mown on the map'

99. Where 10 Canll Minor sltullted? Number of starB' Name of brtghtell' Mag-
,HUller Next brighte.t' What do thele t ...o reoemble' 100. Whal laid of geowa
.Ieal flgur." r Of the name p,.'''''VUJt' Ito import?
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~uese, a.nd forms with them & large right-a.n~led triangle
Again, Procyon is equi-distant from Betelguese and Sirius, and
forms with them an equilateral triangle whose sides are each
about 26°. If a straight line, connecting Procyon and Sirius,
be produced 23° farther, it will point out Phaet, in the Dove.

PrOCTon Ia orten taken for the name of the Little Dog, or for the whole con.tollation,
:us Sirius is for the greater one; hence it ta common to rder to either of theBe con.tel...
lations by the name or its principal star. Procyon comes to the meridian 68 mJnutp­
,ifter Sirius, aD the 24tb of February; although it rises, in this latitude, about halt BD

hour b'lftn'e it. For this re&8on, it 11'&8 called ProcrOA, from two Greek word. which
.lgnifT (.Ante Can..) .. before the dog."

HISTORY.

The Little Dog, accordIng to Greek fable, i. one of Orlan'. hound.. Some ouppo.. II
reterl to the Egyptian god Anubi., which wu reprelented with a dog'. head; othen tit
Diana, the goddess of hunting; and athen, that it la the faithful dor MEra, which
belonged to Icaru., and discovered to hia daughter Erigone the place of hi. barial.
Others, again, say it is one of Actawn's hounds that devoured their master, after l'iau!\
had transformed him into a stag, to prevent, &8 she said, his betraying her.

n This said, the man began to disappear
By slow degrees, and ended In a deer.
TraDsform'd at length, he flies away in haste,
And wonders why he flies 80 !'w;t
Rut a8 by chance, witilln a neighb'rlng brook.,
He ssw his branching horns, and alter'd look,
'Vretched Acteon! in a doleful tone
He tried to speak, but only gave a groan;
And as he wt:pt, within the watery glaBs;
He aaw the big round drops, with silent pace,
Run trickling down a savage, hairy tace.
What should he do? or seek hi. old abodes,
Or herd among the deer, and skulk in woods'
As he thus ponders, he hehind him spies
His opening hounds, and now he hears their crlel.
From shouting men, and horns, and dogs he flie8~

When now t:le fleetest of the pack that press'd
Close at his heels, and sprung before the rest,
Had fastened on him, straight another pair
Hung on his wounded side, I,nd held him there,
Till all the pack came up, and every hound
Tore the sad huntsman groveling on the ground. II

It I. not difficult to deduce the moral of this fable. The lelfl.hness and caprice or
!Jun.an friendship furnish daily illustrations of it. While the good man, the philanthro­
pist, or the public benefactor, is in a.ftluent circumstances, and, with a heart to devil!le,
has the power to minister blessings to his numerous benetldlaries, his virtues are the
general theme; but when adverse storms have changed the ability, though they could
not shake the will of their benefactor, he is straightway pursued, like Actmon, by his own
bounds; and, like Acueon, he is U torn to the ground" by the fangs that fed upon his
bounty.

It is moat probable, however, that the Egyptians were the inventors of this COn·
Jt!llation, and al it always rises a little before 'the Dog Star, which, at a particullu
leallOn, they 10 much dreaded, it is properly represented aft a little watchful creel'
t;ur,~, giving notice l!ke a faithful sentinel of the other's approach.

TELESCOPIC OBJECTS.
1. a Cum MmoR's (l'rocyon)-A bright star in the loin. of the Jog with a dis tan

ompa"..n; R. A. Th. 80m. 66.; Dec. N. 6' 81" S·. A 1If, Tellowish white; B S, orange
into beveral small staro in the fleld.

------------,--
HISTOBY.-What is the I.ittle Dog supposed to represent! Fable of Act::.,un t I".

uwral? Who probably invented this c.onsteJ1Htion 'II To rt'preAent what l'
TF.LF.~COPIC OBJECT'3.-Alpha? Beta? Double Rtar f Triplt' 'It
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9. (3 0,""8 M",~aI8 (Go",,,uIlI}-A wide '!'IUPLS 8Tn In theneek; R. A. Th. I""'.~
:lee. N. S" 86' 4'. A 8, white; B 12, orBnl!"; C 10, Ooshed-the IB.t oo&roelJ' d,oble ,,1111
::)De or the same magnitude. Other stan in the field.

8. A close DOIJBLIll STAR, in a ftne vicinity in the loin1 ; R. A. Th. 81m. 81s. i Dee. N. ft­
;m' 7-. A 1, white; B 8, ash ..colored. with 110 minute blue star 2' dista.nt.

4. A ""lOB TRIP'" 8TAa, O' S. E, of Procyon; R. A. Th. 0001. 0Ss.; Dec. N. 2" 38' S·. A
~. pale while; B S, bloloh j C 9, bloe.

MO~OCEROS (TUB UNIOORN).-MAP Ill.

101. This is a modern constellation, made out of the unformed
3tars of the ancients that lay scattered over a large space of
the heavens between the two Dogs. It extends a considerable
distance on each side of the equinoctial, and its centre is on the
same meridian with Procyon.

102. It contains 31 small staTS, of which the seven principal
ones are of only the 4th magnitude. Three of these are situ­
atl·d in the head, 3° or 4° apart, forming a straight line N. E.
and S. W. about 90 E. of BeteJ!!,uese in O~ion's shouldlJr, and
about the same distance S. of Albena in the foot of the twins.

The rem3ining stars in this constellation are scattered over a
large Space, and being very small, are nnworthy of partieular
notice.

HISTORY.

The Monoceros ill a specie! of the Unicorn or Rhinoceros. U is about. the sJse o! t\
horse, with one white horn growing out of the middle of ita forehead. It is said to e:J:ist
ID the wlldo of Ethiopia, and to be very formidable.

NaturBlIsts SBy lbBt, when pursued by tt.e huulers, II precipitates Ilself from the
tops of the highest rocks, and pitches upon its horn, whicb sustains the whole force of
it! fall, so that it receives no damage thereby. Sparmann informs us, that the figure 01
the unicorn, described by some or the ancients, has been found delineated on the surfa""
or a rock in CatJrarfa; and thence conjectures that luch an animal, instead of being
lab1U0U8, WI lOme suppose, did once actually exilt in Africa. Lobo affirms that he has
seen it.

The rhi1lOOB7''''', which Is Bkin to It, 10 found In Bengal, 81am, Oochlo OhIDB, parI of
China Proper, and the isles of Java and Sumatra.

TELESCOPIC OBJECTS.
1. A most delicate DOUBLB STA.B (f), in the Unicorn's eye; R. A. Gh. 26m. 08s.; Dec. N.

T" 41' 00'. A 6, yellowish white: ii 16, dusky. A difficolt objecl.
2. A neat DOUBLR STAa (b), In the nostrll. T~' eBot of Belelqu_; R. A. 6b.l11m.1Ts.;

Dec. N. 4' 40' 01'. A l;~. gulden yellow i B 8, iliac.
8. A Oue TRIPLX 8UR in Ihe right fore-leg; R. A. Oh. 21m. Ms.; Dec. 8. 6" ll6' 01". A

6~, white; B 7, and C S, both pale white. A ray shot from the Bull's eye through Bella..
trix , and rather more than as far aga.In, will pick it up. Supposed by Herschel to be &
triple ~y8f,e"., periods A B 11,000 y.. B C 1000. Shown double only on lbe OIap of
the constella.tions. Telescopic view, Map VIII., Fig. :>.

4. A delicate TRIPLE STA., in a magnificent stellar 6eld, between the Unicorn's ears'
R, A. 6h. 32m. 1Os.; Dec. :'i. 10· 02' 02'. One-third the diotance from Prooyrm 10 AI.u­
~al·a1:'. A 6, grec~ish; B 9~, pale grey; C 15, blue. A fine objecL

101. CharBcter Rnd sItuation of Monoceros? Extent? 102. Number Bnd .Iae of Ilr
ata... ? How three of the largesl situated?

H'8ror.r.-What sBid of the Bnlmalltself? Is It not wholly fBbuloos 1
TBLUCOP'~ O"'Btrrs.-Double atars? Triple' Any shown on the mIW?



CAN III MAJUIt 5!!

CANIS MAJOR (THE GREAT DOG).-MAP ill.

103. This interesting constellation is situated southward aJJ
eastwRrn of Orion, and is universally known by the brilliance
of'ts lJriucipal star, Sirius, which is apparently the largest and
brightest in the heavens. It glows in the winter hemisphere with
a lustre which is unequaled by any other star in the firmameut.
Its distance from the earth, though computed at 20 milliollli
of millions of miles, is supposed to be less than that of any other
star: a distance, however, so great that a cannon ball, which
flies at the rate of 19 miles a minute, would be two millions of
years in passing over the mighty interval j while sound, moving
at the rate of 13 miles a minute, would reach Sirius in little less
than three millions of years.

It may be sho....n in the lame manner, that a ray of light, which occuplet only 8 minutes
a.nd 18 Beeonda in camill( to us (rom the SlID, ....hlch I. at the rate of nearly t....o hundred
thousand miles a Becond, would be 8 years and i!2 days in paaBlng tbrougb tbe ,.,.st space
that lies between Sirius and the earth. ConBequently, were It blotted h'om the heavenl,
Its light would oontlnue visible to us for a period or 8 years and 82 dar' a!ler It bad
:eased to be.
l! tbe ..earoot stan give Bucb ...tonlohlng resulls, what shaD we say or thole wblcb "re

situated a thousand tim..... tar lJevond these, ... these are from ... r

104. In the remote ages of the world, when every man was
his own astronomer, the rising and setting of Sirius, or the Dog
Star, as it is called, was watched with deep and various solici­
tude. The o.ncient Thebans, who first cultivated astronomy in
Egypt, determined the length of the year by the number of its
risings. The Egyptians watched its rising with mingled appre­
hensions of hope and fear; as it was ominous to them of agri­
cultural prosperity or blighting drought. It foretold to them
the rising of the Nile, which they called Siris, and admonished
them when to sow.

105. The Romaus were accnstomed yearly to sacrifice a dog
to Sirius, to render him propitious in his inflnence upon their
herds and fields. The eastern nations generally beheve<! the
rising of Sirius would be productive of great heat on the earth.

TbUi Virgil ,-
__" Tum st.erlles exurere Sirius agrOI ;
At1!ebant herb", et Tictum segellElgra negabat!'
--"Parched was tbe gr"'B, and blighted ...... the com:
Nor 'acape the beasts; for Siriue from on high,
Witb peBmential beat inreols the s;,y."

100. Sltustion or Canis MaJor r How known r Snppol\ed dillano. or Sirius r m_
trated by the speed or a cannon ball r or ligbt r 104. How w... Sirius ..garded by·.b•
• "dents r UI. made of It by the Thebanl r ThE ERYplianl r 100. Praotice of II..
Ilo,",'LIlsr

3*
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lOG. Accordingly, to that season of the year when Sirius rOlle
with.the sun and seemed to blend its own influence with the
beat of that lnminary, the ancients gave the name of Dog-days,
'" Diu caniculo: is.) At that remote period the Dog-days com­
menced on the 4th of August, or four days after the sumnier
solstice,'aud lasted forty days, or until the 14th of September.
.A t preseut the dog-days begin on the 3d of July, and continue •
to the 11th of August, being oue day less than the ancients
reckoned. •

107. Hence, it is plain that the Dog-days of the moderns
have no reference whatever to the rising of Sirius, or any other
star, becanse the h1fll of their rising is perpetually accelerated
by the precession of the eqninoxes: they have reference then
only to the summer solstice, which never changes its position in
respect to the seasons.

Tb. time or Sirius' rislug varl•• with the latitude or tbe place, aod In tbe same latitude,
i. sensibly changed after a course of yearl, on account of the precession of the eqt..~nuxea.

This enables U8 to determine with approximate accuracy, the dates of many event. of
8UtiQUity, which cannot be well determined by other record.. 'Ve do Dot know, for
.natance, in what precise period or the world Healod o.ourisheu. Yet he tells us in his
OptJra tJt DIu, lib. Ii. v. 186, that ArcturU8 in bi8 time rose heliacany,60 days after the
winter loLBtice, which tht:n wa. in the 9th degree of Aquariu8, or 89- beyond its present
ptI:dtion. NoW' 890

: 6O~-=2794Y"&r. siDee th~ thae of Heaiod, which corre.ponda ver7
..early with blstory.

108. When a star rose at sun-setting, or set at sun-rising, it
was called the Achro-/ticfll rising or setting. When a planet or
star appeared abovc the horizon jnst before the sun, in the morn­
ing, it was called the Hdiacal rising of the star j and when it
sunk below the horizon immediately after the sun, in the evening,
it was called the Hdiacal setting.

According to Ptole1D)", .tan or thefl"st magnitude are seeo rising aod setting wbeo the
BUll i. Ii- below the horizon; atan of the 2u magnitude require t.he BUll'. depre88ioD \0
be lS-; atars of the 3d magnitude, 14', and BO on, allowing one degree (or ea.ch 1Jl&4I1I..
t.ude. The rising and Betting or the Btars deBcribed In this way I since this mode of
descriptloo orteo occurs In Hesiod, Virgil, Colwuella, OVid, Plioy, .l:c., are called po.UJal
riding and BettIng. They served to ma.rk the times of religious ceremonies, the Beu....~
:\llotkd to the several departmeots or husbaudry, and tbe overilowing or the Nile.

109. The stndent may be perplexed to understand how the
Dog Star, which he seldom sees till mid-winter, should be asso­
Ciated with the most fervid heat of summer. This is explained
by considering that this star, in snmmer, is over our heads ill
We dayti1fll, and in the lower hemisphere at night. As" thick
the floor of heaven is inlaid with patines of bright gold," by day,

106. Origin oflbe phrase Dog-day" Wheo did tbey begin 10 tbe time or Virgil? At
....hll.t time now 1 107. What inference from theBe facts P What variation in the tim.:!
~(Slrlus' rlslog' What calculatloo by knowing the time wheo Sirius ro.., at any period t
J.l5 Wbat are th• .Ack,.<JJHcal and H.~iacal rioiog or setting or a star or planet? R.­
,nar" or Ptolemy 10 regard to rblng aod setung or tbe stars' 1011. How Is It til:..
iirhu & WlDtlr .tar, 1.1 &8HCiated with ~e beat ,)f' Bummer'
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•18 by night j bnt on account of the superior spleudor of the HUll.

we cannot see them.
110 Sirius is situated nearly S. of Alhena, in the feet of thc

Twins, and about as far S. of the equiuoctial liS Alhena is N.
of it. It is about 10° E. of the Hare, and 26° S. of Betel
guese in Orion, with which it forms a large equilateral triangle
It also forms a similar triangle with Phaet in the Dove, ami
Naos in the Ship. These two triangles being joined at their
vertex in Sirius, preseut the figure of an enormous X, called by
some, the EGYPTIAN X. Sirius is also pointed out by the direc­
tion of the Three Stars in the belt of Orion. ItM distance from
them is about 23°. It comes to the meridian lrl 9 o'clock 011
the 11 th of February.

Ill. Mirzam, in the foot of the Dog, is a star of the 2d mag­
nitude, 5io W. of Sirius. A little above, and 4° or 5° to the
left, there are three stars of the 3d and 4th magnitudes, forming
a triangnlar figure somewhat resembling iJ. dog's head. The
brightest of them, ou the left, is called 1VIuliphen. It entirely
disappeared in 1670, and was not seen agaih for more than 20
years. Since that time it has maintained a steady lustre.

112. Wesen is a star of between tile 2d and 3d magnitudes,
In the back, 11° S. S. E. of Sirius, with which, and Mirzam in
the paw, it makes an elongated triangle. The two hinder feet
are marked by Naos and Lambda, stars of the 3d and 4th
magnitudes, situated about 3° apart, and 12° directly S. of the
fore foot. This constellatiou contains 31 visible stars, including
one of the 1st magnitude, four of the 2d, and two of the ad i
111 of which are easily traced out by the aid of the map

HISTORY.

lIaniliuI, a Latin poet who flourllhed In the Augultan age, wrote an admirable poem.,
: '1'1'e OOOkl, upon tbe fixed Ita", In which be thus Ipeaks of thl. conltellatlon :

II All others he eseels; no fairer llght
Ascends the aldea, none sets 10 clear and bril'ht.II

....: EtmosJ.l belt delcribel It-
.. Next shlnel the Dog with Ilxt:r.four distlnel i

Famed for pre·eminence tn envied 80ng,
Theme of Hom6No and VirgiUan lays;
His fierce mouth flames with dreaded Sirim;
Three of his stars retire with feeble beams.tI

..t1COllL·\:~to lome mythologists, this cODl!tellation represents one ef Orion's boundl"',
,Lleb ...& ll.\Ct"d in the sky, Dear this celebrated huntsman. Others say it received ita
.'-IDe Iu tn",r of the dog given b:r Aurora to Cepbaluo, wbicb lurpalled In speed aU th<

110. IW..·.!}......f Sirlul? What trianglel? 111. POlition aM .ile of Mir"".. ~
ther aLan. 1 {.J·u ,hen? 112. 'VeseD! What other stars? Whole number!
H....,..)l~\-. --l\ ;',J. "I:JUBic&1 desc.-dption of Canis MaJor 1 l\-·hllt tlirferent accountl n!' at

rlgin?
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r\lh1Dal. of latl epeelH. Cepbalul, it t. laId, attempted to prove thi8 b.T runniur him.
aplnst a fox, lI'hlch, at that tim~, wal thouKht ttJ be the fleetest of a.ll 81Ima.:!!. After
lbey had run torether a long time, without either of tht>m obtaining the victory, it t­
8aid that Jupiter walt 80 lUuch gratifled at the lleetnes8 of the dog, that he assigned him
a place in the heavenl.

But the name and form of this constellation are, no doubt, deriyed from the }:gyp..
tian., who carefully watched Ito rI.lng, and by It judged of the ....elling of the Nile,
whicb tbey ca.led Siril, and, in their hieroglyphical manner of writing, siuce it was, all
it wer~, the sentinel and watch of the year, reprfisented it under the figure of a dog.
l'hey obl~rved that when Sirlua became visible in the east, jaIl before the morning dawDt
the overllowing of the Nlie immediately followed. Thus it w&rned them, like & flLith!lll
dog, to escape trom the region or the inundatioD.

TELESCOPIC OBJECTS.

1, .. Cum M.&.JoRl8-A brilliant star, with a distant companion; R. A. 6h. 88m. 06s.;
vee. S. 16" SO' 1. A I, brilliant white; B 10, deep yellow. odler dl&tant small .1.an IJll
the 1I,ld.

I. d CAKIS MA.lolU&-A .tar with a d1.tant companion In the loin. ; R. A. Th. Olm. liSs. ;
Dec, S. 26' OS' 6·. A S~,light yello... ; B 1~, v.... pale. Other .mall .tars in the !leld,
A line fromB~. through ffiriUllntercepls It 12' below the latter star.

8. e CAKIS lIAJOSIB (Adhara)-A .tar ...Ith a dl.tant companion In the belly; R. A
dh. ~2m. 20.. Dec. S. 2!l' 4l)' ~'. A 2~, pale orange: B 1, violet. Found by running"
line from tbe middle of Orion'. belt throU/lb {3 just we.t of Sirlu., to about 14' beyond
the latter fltar.

4. A CLIlSTD In the back of the head; R. A. 6h. 6Ilm. 10•. ; Dec. S. 18' 29' 2'. Tole­
...bly compre••ed; .tars of the Sth to 11th magnitude., of ...blch the four principal
~orm the letter Y.

ll. A CLlllITD between strIus and Monocero.; R. A. Ih. 10m. SIlo.; Dec. S. Ill' 21' 4'
Stars principally of the 10th magnitude. Diacovered by Mi•• Her.chel in 11811

CRA l')TER V.

CONSTBLLATIONS ON THB MERIDIAN IN KARCH

ARGO NAVIS (THE SHIP AHGo).-MAP III.

113. THIS constellation occupies a large space in the southern
hemisphere, though but a small part of it can be seen in the
United States. It is situated S. E. of Canis Major, and may
be known by the stars in the prow and deck of the ship.

114. If a straight line joining Betelguelle and Sirius, be pro­
duced 18° to the southeast, it will point out Nnos, a star of the
2d magnitude, in the rowlock of the ship. This star is in the
S. E. corner of the Egyptian X, and of the large equilateral
triangle made by itself with Sirius and the Dove. When on the
meridian, it is seen from this latitude about 8° above the south-

---- ----"----
TRLI!OCOPIC OBJECTS.-Alpha? Delta? Ep.non? What clusters?
118. Size and situation of Argo Navis' Ho.... knl'wn f :14. How tmu Fa.-.J• • tltJ

",th'n" ~ihlR:h:,·t? lInw Ilillh wt't'n on the mp"'cll'I'l' •



.~RGll NAVIS.

ern horizon. It comes to the meridian OIl the 3d of March,
about half an hour after Procyon, and continues visible but a
few hours.

~ 115. Gamma, in the middle of the ship, is a star of the 2d
magnitude, about 7° S. of .Kaos, and just skims above the south­
ern horizon for a few minutes, and then sinks beneath it. 'l'he
principal star in this constellation is called, after oue of the
pilots, Canopus; it is of the 1st magnitude, 36° nearly S. of
Sirius, and comes to the meridian 17 minutes after it j but haY·
ing about 53° of S. declinatIOn, it cannot be seen in the NortherT1

States. The same is tme of Miaplacidus. a star of tIle ht lJla~1 i­
tude in the oars of the ship, about· 25° E. of Canopus, and 61"
S. of AlphaI'd, in the heart of Hydra.

An "bserver in the northern hemisphere, can Bee tlle stars 8.8 many degrees south of
the equinoctial in the southern hemisphere, as his own la"jtude lacks or 90-, and nf)
more.

116. Markeb, is a star of the 4th magnitude, in the prow of
the ship, and may be seen from this latitude 16° S. E. of Sirius,
and about 10° E. of Wesen, in the back of the Dog. This staI
Dlay be known by its forming a small triangle with two others
of the same magnitude, situated a little above it, on the E., 3"
and 4° apart.

117. 'fbis constellation contains 64 stars, of which two are
oj the 1st magnitude, four of the 2d, and nine of the 3d. .Most
of these are too low down to be seen in the Uuited States.

HISTORY.
This coustellation is intended to perpetuate the mlmory of the famous ship wllich car­

ried Jason and Ids 54 companioDs to Colchis, when they resoln~d upon the pcrilul15
e'Apedition of recovering the goldtm fleece. The derivation of the word .Aryo has been
often disputed. Some derive it from Argos, supposing that this was the name of the
person who first proposed the expedition·, lind built the ship. Others maintain that it
'II'a8 built at Argos, whence its n&me. Cicero calls it Argo, because it carried Grecians,
commonly called Argives. DiOt'lorus derives the word from cipyo., which signifies sl.Oift.
Ptolemy says, but not trulY1 that Hercules huilt the shiP1 and called it Argo, after a son
of JKBon, who bOI'e the same name. 'l'hilJ ship had fifty ORr'S, and being thus propelled
iDnst have fallen far sbort of the bulk of the smallest ship craft used by mod~l·ne. It i:;
even sa.id that the crew were able to carry it on their backs from the Danube to the
Adriatic.

According to many authors, she had a beam on her prow, cut in the forest of Dorlona
by ltlinerva., which had the power of giving oracles to the Argonauts. This ship wa"l th~

first, it is said, that ever ventured on the sra. After the expedition was ftni8hed, 8url
Ja~on had returned in tdumph, he ordered her to be drawn Hshore at the isthmus of
Corinth, and consecrated to N~ptune, the god of 1I,e sea.

Sir Isaac Newton endeavors to settle the period of this expedition at about 80 yeal tl

115. 8ize and situatIOn or Gdmlna? Name the principal star in this constellation!
Its magnitUde! Is it evel· seed in the U. 8.? What said of Miaplacidus f Remark in
nne print?· 116. What said of Markeb! How known! 117. Nnmber of staro In
Argo Navis? MRgnitude~f

HIS"l'(l!cy.--J)p,OJign of th·.! con8tel1~tion f Import of the term .Argo' Size aDd 8tJ'Ul;­
lure of the ship! What myth respecting thit! ship! What remark reape.tull! lib
'une Newton? Dr. Urya It'S ('pinion f
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belure the de.itrudion or Troy, and 4S yean after the death of Solomon. Dr. BrY!4Dl
bO'll'ever, rejects the hhHory uf tbt! Argon&utic expedition as lI. mere tlctiou of the GreeAu.
and lulpPolleB that thil4 group of stars, which the pot"t11 denominate Argo Navis, refers to
Noah's ark. aud the lit'luge, Knd that the fuble of the Argonautic expedition iii founded
on cel·aiu Egyptian tradlt.jou~ that related to the preMcTvlltioD of Noah and his family
d.urini the tloud.

TELE..<lCOPIC OnJF.CTS,

.. AROO NA'HS-A star with a distant eompM.nion; R. A. Sh OOm. ""-. i D"o. 8. '&r
N)' "'.. A. 8~, pale yellow i B 10, greyish. Other small l1&r8 In the field.

2. A .'ULL G~LUT CLDBTU; R. A. 7h. 87m. '""; De~. S. 28· 29' I·.
II. A oeat DOUBLS STU OT•• Lbe shlp'o otero; R. A. Th. 8801. 080.; Dec. S. 14· 18' 8',

A 7, oilvery while; B j J/i, pale white.
.. A clole DOURU 8'l'A.& over the Argo'. _tern i R. A. Th. 4Om. 278.; Dec. 8. 11~ -'8' 8"

A 7~, pale yeUow; B V, light blue.
~. A bright PLUJrl'~BTu"uu; R. A:7h. 84m. 460.; Dec. S. U· ~'2·. A Ooe obj.P.t

pale bluish white, and mal' be identified bl' leV'eral IllUlll .tard in iu vicinity. See Map
"Ill., Fig. 87.

CANCER (THlI: ORAB}.-MAP IIJ·

118. Cancer is now the fifth constellation and fourth sign (\\
the Zodiac. It is situated in the ecliptic, between Leo on the
E. and Gemini on the W. It contains 83 stars, of which one is
of the 3d, and seven of the 4th magnitude. Some place the first­
mcntioned star in the same class with the other seven, and ('.on­
sider none larger than the 4th magnitude.

119. Beta is a star of the 3d or 4th magnitude, in the south­
western claw, 10" N. E, of Procyon, and may be known from
the fact that it stands alone, or at least has no star of the Rarne
wagnitude near it. It is midway between Procyon and Acubens.

120. Acubells, is a star of similar brightnesli, in the south­
eastern claw, 10° N. E. of Beta, and nearly in a straight line
with it and Procyon. An imaginary line drawn from Capella
through Pollux, will point out Acubens, at the distance of 24°
from Pollux. It may be otherwise distinguished by its standing
between two very small stars close by it in the same claw.

121. The southern Asellus, marked Delta, is situated in the
line. of the ecliptic, and, in connection with Wasat and Tejat,'
marks the course of the earth's orbit for a space of 36° from
the solstitial colure.

A few degreeo S. of Caoeer, aod obout U· E. of Pr""10n, are foor stara of the 4th
magoitude,8· or 4' apart, which mark the head of Hydra. The rest of this eooot.ellaUon
Is delioealed 00 Mop IV.
---~._-----_._----------

TELBllCOPW OB.1ECT1l.-Iota r Wbat elust.er r Double otarol Nebula r Point Gat ""
thecuapr

118. Place of Coooc,' in the Zodla." r In other reopeell r Number aod size of It·
orarl r 119. Beta r How known r 120. Aeubeoo r How fouod r . 121. Situallor.
"r Oeltl\? Remark. rU'!Ipecting Hydra? ReBpectlng the sign Cnnrf'l'?



The beginning of the Bign Cancer (not the constellation) is called tbe Tropic of Ca....
Jer, and Wht'D tlufsun arrives at this point, it has reached its utmost limit of north d~cli.

nation, where it seems to remain stationary a few da~ before it begins to decJiut again
to the south. This stationary attitude of the SUll Is cal:ed Ult~ summer solstic6,' from tWG

Latin words signifying the sun's lltawling stiU. The distance frolL the first point of
Cancer to the equinoctial, which, a.t presen~ is 28° 21"", is called the obliqatty 0/ tAd
tk·liptk. It is a remarkable and well 8scertained fact, that this is continually gro,,-ing
less and len. 1'he tropiclI are Blowly and steadily approaching the equinoctial, at the
rate of about half a second every year; 80 that Ihe sun does not now come 80 far north
of the' quator in summer, nor decline so far south in winter, Hoi it must have done at the
creatiun, by nearly a degree.

HISTORY.
In the Zodiacs of Eene and Dt:nrl~l"a,and in mOlt or the astrological remainl of Egypt,

n. Scarahmus, or Beetle, is ust:d &S the symbol of this sign; but in Sir William Joned
Oriental Zodiac, and in somt: others foupd in India, we meet with the figure of a crab.
As t~e ;lindoos, in all probability, derlv. 1 their knowledge of lbe stars from the Chal·
deanB, it is lur- "tIed that the figure of the crab, in this place, i8 more ancient thaD UJe
Bt:etle.

In s'Jme e, dern representationB of this lign, two animals, like aSBes, are found in thil
dl \-h:sicn of 1..e Zodiac i and al th~ Chaldaic name for the ass may be translated mudd'­
""Sll, it Is supposed to allude to the discoloring of the Nlle, which river was rising when
the sun ente·ed Cancer. The Greeks, in copying this sign. have placed two alBes a8 the
lippropriate :lymbol of it, which sLd remain. Thp1' explaw their reasoD, however, for
tldopting this figure, by saying that theee are the anlwals tb.at assisted Jupiter in hi.
victory over the giants.

Dopuis ac..;ounts for the ori(ln of the uses In the followinR' ,,"ords :-'" LEo Cancer 011
lIont les etoiles appelleellell anes, forme l'empreinte du pavilion d' usachar que Jacob
&ssimile a Pane.U

l\Iytholog ,ts give different accountB of the origin ~f tht~ constellation. The prevail.
Ing opinion .s, that while Hercules was engaged in his famolls contest with the dreadful
~rnman monster, Juno, envious of the fame of his achievements, sent a sea-crab to
bite &m11l.D lOy the bero's feet, but the crab being soon dispatched, the goddessJ to rt:ward
its services plact:d it among the constellations.

"The Scorpion's claws here clasp a wide extent,
And here the Crab'lIln lesler clasp~ are bent.n

TELESCOPIC OBJECTS.

1. 0 CANOll,-A vel".f delicate DOUBLB BUB, under the Crab's mouth; R. A. Sh. 811m.
l'lie.; Dec. I. IS· «' 04·. A 4l11, straw coior; B 1:1 blue, only seen by glimpses.

2. e CANCIlI-A star wltb a distant companion, on tbe Crab's body; R. A. Sh. Slm.
16••; Dec. N. 20' lJ6' 02". A 6l11, snd B 7, both pale white; and a tbird star in the lIeld
of nearly "he same magnitude.

8. C; COJlclU-A line TRIPLIl BTO a, just below the after claws of the Crab; R. A. Sh. 08m.
O2s.; Dec N. IS· 07'0Il". A 6,yellow; B 7,orange tinge; C 7l11,yellowisb. Supposed
to be a Ternary system.

4. Abo1"~ T- northealterly trom Tegmlne, is a nebulous cluster of very minute Itars, in
t.1le crest lIf Cancer, sufficiently luminQus to be seen by the naked eye. It is situated la
H triangular position with regard to the head of the Twins and the Little Dog. It is aboul
i!O~ W. 01 ~ch. It may otherwise be discovered by meaDS of two conspicuous stars of
the 4th magnitude, lying one on either side of it, at the di!tance of about 2-, caned the
no,.tJ~rR and lI(Jut",~mAlldli. BS some of tbe Orientalists, this cluster was denominated
P"(PJlpptJ, .he M(l1lger, a contrivance which their fancy filled up for the accommodation
~f the .AHI-Ui or AMes,. and it is 80 called by modern astronomers. Th!;! appearance 01'
this groul' to the unl!.8l1i:Jted ~ye, is not unlike the nucleus of a comet, and it was repent·
erlly mistaken for the comet of l!i32, which, in the month of Novt:'wber, passed in ttl
neighborhood. Map VIil., Fig. 88.

tJ• ..\. p~.ou BD'I' J..,()()SK CLUSTKR in the Crab's southern claw, where a line from Rigel
lhroll~h Procyon, Into the east-northeast, wUl find It about 0" north of t in the Hyades;
R. A, 8h. 42m. 26s.; Dec. N. 12" 28' 06'. Stars mostly of the 9th and 10tb magnitdde •.
See Map 'VIll., Fig. 89.

HI8TO' .•.-What other Ilgnres for Cancer' EUl'tian' Hindoo' Greek' Ori~in o'
tlJis cor .el1ation f

'1'1'......'OCOPIC OIUwrs.-Delta' Er liloD' Ze\a r Wbat Clulten r Point out on the M",
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CHAPTER VI.

CONSTEI.U.TIOXS ON THE JlERIDIAN IN .A.PJUL.

LEO (TIIB L1oN).-MAP IV.

122. LEO is one of the most brilliant constellatioOll in the
winter hemisphere, Bnd contains an unusual number of very
"'right stars. It is situated next E, of Cancer, and directly S.
0: Leo Minor and the Great Bear.

The Hlndoo astronomer, Varaha, lays," Certainly the louthern BOlltlce was once in
Ibe middle or.Aol6\a (Ltoo); the north.rn In Ibellrst d••ne or DlimWJlIIa" (.Aqua"'...).
Since that time, the solstitial, &II wdl &1 the equinoctial points, have gone backward 00
the ecliptic 111'. This divided by 00"', give. 11818 y...rs; whicb c..rry us b..ck to tbd
)·...r or the wurld 4&. Sir W. Jon•••ays, tb.. t Var..h.. IIv.d when Ibe ."loU..,. ",.re In
the llnt degree- of Cancer a!ld CiIIoprlcorn; or about 400 year. before the Christian er....

123. Leo is the fifth sign, and the sixth cons~llation of the
Zodiac. The mean right ascension of this extensive group is
150°, or 10 hours. Its ceuter is therefore on the meridian the
sixth of April. Its western l)utIine, however, comes to the
meridian on the 18th of March, while its eastern limit does not
reach it before the 3d of May.

This constellation contains 95 visible stars, of which one is
of the lst magnitude, one of the 2d, six of the 3d, and fifteen of
the 4th.

16 One splendid Itar of highelJt dignity,
One of the lecond class the Lion bORlts,
And jUitly figures the fierce summer's rage."

124. The principal star in this constellation is of the 1st ma.g­
nitude, situated in the breast of the animal, and named Regulus,
from the illustrious Roman consul of that name.

It is situated almost exactly in the ecliptic, and may be
readily distinguished on a.ccount of its superior brilIiancy. It is
the largest and lowest of a group of five or six bright stars
which form a figure somewhat resembling a sickle, in the neck
and shoulder of the Lion. There is a little star of the 5th mag­
nitude, about 2° S. of it, and one of the 3d magnitude 5° N. of
it, which will serve to point it out.
Gr~at use I. mad. of RegulUi by nantlcal men, ror detennlnlng !h.lr longltnde at .ea.

It. latUudo, or dl.tanc. rrom the ecliptic, I. I... than l6'; but It. <UcUnaUmI, or dbI­
lane. from tb. oquinoctial, II n.arly 18' N.; so that Ita merldl..n alt.ltude will be J""

122. n••crlb. L.a. Its situation? Wh..t rem..rkabl. statem.nt or V..raha? CaI"u1..•
lions upon It? 123. Position or L.o in the Zodi..c? Wh.n on tb. merldl..n? Number
~nd ,iz. orlta staro? IZ-i. Hs prlncip..lst..r? Situ..tlon? How distinguished r Wh...
I~e made of ReguJ.Ll8' 'Vhen on the meridian, where are Oastor and Pollux r
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"'I.nal to that of the 8un on the 19th of Au~u~t. Its rigbt ascension II very lleu..r!-l·15n·.
It therefore culminates about '9 o'clock on the 6th of April.
\Vh~n Regulus is on the meridian, Castor and Pollux are seen about 40- N. W. of it,

and the two stars in the Little Dog are about the same distance in a S. W. direction j
with which, and the two former, it makes a large isosceles triangle whose vertex is llot
lIegnluB.

125. The next considerable star is 5° N. of Regulus, markcrl
Eta, situated in the collar; it is of between the 3d and 4th
mag-nitudes, and with Regulus constitutes the handle of the
~ickle. Those three or four stars of tIle 3d magnitude, N. and
'V. of Eta, arching ronnd with the neck of the animal, describe
the blade.

126. Al Gieb(~ is a bright star of the 2d magnitude, situated
in the shonlder, 4° in a N. E. direction from Eta, and may be
easily distingnished by its being the brightest and middle oue of
the three stars lying in a semicircnlar form curviIrg toward the
west; and it is the first in the blade of the sickle.

127. Adhafera is a star of the 3d magnitude, situated in the
neck, 4° N. of Al Gieba, find may be known by a very minute
star just below it. This is the second star in the blade of thll
sickle.

128. Ras al Asad, situated before the ear, is a star of the 3d
or 4th magnitude, 6° W. of Adhafera, and is the third in the
olade of the sickle. The next star, Epsilon, of the same magni­
tude, situated in the head, is2tO S. W. of Ras al Asad, and a
little within the curve of the sickle-* About midway between
these, and a little to the E., is a very small star hardly visible
to the naked eye.

129. Lam"da, situated in the mouth, is a star of the 4th
magnitude, 3t° S. W. of Epsilon, and the last in the sickle'tl
point. Kappa, situated in the nose, is another star of the same
magnitude, and about as far from Lambda as Epsilon. Epsilon
and Kappa are about 4tO apart, and form the longest side of a
triangle, whose vertex is in Kappa.

130. Zozm(~, situated in the back of the Lion, is a star of the
3d magnitnde 18° N. E. of Regulus, and midway between it and
Comll. Berenices, a fiue cluster of small stars, 18° N. E. of
Zozma.

131. Theta, situated in the thigh, is another star of the 3d
magnitude, 5° directly S. of Zozma, and so nearly on the same
meridian that it culminates but one minute after it. This st.ar

1211. Next principal ,tar-Bize and position r 126. AI Gleba r How known r
1111. Adhafera! 128. ~RaB al ABad r Epsilon? 129. Situation and BI.. of Lambda 1
Of KBppa r 180. Of Zonna r 181. Of Tholar Whal triangle r What othor BtIlro
'Il.tmliol1edP
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makes a right-angled triang]f, with Zozma. on the N. a.nd Dcntt­
bola on the Eo, the right angle being at Theta,

1\"early in a straight line with Zozma a.nd Thetll., lind south
of them, are three or four smaller stars, 40 or 50 apart, which
lllark oueof the legs.

132. ~lItbola is a bright star of the first magnitude, in the
brush of the tail, 100 S. E. of Zozma, and may be distinguished
by its great brilliancy. It is 50 W. of the equinoctial colure,
and comes to the meridian 1 hour and 41 minutes after Regnlus,
on the 3d of Ma.y; when its meridian altitude is the same as
the snn's at 12 o'clock the next day.

Wheo Deoeoola .. 00 the merldlao, Reru1lls II leeo !II' W. of It, Illd Phad, 10 lbe
OCIaare ofUna MoJor, beal'lSV' N. of It. It fol'JDs, w1lb these tiro, a large righl-aogled
trianlfle; the r1rht angle beln« at Denebola. It Is so nearly on the same meridian wiUl
Phad that it culminates on17 fOllr minutes before iL

Deoebola Is 8ll~' W. of Arcl..,.us, and about the I3me dlstanee N. W. of Spica VIr­
linis, and formB, with them, a la.r~e equilateral triangle on the 8. E..It also forms with
A.rcturuB and Cor CaroH a similar figure. nesrly 88 large on the N. E. These two
trian~le., beine joined at their bue, constitute a perr~ct geometrieal tlgure of the form
of a Rhombus, called by some, the DUIIOJiD ()II' VIIlQ().

A lice drawn from DeDebola through Rl'«l!Iu8, and continued 7- or 8- farther in thf!
warne direction, wtu point out Xi and Qmle"aft., of tp,e 8d and 4th ma«n1tudel, .ituate.1
In the foreclaw9, and about 3- apart.

There Rre & number of other stars of the 3d and 4th map........vG l:l thl. constellation,
which require DO desertption, &8 the ICholar ....ill easily trace them out from the map.
The position of Regulus aod Denebola are often rererred to In lhe geOlrap:Jy of U.e
.....veo.. II lbey lerve to point out olber clusters !II the IlBII1e oeighborhood.

HISTORY.

Aeoordlnf; to Greek fable, this Lien represellu the formidable animal "hleh Infested
tnt' forests of Nemea. It ....as slain by HereuJeB, and placed by Jupiter among the .tara
In commemoration of the dreadful conflict. Some ....riter'S have applied the Btory of the
t ....elve labors ot' Hercules to the progress of the aun through the twelve signs of the
ecliptic; and as the combat of tha.t celebratt:d hero with the Lion w&a his first labor,
they have placed Leo as thefl~1It rig... The ngure of the Lion wa.. however, on th"
Egyptian charts long before the invention of the fablea of Hercules. It would seem,
moreover. accordin« to the fable itself, that Hercules, who repreaented the sun, actually
8lew the Nemll'!an Lion, becaWie Leo ....al already a zodiacal sign.

In hieroglyphical ....riting the Lion was an emblem of violence and fury; and the
representation of this animal in the Zodiac, signifted the intense heat occasioned by the
Bun when it entered. that part of the ecliptic. The Egyptians ....ere mach annoyed by
lions dur1n« the heat of Bummer, as they at that leason left the desert. and hannted tht"
banks of the Nile, which had then reached Its greate3t elevation. n ....as therefoTt
natural for their astronomers to place the Lion where ....e Bnd him In the Zodiae. .

The figure of Leo, very much as ....e now have it, is in aU the Indian and EtJyptlan
l.odiK.es. The overft.owing of the Nile, ....hich was regularly and anXiously expected every
f~ar hy th~ Egyptians, took place when the sun ....&S in this sign. They therefore p.lid
more attention to ttl it is to be presumed, than to any other. This was the prlncipa.'
reH.son, Mr. Green sUppOf\elil, why Le.o stands tirst In the zodiacs of Dendera.

In the Hebr~w Zodiac, Leo is agsiR'ned to JUdah, on whose standard, according to . J
tl'aditions, a Lion is painted. This is clearly intimated in numerous passages of th<
H\'brew writings: Ex._u ,Judah is a Lion's ....help; he stooped do....n, he couched &s a

132. SizE" and position of Denebola? How known? When does it come to the meri­
dian as compared with Regulu.3? '\\'l1at said of its meridian altitude? When on the
meridian where is Rep;ulus seen? Phad r "'flat trinngle? How ill Denebolo situH.t~

'nth respect to Arcturus and Spica Virgini!!! To Cor Caroll? What other lartre 8~ure:1

IllsTOl<v.--Gre.k rabIe' Egyplian' Hebrew Zodiacs' Scripture allusin"s to lh'
, ·.~Ir ,



LEO MINOR.

LloD, aDd ... aD Old Lion; who Ihall rOllle him up '" GeD. xllx. II. .. Tbe LiOD of It"
r1:OO of Judah hath prevailed. It Rev. v. O.

TF..LESCOPlC OBJECTS

I a Lm,n" (R,gul...)-A bngbl ltar wllb a dialent companion; a. A. IIb.llIhn. 1111. ;
nee. N. 111' 44' OS'. A I, ftushed ..bite; B SJ6, pale purple.

~. 13 L"".... (Dl'fU!bol<.}-A fine ltar wltb a diltant companion; a. A. lib. 'Om. M...
n"c. N. 111·:t8· 0'. A 2J6, bluilh; BS, dull red.

S. y LBO.IS (AI (fi.ba}-A splendid DOUBLK .....a; a. A. lOb. 11m. 088.; Dec. N. ~.
~. 0·. A 2, bright orange; B 4, greenilh yellow. A mOlt beautiful object-bln&l')"­
period supposed about 1000 ye"ro. Map VIlI., Fig. 6.

4. V I."". IS (Zooma}-A coar.e TalPLB ...... j R. A. llb. 06m. 8lIa.; Dec. N. 21' '14' I'.
A 8, pale yt:llow ; B 18, blue; C 9, 1'lolel. •

6. c Lm.IS-A .tar with a di.lant companion in tbe moutb of Leo; a. A.llb. 80m. 480 ;
nee. N. 24' SO· II'. A S, 7ellow; B 10, pale gre7.

6. , L""""J-A B'BUY B.... ID the fllW'" 1·1l. W. of DeD,bola (I' OD map); a. A. Ilh.
16",. s.;•. ; Dec. N. 11' 24' S'. It forma a neat acalene triangle with ~ IWd iJ. A 4, pale
)"<110"'; B 1Jli, Iigbt blue; a beautiful objecL

1. I' LBO"'S (RaB Al Asad}-A DOC.....TU; a. A. lib. '11m. SII.. ; Dec. N. 2(1' 46' II'.
'" 8, orl\,nge; B 10, pale lilac.

~. A neat DOUBLE STU Dear ZoBD1a; R. A. IIh. OODL 11.. ; Dec. 21' 00' S'. Components
botb IJ6, aDd both faint yellow; a beautiful ol\iecL

9. A BBIGHT .EBULA near the hind pa... ; R. A. 10h.lllm. 81•. ; Dec. N. 0' 49' S·. Larll",
elongated, well-d~fined-&Denormoua man or lumiDoul matter-~JDe or a Valt nU1I1bt:r
or spherical nebulre in the vicinit,..

lu. A bicentral WHIT. JlBBDLA in the lower jaw, 2- 10Uth of A Leonls; R. A. 9h. 28m.
111•• ; Dec. N. 2~"12' I', Ma7 be elaBBed al doublo:-llmall otars In field; dUlleuH olllect
~e. )lap VUl., Fig. 40.

11. A lucid WBITlC NUCLA O[J the Lion's ribs, about 9- due east or Regulus; R. A. lOh.
<ll\m. 81•. ; Dee. N. 12' 81' 9'. Round and bright, with two Imailltars iD field. Another
large pale white nebula, about 1° east of it.

12. A P,UB 0' BI<'<'U'I" CUO. RBBCLAl In the I,ion'o bell7; R. A. lOb. 89m. 491.; Dee. N.
18" 28·. Found louth of line JOiDing Roguluo and if Lecnl&, about 10' eaot of, and
nearly on a parallel wi th the latter.

18. A LAROR, Bl.QIIGATBD lIfR1JUL.4., with & briJrht nucleus on the Lion'. haunch; R.. A.
1111. 11m. •• ; Dec. N. 18'112' 4'; JDst S' loutheast of t'J, with anolher Imaller nebula,
and .everaJ dars in the field. Map Vill., Fig. 41.

LEO MINOR (THB LITTLE LION).-MAP 1V"

133. Leo Minor contains 53 stars, including only one of tIll.,
lid magnitude, and five of the 4th. The principal star is situated
in the body of the animal, 13° N. of Gamma Leonis,in a straight
line with Phad, and may be known by a group of smaller stars,
a little above it on the N. W.

It forms an equilateral triHDl{le with Gamma and Delta Leonls, the vertex being in
lA:O Minor. This star til marked with the- letter I, in modern catalogues, and being tllt'
l'rinclpal representative of the conatellation, is itBeIr sometimes called the Little Lion:
i· E. Df this star (the Little Lion) are two stars of the 4th magnitude, in the last paw
of Ursa Major, and about 10- N. \V. of it are t",o other stars of Lt"e 3d magnitu.de, In thr
Ilrot bind paw.

., The SmaUtr Lion now succeeds; 8 coh""
Of fiftJ" Blars attend his steps;
And thret!, to sight Wlarm'd, invisib1 ••:.

TEL_OPIC OBJBCT8.-Alpha' Beta' Gamma' Point oul on the mal'. Dell'l
I!)lOilon' lola? Mu' What nehulm' Whichlhown on the map? Point Olll.

18iJ. Describe Leo Ulnor? ItA prtncipalstar? Helps form what ,r;anll~?
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13! 'l'hil! constellation was formed by Hevelius, out 01 tht>
Stella illforma, or uufonned stars of the ancients, which lay'
St'attered between the Zodiacal constellation Leo on the S., and
T;I'~u )lujor 011 the X. Its mean right ascensioll is the same
with that of Heg-ulus, and it comes to the meridian at the same
time 011 the 6th of April.

The modern conllellallonl, or thole ..hloh have been added to onr celelUaI map"
Ilnce lhe adopllon of the Greek notation, In 1608, are referred to by lhe letton of the
Enlllilh alphabet Inltead of the Greek. Thls II the c,,"e in reprd to Leo Minor, and all
olher conotoUatlonl ..h.... orilin II lub_lIelit 10 thai period.

TELESCOPIO OBJEOTS.

A aalOBT ov.u, aDOLO hel..een L7us alld Oancer, bllt Jlven to Leo Minor; R. A..lIh.
,2m. "".; Dec. N. UO 00' eo. Direct teleacope leo 1I0rlb b7 east or Presepe In Oancer

SEXTANS (THB 8BXTA."T)o-MAP IV.

135. Sextalls contains 41 very small stars, including only one
as large as the 4th magnitude. This is situated very near the
equinoctial, 130 S. of Hegulns, llnd comes to the meridian al}out
the same time on the 6th of April. The other stars in this con­
litellatioll are too small to engage attention. A few of the
largest of them may be traced out from the map.

The SUTAXT. called also Ua.uru.'a SUTAJI'l', U a modern cODsteliatlon that Heveliul
mode out of the unformed stan of the ancients, which lay Icattered between the Lion
on the N", and Hydra on the S.

Crania. WRd one or the mUles, and daughter of Jupiter and Mnemosynea She pre·
.;c1~d over astronomy. She was reprnented as a young virgin, dresled in an azure-­
color~d ruhe, crowned with stars, balding a robe in her hands, and having many mathe.­
matical instruments about h~r.

A sextant, in mathematics, il the sixth part of a circle, or aD arc comprehending GO
dtogreeB. But the term i8 more particularly used to denote an astronomica.l instrument
"-ell known tlj mariners. Its use is the same &I that of the ql1adrant: namely, to mea­
iure the angular distance, and take the altitude or the sun, moon, planets, and fixed
Ilan. It ia indiflopeDsable to the mariner In finding the latitude and longitude at sea,
and IIhould be in the hands of every surveyor and practical engineer. It may 8~rve the
purpose of a theodolite, in measuring inaccellsibJe heights and distances. It may gra·
tHy the young pupil to know, that by meaDs of sucb an instnlment, well adjusted, and
with a clear ~ye a.nd a steady hand, he could readily tell, within a few bundl·ed yardd
how far north or south of the equator he was, and that from any quarttor of the world.
known or unlen.wn. ThiB constellation II 10 caUed, on account of a sUPPoBPd resem­
blance to thil Inltrument.

TELESOOPIC OBJECTS.
1. A DOUBLB STA.R on the right fore leg of I"eo, though crimped into the sextant; R. A

%. '~m. 4IIs.; Dec. N. 0° 41' S·, It lies about one-third of the way froln a.rulul \0
Alphard. A r, and B. 9, both hlue, and wdi-defined.

J:l4. Origin of Leo Miaor' Mean R. A.' What remark respecting the fiOtaUcm 01
;.e stan?

TKLI<S<:OPIC OB.1KCTs.-Whal nebula' Situation? How lind?
1M. Describe Sextans' Situation of its principal star? 'Vhat said of the remnincler?

What laid of the age of this constellation? m Urania' Of the Senant as a nautical
;nstrum..:mt'

TKLKSCOPIC OB.1KCTI.-What double ltan' What nebula? What "\...Dl\I'kabl" sigh'
:t('t'" ne"r this nebuln'



HYDRA. it

1/. A neat DOlIBLB l!'I'AB on tbe Dnrtb extreme of lbe graduated 11mb of tbe Inltrument;
8nd tbree·tlfthl of tbe diltanee oetween Alphard hnd &lenebola; R. A. IOh. Mm. 02a.;
Dee. N. ~'M' 2'. A 1, topas yellow; B S, Imalt blue; a tine object.

8. Abright elall aOtnrn "IIBOL" on the frame of lbe Inltrument; R. A. tOb. Mm. MI.;
Oee. N.4' 16' \'. A good teleleope Ibowl anolber large but faint nebula near br.

This object is on or near the spot where the Capuchin, De Rhelta, fancied he !laW' thA
napkin of at.. Veronica, in 1188. Captain Smyth has a. picture of thla wonderful napkin;
and fUr J. Herschel remarks tha.t u many strange things were Been aDilOng the Btarr.
oefore the U8(' or powerful telescope. became common."

HYDRA. A.ND THE CUP.-:MA.P IV,

136. HYDRA, (the Water-Serpent,) is an extensive consteJIa­
tion, winding from E. to W. in a serpentine direction, over a
space of more than 100 degrees in length. It lies south of
Cancer, Leo and Virgo, and reaches almost from Canis Minor
to Libra. It contains sixty stars, inclnding one of the 2d mag­
nitude, three of the 3d, and twelve of the 4th.

. 137. Alpkard or Cor Hydra, in the heart, is a lone star of
the 2d magnitude, 23° S. S. W. of Regulus, and comes to the
meridian at the same time with Lambda, in the point of the
sickle, about 20 minutes before 9 o'clock on the 1st of April.
'L'here is no other considerable star near it, for which it can be
mistaken. An imaginary line drawn from Gamma Leonis
through Regulus, will point out Cor Hydrre, at th(r distance
'Jf 23°.

138, The head of Hydra may be distinguished by means of
four stars of the 4th magnitude, 2!0 and 4° apart, situated IJQ
S. of Acubens, and forming a rhomboidal figure. The three
npper stars in this cluster form a small arch, and may be known
by two very small stars just below the middle. one, making with
it a very small triangle. The three w~stern stars in the head
also make a beautiful little triangle. The eastern star in this
~oup, marked Zeta, is about 6° directly S.. of Acubens, and
culminates at the same time.

139. When Alphard is on the meridian, Alkes, of the 4th ma~·

nitude, situated in the bottom of the Cup, may be seen 24° S. E.
of it, and is distinguished by its forming an equilateral triangle
with Beta and Gamma, stars of the same magnitude, 6° S. and
E. of it. Alkes is commou both to Hydra and the Cup. Beta,
on the S., is in Hydra, and Gamma, on the N. E., is near the
middle of the Cup. A line drawn from Zozma, throngh Thetl\

ll.le. DelCribe Hydra? III situation? Number aud mal!'nilude of itl ltaro? 181. Po
0111"0 and magnitude of Alpbard? How pointed out? 138. How II the Mad of Hydra
dJlUogulllhed? 189. What &aid of Alkes? Of Beta and Gamma? Hoa' i. JletlI
foand'
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Leuuis, lind continned 38tO dircctly S. will reach Beta; it is
therefore on the same meridian, and will culminate at the sawll
time on the 23d of April.

140. The Cup itself (called also the Crater), may be easily
distinguisbp,d by" meaus of six stars of the 4th maguitude, form­
~ng a beautiful crescent, or semicircle, opening to the 'V. The
center of tbis group is about 15° below the equinoctial, and
directly S. of the hinder feet of Leo. The crescent form of the
sta:s in the Cup is 80 striking and well defined, when the moon
is absent, that no other description is necessary to point them
out. Its center comes to the meridian about: two honrs after
Alphard, on the same evening i and consequently, it culminatps
at 9 o'clock, oue month after Alphard does. Tbe remainder of
the stars in tbis constellation may be easily traced by aid of
the map.

141. When the head of Hydra is on the meridian, its other
extremity is many degrees below the horizon, so that its whole
length cannot be traced out in the heavens until its center, 01

the Cup, is on the ml'ridian.
_u Near lhe equator rolla

The lpark11n1' Hydra, proudly eminent
To drink the GaloIJ8v'I refu1lpnt _;
Nearly .. fourth of the encirct:ng curve
Wbicb I'lrdl tbe ecliptic, bll \ ,,"t foldl Invulve;
Yet ten tbe number 01 hilitar. dilfu.ed
O'er the long tra.ck or hie enormous spires;
Chiqbeaml bll beart, lore of the lecond rank,
But emulolll to gain the Ilrlt."-Budooia.

HISTORY•

• ne ...trolol'en of the e...t, In dlvldlnl' the celelUal hOltl Into varlolll compartmen""
....llned a popUlar and allesorlcal meaninl to each. Thill the IIID 1£0, which pa....
the meridian about mIdnight, when the lun II In PIIcel, w... called tIuJ UOU8d of u..
LUm8, Leo bolng tbe domicil of Sol.

The introductiun of t'Wo serpents Into the cODstellations of the ancients, had its origin
It is supposed, in the circumatancell that the polar one represented the oblique courl!e 01
the stan, while the Hydra, or Great Snake, in the Bouthern hemisphere, symbolized thf
moon'l conr.e; ben~e the NodN are called tIuJ Dragon'l hdad and tail to I.Ms dal/.

The hydra was a terrible mODJIter, Which, according to mytbologisb, infel!ted th..
neighborhood of the lake Lerna, In the Peloponnesus. It had a hundred bead., accord­
Ing to DiodoroUli i Bft" according to Simonidel!; aud nine, according to the more com
manly received opinion of Apollodotull, Hyginus, and othen. As loon 81 one of theM­
ht!lLds was cut off, two immediately grew up if the wound was DOt stopped by tlre

U Art thou proportion'd to the hydra's length,
Who by hll woundl received augmented Itrengthr
He raised a hundred hiBsing bea.dH in air, .
When ODe I lopp'd, up Iprang a dreadful pair."

'fo destroJ thla dreadful mODster, "a.1 one or the labors of Hereule!, and this he ea.!ilJ
:1f~C'tt'd with the assistance of 1018UI, who applied a burning iron to the wound6 a.P
~OOI1 as ?ne head was cut off. While Hercules was destroying the hyd~a, Juno, jealous of
lh~ glory, sent 8 sea·crab to bite his foot. This new enemy was soon despatched; an ~

1.au Uow Is the Oup diltlngullbed r II it eSlily found'
.s l'~nt of Hydr", eut Rnd wel~' Ili:ltnry of lIydr'4'

141. What I. Il\id of th,
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~uno wa.s unable to dUCCCOO in her attemptl to leasen tl'e fsme of Hercules. The CttU •

.jueror dipped hil.i arrOWij in tbe gall of the Hydra, which ever after rendered the woumJq
l.utlktcd with th~1U incurable and mortal.

Thi~ fable or the Ula.uy-h~adedhydra may be understood to melLn nothing more than
that the marstoeil of Lerna. were infested with a multitllde of serpent-5, whicb Ii~emed t3
multiply as fast R3 they were deatroyed

1'~;LESCOPIC OBJECTS•

.I. a eAATXBIS--A star with twu vt!ry distant companions in the bale of the cup; R. A..
,Oh. f>2m. oos; Dec. S. 11' 26' 9'. A.. 4, oraoge liot; B 8, Iutense blood color; C 9, ....le
lIue.

2. y CRATERI1'-A close DOUBLE STAR, in the center or the cup; R. A. llh. 16m. 548. i
Dec. S. 16° 48" S"; A 4, bright white; B 14, grey t with a star of the 11th wugnitado fol­
lowing, on a Hne with A. .It 20' distant.

3. 0 CUTUJ&-A lIt&r with a very distant companion, on the cup, midway betwelD
Alphard and Spica, bnt a little south of the line jolniog them; R. A. !lb. 11m. 218.;
Ike. S. IS· M' S·. A. 8~, pale orange; B 11, pale lJlue-other small stars in ihe field.

4. a HynlUl (Cor H!ldral)-A bright slar in the heart of Hydra with a dlstaot com­
panion; R, A.lb. 19m. 44•. ; Dec. S. 1':;S' I'. A 2, oraoge tint; B lO,pale green.

5. d HYDRAl-A star with a distant companion in the head of Hydra; R. A. Sh. 291n
141. ; Dec. N. 6' If>' II'. A -I, ligbt topaa; B 9, livid-several other stars In tbelleld.

6. e HYDIlAO-A double star io the head; R. A. 8h. 8Sm. 188.; Dec. N. l' 00' lI". A 4,
pale yellow; B 8J6, porple.

1, A PLAN'<"'"Y NEBULA in the middle of"lbe bod;r; R. A. 10h. 11m, 01s.; Dec. S. l';'
50' e'; greyisb wbile, I

CHAPTER VII,

CONSTELLATIONS ON THE MERIDIAN IN MAY.

URSA MAJOR (THE GREAT BEAR).-YAPS IV, AND VI,

142, URSA MAJOR is sit\lated between Ursa Minor on the north,
Bnd Leo Minor on the south, It is one of the most noted and
conspicuous in the northern hemisphere. It has been an object
of universal observation in all ages of the world.

The prlesta of Belus and the Magi of 1'ersla, the shepherds of Ohaldea, aDd tbe Phce­
nician navigato,., seem to have been equally struck with its peculiar outUnes. And it
il some....hat remarkable, that A remote nation of American Aborigines, the Iroquoi8,
Bnd the earliest ArBt. of Asia, should have given to the very same cODsteHation the
name of U Great Bt>~r,n when there had probably never been any commD.nicatioD
between them; and when the DRme itself is so perfectly arbitrary. there being no resem­
blr,nce whatever to a bear, or to anT other animal

143. It is readily distinguished from all others oy means of b

remarkable cluste!' of seven bright stars, forming what is fami­
liarly termed the Dipper, or Ladle. In some parts of England
it is called "Charles' Wain," or wagon, from its faucied resem-

TIIL1I8OOI'1o o..r.o-n.-Alpha? Gamma' Della' Alpba H:rdneP Delta H:rdrlll'
11:1& HyJrro' What Nebula P

~,41!. D""erloo Una Major' What remarllable fact as to III Dame P 148. S ..... dl..
tIPJUlsbod' What other names for the Dipper' Wbat rem..rk In small t)"JIC'
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',lance tv a wagon drawn by three horses in u. line. Othe1'll call
;~ the Plough. The cluster, however, is more frequently put fOl
the whole constellation, and called silllply the Great Bear.
w~ let! no rnoon 10 ~ect the YeJ"1appropriate appellation of lb. shepberds, for tb.

resemblance U certa1n1110 fa'for of &he Dipper j &he four stan In the equare forming th<.
bowl, aDd the other three the handle.

144. When the Dipper is on the meridian, above the pole, the
bottom lies toward us, with the handle on the right.

Bt:ndf&asrA is a bright star of the 2d magnitude, and is the
first in the handle. The second, or middle star in the handle is
lIlizar, 7" distant from Benetnasch. It may be known by means
of a very minute star almost wnching it, called Alcur.

145. The third star in the handle is called Alioth., and is about
-ItO W. of Mizar. Alioth is very nearly opposite Shedir in Cas·
siopeia, and at an equal distance from the pole. Benetnaseh,
Mizar, and Alioth constitute the handle, while the next four in
the square form the bowl of the Dipper.

146. Five and a half degrees W. of Alioth is the first star in
the top of the Dipper, at the junction of the handle, called
1I1egrez; it is the smallest and middle one of the cluster, and is
nsed in various observations both on sea and land for important
purposes.

When Megrc& and Capb hAve the same altitude, and are Been in the lI&me horbontlu
line east and weat, the polar ltar it then at iu greatest elongation from the true pole of
the heavens; and this I. the 1.roper time for an observer to take ita angle of eley...tioD,
in order to determine the laIitud", aud its uimuth or angle of declination, in order La
determiDe the magnetic vari..tion~

147. At the distance of 4,!0 S. W. of Megrez is Pkad, the
first star in that part of the bottom which is next the handle.

The !ltnrs In this cluster are 10 well known, and may be 90 puily described withoUI
reference to their rehl ttYe bearings, that the7 would rather confuse than assist tJu~

~tudfDt, were they given with ever so much aecurac7. The several bearings for thit;
cluster were taken when l\legrez was on the meridian, and will not apply at any othu
tilDe, thoqb their respective distances will remain the lame~

148. At the distance of 8° W. of Phad, ill the westernmost
star in the bottom of the Dipper called 1I'Ierak. The bright star
50 N. of it, toward the pole, is called I>ubM. These two, are.
by common consent, called the Poimers, because they always
}Joint toward the pole; Cor, let the line which joins them be COli­

tinued in the same direction 2810 further, it will jnst reach the
north pole.

The names, positions, and relative diBtances of the stars In thlB clWlter ehould .... weD

144. HowlB the bandle of the DEppeI' situated, when the Dipper ill ahove the poleV
Descrihe BenetDasch? Mi.ar? How known? 1415. AJiolb? Megre.? Remark
respect!ng? Pbad? Remark In small prinU 148. Merak and Dubhe? Constilutl'
"bat r Remark: respecting the names, poeitioDs and distances of the etan In UrN
Malor' Why should the~~ d~.tRDcefl b. 1I't'11 umivrwtood'
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remembered, .. the;' will be frequently adverted to. The dlltanee of Dubhe, or Lbe
Pointer neare.t to the north pole, I. 28%". The di.tance between Lbe two upper ltarl II:
the Dipper iB 10"; between the two lower one. is 8'; Lbe dI.tance from the brim to the
hottom next the handle, iB 4111"; between Megres and Alloth, iB 1I111"; between Alloth
a.nd Miur, 4~·; &Dd between Mizar and BenewlUlch, 1-.

Th. reason why It I. Important to have the.e distances clearly oettled in the mind I.,
Ihnt these ltan, being alw_Tsln view, and more familiar than aDY other, the student
..111 never faU to have a .tandard mea.ure before him, which the eye can eull;y make
"'" of in detenninlng Ihe diBtance. between other .ta....

149. The position of Megrez in Ursa Major, and of Caph in
Ca.ssiopeia, is somewhat remarkable. They are both in the equi­
noctial colure, almost exactly opposite each other, and equally
distant from the pole. Caph is in the colure, which pa.sses
through the vernal equinox, and Megrez is in that which pa.sse~

through the autumnal equinox. The latter pa.sses the meridian
at 9 o'clock, on the 10th of May, and the former just six months
afterward, at the same hour, on the 10th of November.

150. Psi, in the left leg of Ursa Major, is a star of the 4th
magnitude, in a line with Megrez and Phad, diRtant from the
latter 12to

• A little out of the same line, 3° farther, is another
star of the 4th magnitude, marked Epsilun, which may be dis­
tinguished from Psi, from its forming a straight line with the two
Puintt:rs.

151. The right fore-paw, and the two hinder ones, each about
15° from the other, are severally distingnished by two stars of
the 4th magnitude, between 1° and 2° apart. These three
duplicate stars are nearly in a right line, 20° S. of, and in a
direction nearly parallel with Phad and Dubhe, and are the only
Iltars in this constellation that ever set in this latitude.

There are a few other .taro of equal brlghtlle88 with tho.e jllIt delCrlbed, but amld.t
the more splendid and interesting grOllp with ...hich ther are clUBtered, they leldom
engage our observation.

Thewbole number of vi.lble .tar. In this constellaUon is 81; o! which live are of Ihe
lid; two ef the 3d, and abollt twice a. mallY of the 4th magnitud••

HlSTORY.

UIISA 1II1.3oa iB .ald to be Call.to, or Helice, dallghter of Lreaon, king of Arcadia. She
.... an attendant of DlaDa, and mether of Arc.., by Jupiter, who placed her among the
OOlllteDalions, after Ibe jealoUBy of JIIIlO had changed her Into a bear•

.. Thl••ald, her hand within her hair .he wound,
Swung her to earth, and dragg'd her on the ground i
The pro.trate wretch IIfta up her hand in pra,..r;
Her arms grow shaggy, and deform'd with hair,
Her nails are sharpen'd Into pointed claw!,
Her bands bear half her weight, and turn to pawl;
Her lips, that once could tempt a god, begin
To grow distorted in an uglT grin;

---- ------ -----
141. What .ald of Megre. and Caph? 1110. or P.I and Epsilon' 1111. Row lin,]

tbef...e of the Iigur.' Number of .tars in Urs.. Major' Mag:Jltllde.?
H~RI".-Whowas Ursa MiJor before 8~ became a bear'!' ''''hat oth~r 8Uppmdtlon

How Rore the t ..o bears reprt~E2rt;;dby the r,gyptians P What further rt:markli"

RO. 4-
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And leol the lupplicallal brute mlghl r.ach
The ear. of Jove, she w.. deprivetf of 8peech~. . . . . ... .
How did she fear to Jodlfe In woods alone,
And haUDt. the fields aDd mearlowB, once her own I
How often would the deep-mouth'd dogs pursue,
Whillt from h.r houudl the frighted hunterolle....."-Oftd'. XtL

:'lumc IUPPOIC that her 100 Areal, otherwise called Boote., 11"&1 changed into (j~

;111001", or the Little Bear. It II well known, that the ancients represented both thet¥!'
wtJnllkllaUonl under the tlgure of a wagon drawn uy & team of horael; hence the .pp'!~.

:Htion of Charla' Wain, or ..agoo. Thia is alluded to in the Phenomena or Aratua. A
Greek poem, from wbicb St. Paul quotes in bis addres8 to the Atbenianl:-

"The ODe call'd Helix. Boon 88 day retiree,
Obo.rved with eaoe lightl up hll radianlllt,".
rhe olher, Imaller, aud with f.ehler beaWl,
In a les8 circle drivel its lasy teama;
But more adapted for the s&ilor's guide,
Whene'er, b7 night, h. templo the brln7Iide."

In the EgJ'ptlau planloph.rel or remote antlqully, Ihel. two conolellationl are r.pta­
Iilf'Dted by the figures or bears,lnstead of wagoD8; and the Greekl,who derived mOlt of tb ,i;
a!tronomical lIymbolll from the Egn»tiaDI, though the7 ulua1l7 altered them to embleWi
of their own history or superstition, have, neverthelesl, retained the original form or
the two bears, It. is laid by Aratu8, that the Phoonlclan navigators made use or Urea
IlIluor In directing th.ir v07allel :-

.. Oboervlng thll, Phll!Dlelanl plough the main:" If

while the Gr••tl conlln.d Ihelr ob.ervatloal 10 Una MojoI'.
Bome imagine that the ancient Egyptiau. arrang.d lh. olaro near Ihe North Pol•.

within the outlines or a bear, because the polar regloDs are the haunts of this animal.
and also because it makes neit.her extensjYe J0W'neYI nor rapid marches. "

At whal period men began 10 laU b7 the .Ian, or who were the lIt.1 peopl. that die!
10, is not clear; but the honor Is usually given to the Pbamiclans. That It was prae-­
liced h7 the Gre.kl, .0 early al the time of lh. Trqjan ...ar, that 10, aboul ll100 year.
B. 0 ......e learn from Homer; for ho lIyo of Ul7"lel, ....h.n oaIllnl on hlo rart, thai

" Placed at the helm he sate, and mark'd the skies,
Nor closed in sleep his ever watchfUl eyes!'

1111 rational to IUppOI. Ihallhe ltan ....ere IIrll uled .. a guld. 10 travellen b7 land,
for we can scarcely imagtI~e that men would venture themselves upon the lea by night,
~ore they had lint learn.d lome lafe and our. melhod of directing th.ir conne by
land. And ....e lind, according 10 Diodoru. Biculul, that travell.ro In th. landy plalnl "r
Arabia were accustomed to direct their coune by~ &:wa.

That peopl. travelled in lhe.. valt dOlerll al aighl by oboervlng the ltarl, 10 directly
proved by thll p..oage of Ihe Koran :-" God hal glv.n yon the ltaro, to be guided in
the dark, both hIland aad hy lea."

TELESCOPIO OBJECTS,

1. u UBSA Muoalll (DubM,.DfI<l of tlul ptJlfIUr.}-A lIDe ltar with a dillaat compa­
nion; It. A. 10h. 118m. 481.; Dec. N. 62" 86' S', Al If, yeUo.... ; B S, y.Uo.....

2. (3 UBS.. MuoBlS (X..,.ak}-A brlghl otar with a dlotant compaulon; R. A. 10h. 5JlD.
OS'; Dec. N. 117" 14' 2'. A 2, greenilh whit<,; B 11, pBle Ilrey-olher ltan In lIeld.

8. ~ UBlIA. MUOBtB (Pllad)-A liar ....ith a dlltant compaulou; R. A. 11h. 4llm. 1131.;
R.":'lIeld~" M' 1". A 2, lopaz yello.... ; B 9, alh7 paleuel., ....lth a lIDe group of ltan in

4. d URB" MUOBIS (Megree}-A line olBr, onsp.cted of varlahilitT, wllh a dlotant com­
panion; R. A. 12h. 01m. 28•. ; Dec. N. 117" llll' 8'. A 8, pale yellow; B 9, aoh colorea,
with other olaro In fi.ld.

II. f; UBlIA. M.lJOBtB (MUar.}-A oplendid doubl. liar In Ihe middle of the tall; R. A.
lIh. 17m. 280.; Dec. N. llll" 4ll' S·. A 8, brllllani white; B II, pale .m.rald. Alcor an.
olher .tarl In the field. Map VllI. Fig. 7.

---------------
~P10 OBJECTIl.-AlphB r Bela r Gamma r n.lla r 7-eta r Eta r Iota P !II"

wt,,1 nebula r Which Ihown on the map r

"



LU~A BERENICES,

Cl. TJ URllA. MAJORIS (BNldnallC1l)-A DOll1ILII STAB In the tip of th~ tall: 1L A. 18h.41m
.48.; Dec. N.llO" 06' ~'. A 2ll1, brilliant white; B 9, dusky.

T. L URSA MUORlS (AI KapMah)-A DOll1ILII eTAR in the right fo 'e paw; R. A. 8h. 48m.
140.; Dec. N. 48" 89' 0'. A SllI, lopa.yellow; B IS, purple. Sir J. nerochel luppoeed A
might be do'satellite, shining only bl' reflection.

tl. V Ull8A MAJORIs-A dellcate DOllBLB STAB in the len hind (001, just abo... ~ or
E1 Acola; R. A.lIh. 09m. 490,; Dec. N. SO"~' 0'. A 4, orange linl; B 1\1, eorneUan biue;
a oIooe but elegant olllect.

9. A beautiful PLAXIITART IIDULA, just south of {3; R. A. 10h. 28m. ~.; Dec. N. M"
WI' 4". A .mllll, well defined object, blul.h white, and brighten. toward. lbe eenter.

10. A BIlIGHT NRBULA In the right fore leg; R. A. 9h. 10m. M•.; Dee. N. 01" 40'11". Ofa
pale creamy whiteness, with several bright 8tars in the northern part. of the tleld.
Nebula large, elliptieal and nuoleated.

11. A brlght-ola.s BOUND NIlBULA above the Bear'. ear; R. A. 9h. 84m.ll2a.; Dec. N, 78"
Ot' 2'. 'Severalsta.. in fleld,of9th to 12th magnitude.

12, A FIllS OUL XUCLA in the ear; 1L A. 9h. 42m. 10•. ; Dec. N. 89" III'S".

" 18. A LABGII "ILB-WHITR XBSULA on the body, about I" louth of {3 or Merak ; R. A. llh.
09m.02•• ; Dec. N. M" 81' S". .

14. A LARGR PLA.XBTABT XUULA on the lIank, with .everal .tar. In the lIeld, one or
whieh Is pretty clo.e; R. A. llh. OIlm. 24•. ; Dec. N. OIl" 112' 9" About \I" to the S. E. of
{3, and just south of a Hne from {3 to y; a singular ·obJect, circnlar, uniform, aDd seem..
InglT of the .1.. of Jupiter. W. lIerschel a.signed this objeet to the II80lh order of dlo-

• tanee. Map VIII., Fig. 42.
Ill. A BRIGHT-CLASS lISBULA In a poor lIe1d, behind the len hind leg, one-third the cIIl.

laDce from d towards Denebola; R. A. llb. ~8m. Ill.. ; Dec. N. 48" liT'S", Of a lUCId
white, varioul and elongated. Map VIII., Fig. 48.

18. A LARGR WHITB "RULA near the bauncbes; R. A. 12b. 11m. 048.; Dec. N. 48" 11'1'.
A noble-.lzed oval, with a bright nuoleus, lbe lateral edges better dellned than the end.
Found by running a diagonal line nero•• the square, from a througb }, aud about T16"
beyond, Into tbe S, E.

OOMA BERENICES (BERENIOE'S IIAIR).-MAP IV.

152. This is a beautiful cluster of small stars, situated about
50 E. of the equinoctial colure, and midway between Cor Caroll
on the northeast, and Denebola on the southwest. If a straight
line be drawn from Benetnasch throngh Cor Caroll, and pro­
duced to Denebola, it will pass through it.

153. The principal stars are of between the 4th and 5th mag­
nitudes. According to Flamsted, there are thirteen of the 4th
lDugnitude, and according to others there are seven; but the
student will find agreeably to his map, that there is apparently
but 0'IUl star in this group, entitled to that rank, and this is
situated about 7° S. E. of the main cluster.

Although It 10 not eaoy to mi. take thl. group for any other In the .ame regfon af Ihe
IJd~8, yet the .tars which compose it are aU so small 88 to be rarely distinguished in ~e

!\Ill pre.en.. of the moon. The confuoed lustre of thl. as.emblage of small stara .ome­
what resemble. that of the Milky Way.

18 Describe Coma Berenice.' How lind It' IllS. Ito prinell,,,1 .tllro, !hair numbcc
.tc. , What remark In line print'



7R ASTRONOMY,

in this constellation is 43 :
It consequently is on th~

154. The whole number or stars
its mean right ascension is 185°,
meriw8Il the 13th or May.

-----'.. !llIW behold
The IIIUering m..... or Bermw. ealr;
I'orlv the Ita,.; but such .a aeem to kl.
TheJlotDlng "'- with a lambent IIrr,
J'onr lo the &eleocope alone are .eeu."

HISTORY.
Berealee .... of ro,.al deBeent, and a IlIdJ of great beantT, who married Ptolem,. Soter,

or BY.rgetel, one of the kln(l of EgJpt, h.r own hrother, whom ahe lo...d with much
tendeme... Wh.n he was going on a danl:O'0n. expedition agaln.t the ".Trlana, .h•
..owed to dedicate h.r hair lo the godd... nf beantT, If h. returned in .afet,.. Some
time arter the l'iclorlon. return of her hn.hand, lIi..ergete., the lock., which, agreeably
to h.r oath••he had depo.lted lu the temple of VenD. dl&Bppeared. The king expressed
....at ......t at the 1081 of what he 80 much prloed; whereupon Oonon. hla utronomer,
publlc~ reported that Jupiter had taken awar the qu.en·. locto from the temple and
placed them amo.... the .ta....

.. Thc..~•• lo<l.t.t flrat ro... 80 bright,
The he...en. be.pengllng with dl.hevelled light."

Conan being ...nt for b,. the Ill..... pointed ont thla conotellation, .aJ'\ng, .. TJiere behold
the locto of the queen." Thla group helng amo.... the unformed .tara until that lime,
and not known aa iI con8teUation. the king wa. oatlofl.d with th. declaration of the
a.tronomer, and the qneen became reconciled to the partu.lltT of the god•.

OaillmacbD, a hlalorian and poet, who t10nrlahed long hefor. the Chrlatlan era, hall
the.e 1ln81 a. tran.la ted h,. TrUer:-

"Immortal Oonon, ble.t wltb .klll divine.
Amid tho &Bcred lIklea behold me .hlne:
E'en me, the~ 1lo.4r. that late~ .hed
Refnlgent beam. fl"om Jkr",""e·. head;
Tho Iocj: .h. fond~ yowed with lifted ann••
Imploring aU the powe.. lo .aTe from harms
Ber dearer lord, when tl"om his bride bd fiew.
To WTeak .tern yengeance on the Aas7r1an crew."

TKLESCOPIO OBJECTS.
1. A ...IPLJIIITA" between the tr"".e. and Virgo'. northern wing; JL A.l2h. 4Im1. lItle.,

Dec. N.W' 01' 0'. A Ii. pale ,.eUow; B,lndl.tlnet; 010, cobalt bl"e. Abont l' .outh-
elJ,st or a Berenices, and 20· welt of Arcturus. .

1I. A GLOBUL... OLUIITU. between the tr...... and the Vlrlln·. I.n hand, with a coane
pair and one .ingle .tar In the fleld; JL A.llh. OOm. 080.; D.c. N. 111' 01' S·. A brilliant
ma•• of minute .tar. from the 11th to the llith lila,.; compr d at oonter. A line
through d and e Vlrlln.!., northward, meeting another from Arctn OTer TJ Bootes, faU.
~pon thla magnlflc.nt object.

S. A CO.....ClJOllll ."lILA between the tres.e. and the Tlrgln·. left ann; JL A. 12h.
48m. 112•. ; Dec. N. W' s.,' 2". A magnlflcent object. both In .Iac and brightnes., wit'
.evcral .mall .tara In thc fleld, Elongated, compr•••ed In the centre, and wu IIken.d
~f IIIr Charle. Blagdon lo a .. blac.t -Ve." Map VllL, J'\tr. '"

CORVUS (THE OBow).-M.AP IV,

155. 'This small constellation is situated on the eastern purt
of Hydra, 15° E of the Cup, and is on the same meridian with
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Coma Berenices, bot as far S. of the equino..tiaJ as Coma Bere­
nices is N. of it. It therefore culminates at the same time, OD
the 12th of May. It contains nine visible stars, including thretl
of the 3d magnitude, and two of the 4th.

156. This constellation is readily di~tinguished by meaus of
three stars of the 3d magnitude and one of the 4th, forming I.L

trapezium or irregular square, the two upper ones being about
1i" apart, and the two lower oues 6° apart.

151. The brightest of the two upper stars, on the left, is
('.aIled Algrnab, and is situated in the E. wing of the Crow j it
has nearly the same declination S. that the Dog Star has, aud
is ou the meridian about the 13th of May. It is 21tO E. of
Alkes in the Cup, 14tOS. W. of Spica Virginis, a brilliant star
of the lst magnitude, to be described in the nex.t chapter.

158. Beta, on the back of Hydra, and in the foot of the Cro\\',
is a star of the 3d magnitnde, nearly 7° S. of Algorab. It is
the brightest of the two lower stars, and on the le(t. The right­
hand lower one is a star of the 4th magnitude, situated in thE
neck, marked Epsilon, about 6° W. of Beta, and may be knowu
by a star of the same maguitude situated 2° below it, in the eye,
and called At Ckiba. Epsilon is 21i° S. of the vernal equinox,
and if a meridian should be drawn from the pole through
Megrez, and produced to Epsilon Corvi, it woold mark the equi-

. noctial colure.
159. Gumma, in the W. wing, is a star of the 3d magnitude,

alo W. of Algorab, and is the upper right-hand on" in the
square. It is but 1° E. of the equinoctial colore.

10° E. of Beta is a star of the 3d magnitude, in the tail of
Hydra, marked Gamma; these two, with Algorab, form nearly
a right-angled triangle, the right angle being at Beta.

HISTORY.

The Cro..., It II laid, ..... once of the pure.t ...hlte, but ..... chan.ed for lale-hearlDI( "
111I present color. A lit punishment for .uch .. f..u1t•

•' The raven once in IDOWf pJumes waa drest,
White .. 'lbe ...hlte.t dove'. un.u1l1ej br~sat,

'air "" the guardi..n of the capitol,
80ft ... lbe S.....n; .. large ..nd lovely fowl;
HI. tongue, hll pr..tlng tongue, had chan~ed him qll1.....
To looty blackne•• from lbe pure.t ...hite. '

Accordln. to Greet fable lbe Cro......... m..de .. con.teU..tlon by Apollo. Thll,o j
being jealoul of Oorow. (whom he tenderly loved), lbe d..ughter of PhielT" and

1M. How II It found' 1117. What ...Id of Algorab' 158. Of Beta' Epsilon'
AI Chlb.. , What ...Id of lbe Pole, Hegrel, and Eplllon' lllll. or G..mma r What
ul..ngle' .

JlIsTOBY.-StOry of theorlrlnal color of Oorvua' Grep.k fable or lbe orlllln 0\ lb­
~c:l.tel1&Uon' What other aecoun' ~

n
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....1Iaer 01 ......uJ.p1o•• HDt. cro" to ".tch her hehartor; the bird percelnod ber "rl
1II1n.1 parUaUI" for loch". the Tbeeaali.o, .od Immediately acqu"loted Apollo "ith b ••
conduct, which 80 ftrAd hie Indignation that he lodged an arroW' in her brea.~ and tjJ1r.~
hr InltaDtq.

" T Ie god Will wroth; the color left biB look,
The wrealh hll bead, the barp hll b.nd fon""k :
'.a.'he aUver how and leatht'red ahaft. he took,
And lodgt'd ad arrow in the tender brealt,
Th.1 bsd 10 onen to bll o"n beeD prell."

To reward the eiow, he pla("t"u her among the conltellalionl.
Others I&J' LhBt this conslt'lhnion takes ita D&me from the dau.hter of Coronaeue

a.in, ot l'hoc::il, who "'&8 uanHformed Into a crow by Mtnerva, to rescue the maid froU:
the punult of Neptur.e. The follo"lo., rrom .D emiDenl LaUn poet of the AUlUltaD
..e, II ber own account of Ihe mel.morpholtl .. tranll.ted Into En.liIh ..e... b" Mr.
'dcllloD :-

.. I'or .. mt .rme I lifted to the Iklel,
1 ••11" black featbel"ll frQm my flngera rise;
I stroTe to fling m7 garment on the ground;
M" prmen I turned to plum.... aod lirt me I'8lUId;
My handa to he.t DI7 naked 001001 lr7;
Nor naked bosom DOW, nor hands had I·
Llghtq.1 trlpp'd, Dor "ear" .. before
Sunk In the l"nJ, but Ildmm'd .Ioog the shore;
Till, rlalng on my wings, I w.. prererr'd
To he the ohute Hinerv.·1 ..1r1iD bird ..

TELESCOPIC OBJECTll.

I. iJ CoDl-A ene brl.ht ltar noar17 mldw." between two d1ltant companlo.... A 1I~,

rodd" "oUow; B T, ....n..h "eUow; C 8, dull .."". Pill actnau.r the lucid.. or brtpteal
atar of the conlte11aUon.

2. J CoaVJ-A IXlllBLa IT'" In the r1lbt win.; It. A. llIh. 11m.•• ; Dec. 8. 16· lIT' 04"
A 8, pale "eUo,,; B 8", purple.

VIRGO (THE VIRGIN).-MAP IV.

1bO. This is the sixth sign, and seventh constellation In the
ecliptic. It is situated next east of Leo, and ahout midway
between Coma Berenices on the N. and Corvus on the S. It
occupies II. conRiderable space in the heavens, and contains,
according to Flamsted, one hundred and ten stars, including olle
of the 1st, six (If the 3d, and ten of the 4th magnitudes. Its
mean declination is 50 N., and its mean right ascension is 195°.
I ts center is therefore on the meridian about the 23d of May.

The ODD eDtlre the rigA Vlrl", OD the 28d of A\J(Illt, bul does not enter the -.ua­
lion before Iho 16th "f September. When the Ion III In tb1I llga, th. eann .. In PiIc:eII;
and ek• ••rla.

161. Alpha, Of'Spica Virginu, in the ear of corn which the
virgin holds in her left hand, is the most brilliant star in this
constellation, and situated nearly 15n E. N. E. of Algorab in
the Crow, about 35° S. E. of Denebola, and nearly as far S. S.

Tau:sooPl'll Oancr8.-Beta? Delta?
i 60. Order and polilion of Virgo? ~tODt? Nomber of stan? Mallnlludel? M~a"

~<oJlnaUon of VIrI!U' 8emark In ene print? 181. Wh.t s.id of Alph., or Sploa Vir



VIRGO. toil

W. of Arcturus-three very hrilliant st~,rs of !llmilar magnitud6
rbat form a large equilateral triaugle, pointing to the S. Arc­
turus and Denebola are also the base of a similar triaugle on
the north, terminating in Cor Caroll, which, joined to the former,
eonstitutes the Diamwnd of Virgo.

162. The length of this figure, from Cor Caroli, on the north,
GO Spica Virginis on the south, is 50°. Its breadth, or shortt~1

diameter, extending from Arcturus on the east to Denebola 011

the west, is 35t0
• Spica may otherwise be known by its soli­

tary splendor, there being uo visible star near it except one of
t.M 4th magnitude, situated about 1° below it, on the left.

The pOBltion of thiB Btar In the heavenB, haB been determined with great enctneBB fQr
the beneflt of navigators. It 18 one oC the stars from which the moon's distance is taken
for rlt"termining the longitude at sea. Its situation is highly favorah1e for this purpose,
\9 it :ies within the moon's path, and little more than 2° below the eat "his orbit.

Its right &scenltlion being 199·, It will come to our meridian at 9 o'clock About the 28th
,f M....y, in tha.t point of the heavens Where the lun il at noon al?out. the 90th of Octobt:r.

163. Beta, called also Zavijat'a, is a star of the 3d magni­
tude, in the shoulder of the wing, 7*° W. of Eta, with which
I1fid Gamma it forms a line near the Earth's orbit, and parallel
to it. Beta, Eta, Gamma and Spica, form the lower and longer
tude of a large spherical triangle whose vertex is in Beta.

164. Vindemiatrix, is a star of the 3d magnitude, in the right
I1rm, or northern wing of Virgo, and is situated nearly in a
straight line· with, and midway between Coma Berenices and
Spica Virginis. It is 19tO s. W. of Arcturus, and about
the same distance S. E. of Coma Berenices, and forms with these
two a large triangle, pointing to the south. It bears also 18°
S. S. E. of Denebola, and comes to the meridian about 23
minutes before Spica Virginis.

165. Zeta, is a star of the 3d magnitude, UtO N. of Spica,
and very near the equinoctial. Gamma, situated near the left
side, is also a star of the 3d magnitude, and very near the equi­
noctial. It is 13° due west of Zeta, with which and Spica it
forms a handsome triangle. Eta, is a star of the 3d magnitud(~

'Jl the southern wing, 5° W. of Gamma, and but 2tO E. of the
autumnal eqninox.

The other Btar. In thlB I\gure may be eaBUy traced by melUUl of the map. About IS' E
or Spica, there are two Itars of the 4th magnitude, 8- apart, which mark the foot of Virgo.
These two stars are on nearly the same meridian with Arcturus,. aLei. culminate nearly
at the lIame time. The lower one, marked Lambda, Is on the Bouth, and but 80 W. of
the principal star in Libra. Several other stars of the 8d magnitude lie scattered about
m this canateUatioD, and may be trac~ oat by the map.

'lillis? Diamond r 162. Length of Virgo? Breadth? How may Spica be luIoWD I
'\lote In line print? 168. DescrIbe Beta? Wh~t triangle r 164. Yndemntri:l Y
tM. Zeta, Gamma and Eta 1 Whee other starR and Itow found?



.. H.r 10"'17 treu.. glow with stalT7 11:."'1;
Btan ornamenl ths brac.lel on ber hand;
Her .,.sl 10 ampl. fold, gil"......Ith sta.. :
Beneath her IDOW)" feet the7 .hiDe; her eyes
Uihlenl aU lIiorlo..., with th. h.aveol7 rayll,
Bulp. th. ltar which crOWOl th. ",Ideo Bheat"

HISTORY.
Accordlog to the anoleol """"" thla ooollellalioo r.pr....oll th. V1rgiD AIlz'ma, .be

l!'odlle.. of Jullc•• who U.,ocf upoa th. earth durlog Ihe ",Id.o age; but being olh1ded
"t the wictedn... and Imple.,. of manklod dorlng the hr.....n and Iron agoo of the world,
:tIle returned to heaven, ud Wall placed amon, the constellation. of the sodiac, with a
pair of IOBle. (Libra) in one hand and a ....ord 10 the other.

He.iOO, who Boarlshed n.arl, a tholUland ,ean before the birth of our B..,lol1r, and
lai.er writen, mention roW" aiel of the world; the goldeD, the silver, the bruen,and the
iron age. In the beglnning of tbinp, say t.hey, all men were happy, and all men were
good; the earth broUl'bt forth her fruita withou& the labor of UJo.I:t.D. i and cares, and
wan Is, wa.. and dlaeaael. "'er. unkno...n. But thll happ". slole nf things did nol last
lung. To the ",Ideo ag•• lh. IU...r age Inoceeded; 10 the IUver the hralOo; and to th..
brasen. lhe Iron. Perpetnal.prlng no lonlt.r reign.d; men conllnnal17 ql1Bl'reled with
IjlLcb ol.her; crime Bucceeded to crime; a:id blasphemy anti murder Btalned the history
of .ver, da,. In Ihe gold.n age, the goda did Dol di.daln to mix fllmUiar17 with the
IOnl of m.n. The lonoceoce, the Iotegrit,f IUld brolherl,lov. which the, found among
08, were a pleasing spectacle even to luperior ua.ture.; but as mllnkind degenerated"
one god after &DOUler delerted their late belli 'fed hauntll; Ast.rlBa lingered the last; but
flndinl th. earth It.eped in hwnan lor., abe h....M 110... a ...ay to th. cel.ltIal relli~DlI.

.. Vlcta Jacet pleta.; .t virgo clede m"d.nl..
IDt.ima eW6stwn u,rral Asuma rellquit."

Mel. Llh. I. v. 149.
":Jalth fie.... , and plet,. In exile mourn.;
Aod~here oppr...'d, to heaven relurn••"

Bom., ho....ver, m"lntaiD. thai Erigone wal changwllnlo the constellatIon Vir",. Th.
death of her '.aLber IearulI, an Athenian, who perisned b7 the hands of lome peuants,
..hom he ha~ Intoxicated with ...ine, caWled a lit of deopalr,1o ...hich Erlgone hung her­
..If; and sl e W&I after...ard. al It i. laid, placed among the sign. of the sodlao. Bhe
...a. direcled b, her faithfUl dog Mmra to the plac. where her father "'a. slain. Th.
lrat hough 00 ...hich abe hung he..elf breaking, Ihe lOughl a .trong.r. 10 order to elfec.
ber purPOIO.

"Thus once In Marathon's Impervioul wood,
ErlgOfUJ bellde her father .tood,
When hellenlng to discharge her plolUl yo....,
Bbe lool'd the luIol, and cull'd lb. Itrongest boughl."

LawI8' BtaIi.... II.. xl.

The famoul .odlac of Dendera, al we ha~t:! already noticed, commences with the sin
Leo; but another zodiac, discovered among the ruins II t Esne, in Egypt, commences with
Virgo; and from thill circumstance, BOme have a.rgued, that the regUlar precession of
lh. equinoxes eotahli.hed a date to Ihll .. t lealt 2000 , ..... older than that at Dender...
The discoveries of Champollion, howeverI render it probable that this ancient relic 0'

astrology at FAme was erected during the rtdgn of the Empl3ror Claudilll, and conse·
quently did not precede the Doe at Dendera. more than fourteen yeare.

Of this, however, we may be certain: the autumnal equinox DOW corresponds with
the first degree of Yirgo,o ami, consequently, if We find a zodiac in which the summer
sol.nce was placed where the autumnal equinos now i", that BOdiac carries us back 90­
on Ihe ecliptic; thll divided b,f lb. annual preclBion 1lO~· must 11x lbe date al about
6460 years ago. This computation, according to the chronotcagy' of the Sacred writings,
carries UI back to the earliest ages of the human lpecicB on earth, and prOYeB, at least,
that astronomy was among the tirst studies of mankind. The most ration&! wal of
accounting for this sodlac, lay. Jamieson, il to ascribe it to the f&IIlily of Noah; or per..
haps to the patriarch hiIWIelf, who constructed it for the benefit or those who should live
after the deluge, and. who preserved it 8S a monument to perpetuate the actual atate ?1
Ule heavens hrmediately subsequent to the creatton.

IIISTOBY.-Acco.wl of lhe poets? lIe.IOO'. ace ,unt? What oth.r lapPollllonP W1lA
'l.odit,cl mentioned, and what calculations, 4:0.'



CANES VENATICI.

TELESCOPIO OBJEOT&

I, /I VIIU>IInB (Spt.Ja}-A splendid star with a minute companIon; B. A. 18h.16m. '7s
Ilec. S. 10' 19' 5'. A I, brillilmt flushed white; B 10, bluish tinge,

II. (3 YroullflS (zariJan}-A bright star with a small companion; R. A. lIh. 42m. 22s.
Ol,.'l:. N. ~~ 4\1' 0·. A a:~, pale yellow; H 11, light blue. I

8. Y Vl.RGUilB--A fine BINARY STAR in the Virgin's right side; R. A.12h. 88m. 838. i D~c.
S. O' 3!' 8'. A 4, silvery white; B 4, pale yellow. A Binary Syslem with a period of
about 157 years. Map. VltL Fig. S. '

4. d VlROUil8-A alar with a distant companion, on the left Bide, about 11- Dorth..north..
west of SpiC&, and nearly midway between y and E Virglnis; R. A. 12h. 47m. 88s.; Dec.
N.4· 16'1". A 834, golden yellow; B 1034, reddish; several small stars in the field.

5. E VIllGnflB (Vond<lmtatriol)-A star with a minute dl~nt companion, on the upper
extremity of the Virgin's left Wing; R. A. 12h. Mm. ISs. ; bee. 11' 49' OS'. A 834, bright
yellow; B Ill, Intense blue. This last color on so small an object is very striking.
. ' 6. A ,.BIPLB BTAB in the lower part of the southern wing, 7' northwest of Spica; R. A.
\8h. 01m. 4Os.; Dec. S.4· 41' 0'. A 434, pale white; B 9, violet; 0 10, dusky.

7. A L.UGB, BUT .A"HER PALS IlBBllLA, between Virgo's left. wing and Leo's tall; B. A.
12h. 06rr.. Ols.; Dec. N. 15' 47' OIl". About 634' from (3 Leonis, towards Arcturus, on the
outskirts of a vast region of Nebula In the Virgin's wing, It is elongated In the direction
of two telescopic ItaTa.

S. A LOBO PA.L&-WHITB l!IBBUL.l, among telescopic stars, on the upper part of the Vir·
gin's left wing; R. A. 12h. 07m. 87s.; Dec. N. 14" OIl' OS'. Situated one-third of the way
frOID B Leonis to • Virginis, on the border of the nIt nebulous region in Virgo. A
curious ol\iect in the shape of a weaver's shuttle.

9. A LUCID WBrrll BLLIPTICAL IlBBllLA, between the Virgin'a right elbow and the Orow ;
It. A. 12h. 81m. 4Os.; De.. S. 10' 48' 07'. Map VIII., Fig. 45.

10. A DOllBLll IlBBllLA In the center of Virgo's left wing; B. A. 12h. lIlIm. 88s.; Dee. N.
12° 26' OJ·. It is 6- west of Vendemiatrix, towarcJ. Regulus, in a 'Wonderful nebulous
region. Map VIII., Fig, 46, showa It on the right, with two other nebu1lll, and several
stars in the figure. .-

11. A PALS BLLIPTICAL IlBBllLA, In the middle 0' the left wing; R. A. lih. Mm. 50s.•
Dec. N. 12' Oll' 09', It looks like a paper lciU, under an arch formed by three teleacopie
atars. Map. Vlll., Fig. 47.

12. A WO!fD1'1lYUL ¥BULOUS REGI01l', about 2~- trom north to BoUth, and 8- trom eaat to
west, Is found on lhe lert wing. It Includes several of the objecta deacrlbed. 'or a
arawing of thla remarkable field, see Map Vllt., Fig, 48.

CANES VENATlCI (THIl: GRBYHOUND8).-:MAP IV.

166, This modem constellation, embracing two in one, was
made by Revelius out of the unformed stars of the ancients
which were scattered between Bootes on the east, and Ursa
Major on the west, and between the handle of the Dipper on the
north, and Coma Berenicelil on the sowth.

These Hounds are represented on the celestial sphere aa being In pursuit of the Great
Bear, which Bootes is hunting round the pole of heaven, while he holds in hi. haud the
leaah by which lheyare faalened together. The northern one Is called .A.Ul'w.., and
the Bouthern one, Chara..

TBLBSCOPIC OB.JEC'I'S.-Alpha r Beta r Gamma I Delta r Epsilon r What triple ltarf
Nebula'P Point out. on the map.

166. Situation of Canes Venatici r By whom formed r How r.prcs£r.led? N"mee of
-.he houlJu.iI'P

4*



ASTRONOMY.

167. The stars in this group are considerahly scattered, and
arc principally of the 5th and 6th magnitudes; of the twenty­
Ii ve stars which it contains, there is bnt one sufficiently large to
engage our attention. Cor Caroli or Charles' Heart, so named
hy Sir Charles Scarborough, in memory of King Charles the
First, is a star of the 3d magnitude, in the neck of Chara, thl'
southern lIound.

When on the merllian, Cor Caroll Is 1130· directly S. of Alloth, the third star In the
handIt: or the Dipper, and t. 80 nearly on the same meridian that it culminates only one
minute and a half ar~.er It. Thia oceun on the 20th of May.

A line drawn from Cor Ca..ll throngh Allothwlll 1e"d to the N. polar star. This star
may also be readily dlstlnguliihed by Its being in a straight line with, and midway between
Bcnetnasch, the first It&r in the handle otthe Dipper, and Coma Berenice8; and also by
the fact that when Ct.,r Caroliis on the meridian, Denebola bears 28· S. W. and Arcturall
26- 8. E. of it, forming with these two stars a very large triangle, whose vertex is at the
north i It II allo at the northern extremity or the large Diamond already described.

The remaining stan In this constellation are too small and too much scattered '" excite
Qur Jnwreat.

TELlI:8COPIO OBJECTS.

I A nomn.a SUR near Chara's month; R. A. ll1h. OSm. 060.; Dec. N. 41· 88' 01". A CI,
fellow; B 9, blue. It Is about 9" soulh of Cor Caroll, and one-third of the distance
between that star and d Leonls. Map VIII., Fig. 10.

2. A IIAQwtftCU"l' CLOBTBR, between the lOuthern Hound atld the knee of Boote.; R. A.
18b. 84m.~. A splendid group, suppooed '" contain not Ie.. than 1,000 stars. Map
Vm., Fig. 49.

8. A P.lIB or Luem 'll'1IlT8 nBULAt, near the e&r of tbe northern Hound; R. A. ISh. 1I8m.
06s.; Dec. N. 48' 01' 01·.

,. A llBOB B 1tBUL.l,lI~· north by west of Cor C&roll; R. A.1ib. 48m. 293.; Dec.
N. 41" MI' 01". n ,p&le-whlte otUee&, compresaed "'ward the center, and with ...'feral
slUall stars In the fteld.

CHAPTER VIII..

CONlilTELLATIONS ON THE KERIDIAN IN JUNK

BOOTES (THE BEAR DBIVEU).-:MAP IV.

168. THE BF:AR-DRIVER is represented by the figure of '" huni+
llJall in a running posture, grasping a club in his right hand, and
holding up in his left the leash of his two greyhounds, Asterion.
tlJ1d Chara, with which he seems to be pursuing the Great Bear
round the poll~ of the heavens. He is thence called Arcto-

. phylax, or the" Bear-Driver."
- ..~----------------

167. DeBcribe the stars In this group? Cor Oaroll?
TIWISOOPIO OBl&C'l'll.-What double slsr' Show on the map? Clusters? Polntoutou'

Ule map? Nebu1so'
h~9. Describe Bootea? Why c&1led the &ar-Drl".r'



BOOTES.

169. This constellation is situated between Corona Borealis
on the east, a'Jd Cor Caroli, or the Greyhounds. on the west.
It contains fifty-four stars, including one of the 1st magnitude,
seven of the 3d, and ten of the 4th. Its mean declination is 20u

N., and it!! meau right ascension is 212" j its center is there­
fore on the meridian the 9th of June. It may be easily distin­
guished by the positiou and splendor of its principle star, Arc­
turus, which shines with a reddish luster, very much resembling
that of the planet Mars.

170. Arcturus is a star of the 1st magnitude, situated near
the left knee, 26° S. E. of Cor Caroli and Coma Berenices, with
which it forms an elongated triangle, whose vertex is at Arc
turus. It is 35tO E. of Denebola, and nearly as far N. of Spica
Virginis, and forms with these two, as has already been observed,
a large equilateral triangle. It also makes, with Cor Caroli and
Denebola, a large triangle whose vertex is in Cor Caroli.

A great variety of geometrical lIgure. may be fonned of the .tare In thle bright region
or the akles. For example: Oar CaroU on the N., and Spica Virginia on the S., constitute
the extreme points of a very large figure in the shape ot a diamond; while Denebola on
we W. and ArctUI'UI on the E., limit tbe mean diameter A" the other poiDta.

171. Arcturus is supposed by some to be nearer the Earth
than any other star in the northern hemisphere.

Five or six degrees S. W. of Arcturus are three .tars of tbe 3d and 4th magnitudes,
lying in a curved line, about 2' apart, and a Iiltle below the left kn~e of Boole.; a"d
about 1 8 E. of Arcturus are three or Cour other stars of similar magnitude, situated In
the other leg, making a larger curve N. and 8.

172. A'Iirac, in the girdle, is a star of the 3d magnitude, 10°
N. N. E. of Arcturus, and about lItO W. of Alphacca, a star iu
the Northern Crown. Seginus, in the west shoulder, is a star
of the 3d magnitude, nearly 20° E. of Cor Caroli, ltnd about the
same distance N. of Arcturus, and forms with these two, a right­
angled triangle, the right angle being at Seginus. The same
star forms a right-angled triangle with Cor Caroli and Alioth,
in Ursa Major, the right augle being at Cor Caroli.

173. Alkaturops, situated in the top of the club, is a star of
the 4th maguitude, about 10tO in an easterly direction from
Scginus, which lies in the left shoulder j and about 4tO S. of
Alkaturops is another star of the 4th magnitude, in the club,
near the east shoulder, marked Delta. Delta is lI.bout 90 dis­
tant from Mirac, and 7t 0 from Alphacca, and forms, with these
two, a regular triangle.

169. How .Ituated' How many st"rs, and their magnitude' Declin..tlon' How die­
tinKuished' 170. Describe Ardul"u8, and it! pOlllition P "'hat triangles? What dis·
nond l' ITl. Supposed nearness or Arcturus? 172. Describe Mirac and Seginus f
'~hat trianltlea? 178. Situation an.! ma~iturle of Alkaturops? O~ D~lt"r
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ASTRONOMY.

1'14. Ntkkar is a star of the 3d ma.~Ditude, situated in tht:
head, and is about 6° N. E. of SeginuIl, and 5' W. of .Alkatu­
rops; it forms, with Delta and Seginus, nearly a right angled
triangle, the right angle being at Nekar.

Th..... are the principal .tan In thl. con.tellallon, c:<cept the lhree .tar. ~f the 41h
magnitude .Ituated In Ihe right hand. The.e.tan nl"y be known by I'll'. of Ihem beiDg
c1U11e together, &Dd about II" beyond Benetnuch, the Ilr_t .tar In the haDille of the Dil~

pcr. About 6" E. of Benetnaoch I. another .tar of lh. 41h magnitUde, .ilDaled In lh"
MOl wblch formo, willi BenelDaoch &Dd lIIe lIIree In the hand, an equlialeral triangle.

175. The three stars in the left haud of Bootes, the first in
the handle of the Dipper, Cor Caroli, Coma Berenices, and
Denebola, are all situated nearly in the Ilame right line, running
from northeast to southwest.

.. Boote. follow. with redundant lI11ht;
l'fItiIt-:!otW .tan he houlII; one gn"rdIl11e Bear,
Thence call'd -A_, of re.plendenl fron&,
The pride of theJlr'6f, ONUl': elgh I are "eII'd,
lDnoible to the unalded eye."

MANtLJUS thns speaks of this constellation :-
" And next \t()ote8 comel, whose order'd beama

Present a IIgure dri,,1ng of hill lesm•.
BeloW' hhl girdle, near btl knees, he bear.
The bright -Arat........ falr••t of Ihe .tars."

116. Arcturus is mentioned by name in that beautiful passage
in Job, already referred to, where the Almighty answers "out
of the whirlwind," and says :-

" 0&n8t thou the Ikl"e benevolence restrain,
And caU8e Ihe PI.lades to .bine In nin r
Or, when Orion sparkles from bil sphere,
Thaw ti'e cold BealODI and unbind c.h~ year'
Bid M.....arotl1 ~Is wonted station know,
And teach 1II. bnsnt -AreW"" where to glow r"

Yovng'. ParaphraH.
IllilTORY.

The ancient Greek8 called this constellation Lycaon-a name deri"ed from AVKO',
which slgnl1l.e. a 'IDOl/. The Hobrew. called It Cakb -A1WbaM, Ihe "Barking Dog;"
while the Latins, among other names, called It Gam&. If we go back to the lime wben
Ta111'U8 opened the year, and when Virgo was the fifth of the zodiacal signs, we .hall
find that brilliant star ArcturuI, 80 remarkable for ib red and fiery appearaDce, corres­
ponding with a period of the year &1 r"markable tor ft!i heat. Pythagoras, who intra·
duced the true system of the unlv~rse Inlo Greece, received it from <Knuphis, a priest 01
On, In Egypt. And this college of tht: priesthood was the noblest of the east, in cultiTat­
lng the studies of pbllosophy and astronomy. Among the high honors which Pharaoh
crmferred on Joseph, he very wisely gave him in marriage U a daughter of the pri.est of
On." The supposed era of the book of Job, in which ArclurUoB is repeatedly mentioned,
i. 11118 B. O. .

naotes is supposed by lome to be Icarus, the father of Erigone, wbo was killed by
Ihepherds for intoxicating them. Others maintain tllat it is Erlchthonius, the inventor
of chariots. A("cording to Grecian table, as wdl as later authorities, Bootee was the son
of Jupiter and CaUsto, and named Arcas. Ovid relates, that Juno, being inc~nsed at
Jupiter for his partiality to Calisto, changed her Intu a bear, and that her 80n Areas, who
beeame a famouB bunter, one day roused a bear in the chase, and not knowing that it

174. Of N.kkarr ADY other stars' 175. What said of three .tars in the hand of
Bootes r 176. What star In Bootes mentioned in the Scriptures r Poetic quotation r
HI~OBY.-Greek name of this constellation P Hebrew P 'lrecian fable r OvldJ

..



BOOTEtl.

"-I'I bll motber,wu aboutlo lrl11 ber, wbeu Jupiter Inalcbed tbem b~lII up lo "-VUl
."ad placed tben among tbe con.tellation.. Met. b. 11. v. 496-608.

M But now her BOD had fifteen summers told,
Fierce at the chase, a.nd in the forest bold;
When a8 he beat the woods in quest of preT,
.de chanced to rouse hi, mother where ahe la,_
She knew her .on, and kept him In her .Ight,
And fondly gazed: the boy 11'1'. in a frigbt,
And 8lm'd a pointed arroW" at her breast;
And would have slain hi. mother in the bea.t:
l\Ilt Jove forbade, and .nalch'd them through the air
In whirlwinds up to heaven, and b'd 'em there;
Where the new constellatioDs nightly rise,
ADd add a luster to the northern skieR."

Garth',T~

Llle.... In hill Phar,alia.~

.. That Brutus, on the busyllmellntent,
To virtuous Oato's bumble dwelltng went,
'Twas when the solemn dead of night came OD,
When brigbt 0aJUt0. vrithlwrIh~ ......
Now balf that circle round the pole had run."

Thll con.teDalion II called &iota, say. Cicero (Nal. DtD. LIb. «. 42). from a Gr•••
word .Ignlrytng a wagoner, or plougbman; and lometim.. batopA~from two G..~•
..ord••ignif7lng bear-keeper or bear-driver•

.. Arclopbylax, vulgo qui d1cltur e••e Boatel,
Quod qU&lI lemone adJunetum prse 10 quatit Arclum."

The .tar. In thll region of the.1dea lOem lo have allracted the admIraUon of almo"
1II1 the eminent wrlten of antiquity. Olandlan oblOnel, tbat

.. Bootes w-ith his wain the north unfolds;
Tbe lOuthem gate OrIon hold....

And AratUl. who Bourillhed nearlJ' 800 ye&rll before OlaucUao, ..,.,
" Behind, and seeming to urge 00 the Bear,

A-.lophylU:. on earlll Bootel named,
IlboJI o'er the Aratle car bill .Ilver light."

Thill II lIIe poet whom Ilt. Paul referl lo when he telll the AlIIenlanl. Acll svll.lIS, thaI
"some ot their 01m poets haTe Aald, 'Tov yap "'Cat yevo; €aIlEV:' Par we are also
his off~prlng~" These words are the begtnninll' of the ~th line of the U Phenomena It of
Aratu., a celebrated Greek poem written iI. the reign of Ptolemy PhUadelphUl, two
thousAnd one hundred ye.ara ago, aDd afterward translated Into Latin verse by Oicero.
Aratwl WlUI a poet o( St. Paul's 01m country. The aposUe borrows Bgain from the lame
poet, both In hiB EpiBtle to the Galatlan., and to TitUl. The MSbJod of the poem w,,"

grand and Intere.ting: hence we find it referred lo In the wrlling. of Ilt. Olement, Ill.
Jeromo, 5t. Obrysostom, <BcumenlulI, and otherB~ As this poem describel the nature and
motioDs of the stars, and the origin of the CODltellatloDB. and la, mareOTer, one of the
oldest compo.IUoDS extant upon thtB Interesting .ubject, the author hILI taken lome
Daln. lo procure a Polyglot copy from Germa"1l, together with lIIe.Aatronomicon of
Manitius, and some other works of similar antiquity, that nothing should be wanting on
hi. part which could Impart an Intereltto the .tudy of the con.teDatlon•• or Wu.Uate
Ule (rf"quent a!luslon. to them which we meet with in the Scripture&.

Dr. Doddridge sa1s of the above quotation, that Ii theBe words are well known to be
found In Arain.t a poet of Paul's 01m country) wbo lived almost 800 years before the
apoRtle's time; and that the same words, with the alteraUon of only one letter, are to
be found In the HfI'J'f' qf Cleamha, lo Jupiter, the~ God; wbleh ill. beyond
comparilOn. the pure.t and flne.t pIece of "",hlral roUqlim, of III length, which I tuo"
in the whole wor'd of Pagan antiquity i and 'Whicht 110 far as I can recollect, containl
nothing unworthy of a Chrl.tian, or, I had almo.t .aid. of an In.plred pen. The aJlOlUt
miR'ht perhaps refer to alea~8, All well as to his countrYDlan AratuB.n

Many of the plomeota and fable. of heathen mythology are .0 blended with the

acconnt, Lucan and CIcero? Olaudlan' Aratos' Who '11'1'. AratUl? Whatremark
able quolatlen? Remark of Doddridlle? What otber pu.age cited byllt. Paul? J'rolll
...!tom?
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In.pAred wrlUngs, that tbey mat need. be studied, more or leu, In order to h&ye .. !DOrfl
prO)lt'f und~rltandllli of numerous pusagee both In the Old and New Teltament.

The gft~at spoltle of the Gentiles, In utterinlf htl Inspired lif'oUmentaJ, aDd in penniDR'
hi, ephille., often refera to and IOmeUmel quote. verbatim tram the dilUoguiahed writen
wh(, pr~wed him.

Thus, 10 1 Cor. n. 88, "e ha..e "M7J 7I"Aava,lJe· • 4>lJelpova", 7J1J7J XP1/alJ' 01'1;"10..

CCaKal..' Be not deceived; evil communication. corrupt good wanners i" which is s.
iteraLl quotation by the apostle from the Thais of )1~llander, aD Inventor of Greek
eometly, aod 8 celebrated AthenlMD poet., who flourished nearly 400 yean before the
.lpostle "fote hi. epistle to tbe Corinthians. ThWi Paul adopts the sentiment of th~

:OIIH'dian, agd it becowu hallowed by .. the dtvinitT that etirred within bim." Tertul·
.lan remark_, that U in quoUug tbitl, the apol1t1e ha1.b sanctified the poet's .entiment..1t

TKI.&BCOPIC OBJECTS.

1. a BoOTI8 (Arcturul)-A DOU8LK 81''''; B. A. l'h. OSm. lI2a.; Dec. N. 110" 00'11'. A 1•
•eddilh ,.0110"; B 11, iliac.

i. B lIoOTI8 (N.klwr}-A ol&r wllh a dillant oompanloo In the he&<! or the I\guro; R. A •.
14h. Mm. Mo.; Doo. N. 41' 01' 0'. A 8, goldon ,.ellow: B 11, pale gre,.

8. d IIoOTIB-A Il&r "lth a diltaot comp&l1lon In tbe left Ihoulder; B. A •1Gb. 0lIm. 088.;
Dec. N. 83' W'lI·. A 8~, pale,.oUo,,; B S~, light blue•

•. e lIoOTI8 (Jllrac)-A DOuaLK ITU In the lere hlp; R. A. Uh. 88m. 00..; Dec. N. 2T"
.1:)' 1'. A 8, pal. orang.; B T, lea green. A 10"e17 oIdeot-<olon dllUoc&, aod Itroog!y
conkaeled.

0. r; lIoOTlII-A clooe DOUBLS "'AIl on the len lei; R. A. 1'h. 88m. 811.; Dec, N. 14' 2:1'
I'. A 8~, brllht "hlte; B .~, blullh whIte.

8. 7' BoOTIO (Jlufrlde)-A ol&r with a dlotant companion on the rIght lei; R. A. 18lL
'7m. 0'0.; Dec. N. 111' Ii' 0'. Abont 0'" "elt b"lOuthor Arctllr\lll. A 8, pale ,ello,,;
B 10", lilac.

T. 1 lIoOT_A DSLlC...S TIlIPLB BT... ln the rlgh&band (Map VI.); R. A.l4h. 10m. 800.;
Dec. N. Ill' 06' ". A aod B''', pale ,.eUo,,; C S. cream,. "blte.

S. ~ lIoOTnr-A Bltu.... BTU on the len knee; B. A. Ull, 44m. 00..; Dec. N. 19' 46' I'
A 8l!i, oraoge; B 6l!i, purple. SUPpoiod period 400 ,.ean.

11. A IlICB Gaour or otan In the ..Ictoll,. or Arclllr\lll, and ourroDDdlng that otar. }Ia)
be leen "Ith Imall teleocopel. Map Vill., l'ig. llO.

10. A PALS WHITB .aULA. in a nebulous fleld, "1 north northeast of .AlItald; R. ~
.db. OTm. 811.; Doc, N. l\ll' OS' 8'. About 0' loutboalt or NliJar. A dllIleult objecl
except "Ith a good Inltrumenl.

11, A ""ITS BOUIID SUlJL.l oear tho right ohoulder; R. A. 14h. 11m. ""-; Dee. N. 1l7"
14' ". Pale, except at the oenter-lelelCOplo otan In the IIe1d.

NOCTA (THE OWL).-YAP IV.

11'1. This small asterism is situated between the feet of Virgo,
on the north, a.nd the tail of Hydra, on the south. It has butfe\\'
stars, aud ,those only of the 5th and 6th magnitudes. It is often
omitted altogether from the constellations.

CENTAURUS (THE OENTAUX).-YAP IV. AND VII.

118. This fabulons monster is represented by the fignre of &

man, terminating in the body of a horse, holding a. wolf atl1rm't

TSLIIlCOPlO OIlo1JICI'8.-Alpha' Be'" ' Dell&' £pollon' Zeta' EI&' Iota' XIf
What rich group' Point ont OD the map. What nebul", , ,

111. De..rf)e Noeta.lto oll.u&tlon, otan, Ae.
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length in one hand, while he transfixes its body with a spear in
the other.

Althongh this constellation occupieS' a large space iu the
sonthern hemisphere, yet it is so low down that the main part
of it cannot be seen in our latitude. It is situated south of
Spica Virginis, with a mean declination of 50°. It contains
thirty-five stars, including two of the 1st magnitude, one of the
2d, and six of the 3d ; the brightest of which l;tre not visible in
tlJ() United States.

1 '19. Tketa is a star of between the 2d and 3d magnitude, in
the east shoulder, and may be seen from this latitude, during the
month of June, being about 2'1° S. by E. from Spica Virginis,
Rnd 12° or 13° above the southern horizon. It is easily recog­
nized in a clear eveninp;, from the circumstance that there is no
other star of similar brightness in the same region, for which it
can be mistaken. It is so nearly on the same meridian with
Arcturus that it culminates but ten minutes before it.

Iota Is a star or between the 4th and 11th magnitude, In the west shoulder, II"" w. or
Theta. It is about 26" almost directly south of Spica VirginIs, and i. on the meridian
nearly at the lame time.

Nu and Nu are atars o! the 4th magnitude, In the brea8tt very near tOletber I and form
(\ regular triangle with the two stars in the shoulders.

A few degrees north of the two stars in the shoulders, are four small Itara In the head.
The relative position of the stars in the head and Iboulder. ia very limilar to that of the
staTs in the head and "houlders of Orion.

mSTORY.
Centaurs, In mythology, were a kind of fabulous monsters, half men and half horses

rhls fa.ble Is, hi 'wever, differently interpreted; some suppose the CentaurB to have been
& body of shepherd! and herdsmen, rich in cattle, who inhabited the mountainll of Area.·
dis, and to whom 1;5 attributed the invention of pastoral poetry. But Plutarch and Pliny
are of opinion that such mODsters have really existed. Others say, that under the reign
of Ixion, king of Thessaly, a herd of bulls ran mad, and ravaged the whole country,
rendering the mountains inaccessible; Bnd that some young men, who had found the art
;)f taming Bnd mounting horses, undertook to e:xpel these noxious animals, which they
pursuet.i on horseback, and thence obtained the appellation of OMtaIlW8.

This SUCCetl8 rendering them insolent, they insulted the Lapithm, a people of Thessaly;
and because, when attacked, they fled with great rapidity, it was suppoBed that tht'y
were half horses and half men; men on horses being at that period a verr uncommon
1igh!, and the two appearing, especially at a distance, to constitute but one animal. 80
tht: Spanish cavalry at first seemed to the astonished MeXicans, who Imagined the hortie
::.nd his rider, Uke the Centaurs of the ancients, to be Borne monstrous animal of a ter·
riNe form.

'fhe Centaurs, in reality, were a tribe of LapithE, who rf.sided near Mount Pelion, anll
1rllt invented the art of breaking horses, a8 intimated by Virgil.

.. The LapilhRl to chariot. add lhe state
Of bils and bridles; taught the steed to bonnd
To turn the ring, and trace the mazy ground;
To stop, to fly, the rules of war to know;
To obey the rider, and to dare the foe."

Centaurus b sO low down In the Bouth thai it would be of no service 10 describe Its tel.
scopic objecl•.

118. How is Centaur.s repre.enled! III situation! Number erstars, .t,., lTll. Thet"
100a, Mu, Nu, 4::c.'
uJ~kT.-Whatwal Centaurus? Different opinions?
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LUPUS (Tim WOLF).-MAPS V. AND VII.

180. This constellation is situated next east of the Centaur,
and south of Libra; and is so low down in the southern hemi­
sphere, that only a few stars in the group are visible to us. It
contains twenty-four stars, including three of the 3d magnitnde,
and as many of the 4th i the brightest of which, when on the
meridian, may be seen in a clear evening, just above the southern
horizon. Their particular situation, however, will be better
t,raced out by reference to the map than by written directions.

The most favorable time for observing this constellatiou il'
toward the latter end of June.

HISTORY.

ThII CODIteil.. llon, ..ccordlng to f..ble,ll Lyc..on, king of Arcadl.., who lI..ed ..bout3G01J
years ago, and was changed mto a wolf by Jupiter, because he otrered human victim. OD
the &1tan1 of the god Pan. Some attribute this metamorphosis to another cause. The
.Jna of mankind, as they relate, had become so enormous, that Jupiter visited the e8rtb
to pllDiBh It. wickedness and impiety. He came to Arcadia, Where he waS announced &s
"god, aod the people began to pal proper adoration to hiB divinity. Lyc&On, howev~r,
who usel1 to aacrUlce &II straogen to his wanton cruelty, laughed at the pious prayen
of his lubJecto, ond to try the divinity of the god, Ber..ed up human lIem on his table.
This Impiety BO oll'ended Jupiter, that he Immedi.. tely deBtroyed the houue of Lycann.,
nnd changed him Into .. wolf.

"Of these he murden one; he boils the fleah,
And lays the mangled morsels In a dish;
Some part he routa i then Berve. it up so dreaa'd,
And bids me welcome to his hwnan feast..
Moved with disdain, the table 1 o'erturned,
And with ....englng lI..mes the p..lace burn'do
The tyr..nt In .. rrigh t for Bhelter ga!ns
Tbe neighboring lIelds, and Bcours along the pl..lnB:
Howlinl he fled, and fain he would have spoke,
But human voice hill brutal tongue forsook.
lIil mantle, now hi. hide, with rugged hairs,
Cleaves to his back: a famish'd face be beal'll;
Hil anul dellCend, his shoulders sink away
To multiply his legs for ch.... of prey;
He groWB .. wolf."-OlIid. xa. B. L

TELESCOPIO OBJECTS.

1. a LIlJ'I-A ltar with .. diltant comp..nlon, In Ihe t..iI of Lupus; R. A. lit !I:lm.
4101.; Dec. S. 11' 06' Ii'. A 8~, p..le rellow; B 9~, grey. To lind, dr..w .. line from.
the central Itar of Orlon'l belt, through 8 and Ito nebulous patch on the Iword, ..1 low
dOwn, and Sirius, and you meet a LupL

1I. {3 LUPI-A OOUBLII STAll; R. A. lih. 21m. lIllo.; Deo. S. 20' liS' Ii'. A '4, deep yel­
low; B 11, blue.

8. r LUPI-A wide TBIPLII STAll In .. barren lIeld; R. A. lib. 81m. 480.; Dec. lI!:"
SO'lI·. A4,lIght ;yellow; B 6~, pale green; C 18, dusky. A line from d OrIonls th.oUl\"h
the second cluster, and carried 16- beyond, falls upon it.

4. A bright STlILUoB RBOUL.l, of .. milky white' tinge; R. A. lih. I1m.rol. Dec S. :u'
89' 9". A fine ol\lect blazing tow..rds the centre.

180. Situotlon of LupuI' Numb<!r and magnitude of Its .tarol BeBt time to ob,e...e r
HISTORY.-What wos Lupul o,lglnalJy r Why changed ..nd by whom' D....ribrJ bi

..hat poe"
TRLBBOOPIC Oo... tT!l.-Alphaf Beta' Gamma? What Nebul:.'
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LIBRA (THE BOALES).-MAP IV. AND V.

181. This is the seventh sign, and eighth constellation, flom
the vernal equinox, and is situated in the Zodiac, next east of
Virgo.

The sun enters this Iig-n, at the autumnal equinox, on the 23d
3f September j but does not reach the cunstellatiun. before the
2Hh of October. When the snn enters the sign Libra, the
days and nights are equal all over the world, and seem to
observe a kind of equilibrium, like a balance.

When, however, It is said that the vernal and autnmnal equlnosel are In Ariel and
Libra, and the tropics in Cancer and Capricorn, it. must be remembered that the Biqrns
Aries and Libra, Cancer and Capricorn, and not the constellations of these name., are
meant: for the equinoxes are now in the constellations Pisces and Virgo, and the tropics
In Gemini and SagUtariUll; eacA _tSllaUOn ht.wl1l{/ (/O'M>.ftw'uxw<I. O'M> Bi9A w. Ike
ecUpUc.

About 22 centuries ago, the <JOnlItell<Uion Libra coincided with the M(J1I Libra; bat
baving advanced 80- or more In the ecliptic, it is now in the nun Scorpio, and the can·
atellatiou Scorpio Is In the n(/n Sagittarius, aad so on.

While Aries is now adnnc.cl a whole sign above the equinoctial point Into north decll­
Dation, Libra has descended as far below illnto BOuth declination.

182. Libra contains fifty-one stars, including two of thtl 2d
.nagnitude, two pf the 3d, and twelve of the 4th. Its mean
declination is 8° sonth, and its mean right ascension 226°. Its
lJenter is therefore on the meridian about the 22d of June.

It may be known by means of its four principal stars, forming
a quadrilateral figure, lying northeast and southwest, and
having its upper and lower corners nearly in a line running north
and south. The two stars which form the N. E. side of thlo
sqnare, are situated about 7° apart, and distinguish the NlIPhern
Scale. The two stars which form the S. W. side of the square
are situated about 6° apart, and distinguish the Southern Scale.

ZtMJeneochamaU, In the Southern Scale, about 21· E. of Spita, and S· E. of Lambda
Virginia, il a Bur of the 2d magnitude, and is situated very near the ecliptic, about 42~·
E. of the autumnal equlnos. The distance from this star down to Theta Centaurl II
about 28·, with which, and Bplca Vlrginls, It forms a large triangle, on the right.

ZUb6Ragemabi, the uppermost star in the Northern Scale, is also of the 2d magnitude,
9~· above Zubeneechamali, to....ard the northeast, and it comes to the meridian about
twentY·l!lix minutes after it, on the 28d of June. Zubenelgemabi is the northernmost of
the four bright .tars In this figure, and Is esaclly opposite the lower one, which is 11·
louth of It.

ZrdJenJwlcraln Is a star of the 3d magnitude In the Northern Scale, TO B. E. of Zuben.l­
gemabl, and nearly opposite to ZUbenelchamali, at the distance of 11- on the ea~I\,.

These two msJite the diagonal of the square east and west.
Iota Is a star of the 4th magnitUde, and constitutes the 80U'I1 ernmost corner of the

lCJuare. It Is about 6· S. E. of Zubeneschamall, and 11· B. of Zuoenelgemabl, with whid.
l& forms the other diagonal north and Bouth.
~ Is a star of the 3d magnitUde, situated below the Southern Scale, .t tho

181. Order and .Itnation of Libra? What ciroam.tance suggesting a balance? What
remari<ll respecting the distinction between the n(/n.! .ad the constellations? 1811. Num­
ber of stars in Libra!' Its mean declination' Right ascension' When on the mert­
dian' How may it be known' Describe the four stars_ Olo~ing remarks'



TELESCOPIO OBJEOT8.

Remark of Haurlce' What general lappo.ltlon f

ASTRONOMY.

41.tan"" of S' from Iota, amI mark. the lOuthern limit of the Zodlae. It III aitoated [n •
right line .1th, and nearly midway betw~en Spica Virgiols and Beta Scorpionis: and
comet to the meridian nearly at the lame moment with Nekkar, In the bead of Boutea..

The remaining "tara In thll conatellation are too Imall to eDgage attention.
Tbe achol..r, In traelng out thl. eonltellatlon In the bea..ena, will perceive tbat Lambda

and )Iu , which lie tn the feet of Yirgo on the west, form, with ZUbeneachamall and
ZUbenolgemabl, almoat .. Iaandaome and porfect a IIjrure, .. the other two &tara ill the
Balance do on the out.

HISTORY.

Vlr,o wa. tho ,oodeal of jUltlce, ond Libra, tbo ocalel, whleh .bo II DlU&lIy repre­
lented u boldtill' In her left hand, are the appropriate emblem of her offtce.

Tbe Libra of the Zodiac, .ayl )Iauriee, In bl. Indian Antlquitleo, I. perpetually oeen
upon all tbe bleroglyphlel of Egypt; whleh III at oneo an aflUmeD! of the .....t antiquity
of lhl. a.terllm, and of the prob.bilLy of itl ha..lng ueen or!llnally fabrleated by lbe
altronot'lical IIODI of MisTaho. In lome few loci18C8, AJltni:~, or tbe Ylrgin who holds the
balance In her hand .. an omblem of equal Juatiee, 10 not drown. 8ueh aro lbe sodlaea
of Eane and Dendera. Humboldt 10 of opinion, that altbough the RomanI Introdueed
'hll conateDation Into their .odlao In tbe reign of Julluo c...ar, aWl It migbt ha..e been
used by the Egyptiaol and other natrons of vory remote antlquity.

It 10 generally auppoaed that the ftgure of the balance baa been uaed by all nationl to
denote the equality of the days and nights, at the period of the 8l1D'. arriving at this
Jign. It has abo beeD oo.erved, that at this seaSOn there is a greater uniformity in th..
temperature of the air aU over the earth'. surfa.ce.

Others amnn, tha.t the bMm only of the bulance was at first placed among the st&rs,
and that the Egyptians thUB honored It as their Ni/.rwn-ettr, or tmtrument by which they
measured the inundations of the Nile. To tbis custom of measuring the watera of the
Nile, It io thought the prophet alludel, wheo he deoerlbe. the Almighty .. rneattVriflj/
II", water. in the fwUow ofhi.8 h",Id.-laa. "I. 12.

The ancient husbandmen, according to Virgil, were wont to reganl thltl alga. &a indi
~i.ting the proper time for lOwing their winter grain :-

"But when Astrlea'a balance, hung on high,
Betwl"t the nighto and dayo divldel the Iky,
Then yoke your osen, lOW' yOW' winter grain,
Till eold Deeember eamea with dri..lng rain."

The Greek. declare that tbe balauee WBI placed amoDg the ltara to perpetuate tb.
memory of )[ochus, the inventor of weights and meaIUI"es.

Those who refer tbe constellation. or the ZodIae to the twel..e trIbeI of Ior..,1 &ler!""
the BaiaDOO to Alher.

•
1. a LIBR&-A wide DOUBLB STAB; R. A. 1411. 42m. 02s.; Dee. 8. 15' 22' S·. A S, pal'

ye,low; B 6, light grey. Ca.rry a line from Arcturus to Spica; and from thence a rect­
angular ODe about 22° to the eastward.

2. j~ L'aIlM-A looae DOUlJLB aUB; B. A. 15h. 08m. 248.; Dee. 8. S' 41' 4'. A 2~, pale
em~rald; B 12, light blue.

3. ~ UBR&-A fiDe TRIPLE STAll, between Libra and the right leg of Ophluehus, 16' from
Alllarea, towards Serpentls; R. A. 15h. Mm. 859.; Dee. S.10· M' $.. A 4~, bright
"hlte; B 5, pale yellow; 0 1~, grey. }Iap VIII., Fig.n.

(. A CLOSlI CLOSTBa, over lhe beam of the Sealea; B. A. 15h. 10m. lI68.; Dee.N.2· 41' S·.
A superb object, with a bright cen ual blaze, and ouUines in all directions. Map IX.,
It·ig.61. Appears nebulous through smallln1!trumenta.

5. A LU"'K OOIfPRIlSSKD CLUST"" of minute ataro; B. .&..16h. 0810. 0&1.; Dee. S. 20' 26'1".
Faint and pale.

H'.TO....-Who wao Virgo, le. ?
\A"hat other explanations?

9'JIUIIIIOOPIC ORJRUrM.-Alpha? Beta? What triple ltar' Ilap' OIUlt«. and Hap f
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SERPENS (THE llERP:&..TI).-PLATE V.

183. There are no less than four kinds of serpents placed
among the constellations. The first is the Hydra, which is situ- .
~ted south of the Zodiac, below Cancer, Leo and Virgo; the
"t'cond is Hydrus, which is situated near the south pole; the
third is Draco, which is situated about the north pole; and the
fourth is the serpent called Serpens Ophiuchi, and is sitnated
chiefly between Libra and Corona Borealis. A large part of
tbis constellation, however, is so blended with Ophiuchus, the
Serpent-Bearer, who grasps it in both hands, that the concluding
description of it will be deferred until we come to that constel­
lution.

.. The &>-ptJM OpMv<J1Il winds hi. spire
Immense: fewer by ema. his figure trace i
~ of the lecond rank; ten shun the sight·
And seven, he who bears the monster hides.J.

184. Those stars which lie scattered along for about 250
, in Ii

serpentine direction betwoen Libra and the Crown, mark the
body and head of the Serpent.

About 100 directly S. of the Crown there are three stars of
the 3d magnitude, which, with several smaller ones, distinguish
the head.

185. Unuk, of the 2d magnitude, is the principal star in this
constellation. It is situated in the heart, about 100 below those
in the head, aud may be known by its being in a line with, and
between, two stars of the 3d magnitude--the lower one, mllrkeu
Epsilon, being 2tO

, and the upper one, marked Delta, about 5tO
from it. The direction of this liue is N. N. W. and S. S. E
Unuk may otherwise be known by means of a sma.ll star, just
above it, marked Lambda.

In thBt pBrt of the Serpent whIch lies between CoronB BorealIs Bnd tho Scales, Bboul
:a. dozen ItatS may be counted, or which five or six are conspicuous.

For the remainder of this constellBtlon, the student Is referred to 8erpentarlus
.. VB.t BS the StBrry Serpent, that on hIgh

Tracks the clear etber, and divides the sky,
And southward Winding trom the Northern Wain.
Shoots to remoter spheres ito glittering train."--srau....

HISTORY.

The llivltes, of the Old Testament, were worshIper. of tho IIerpent, Bnd ..ere cBlIetl
Qphite8. The idolatry of these Ophites was extremely ancient, and was connected witb

188. How many serpents among the constellations? DeBcribe each. WhIch here
«ferred to' 10 It full.r describetl' 184 What StBI"I mBrk the bod.r and head' 181l.
Name the principal star. Where dituated and how known 1

1I'8TOR' -What said of the Hirttes r TradltJon r..pectIng Ophluchus r Soppooed
S;ripture reference'



y-! ASTRONOMY.

Bu1J-um, or tb. woroblp of tb. bOlt or h.aven. Tb. her..,. of th. Opa.lteo, mentioned
by Mosbeim, In bis Ecclellutlcal H\IIto'7, originated, perhapI, In th. admiBlion Into the
ChrisUlUl churcb or some rewnant or the ancien I and puplllar sect or Sabeists, wbo
adored the celestial Serpent.

According to ancient tradillon, OpblncbUB is tbe celebrated phTlI.lan ..£sclllapi,,", son
of Apollo, who wal Instructed In the healing art by Chlron the Centaur; aud the ser­
pent, wbicb III bere placed In bil bandl, il underotood. by som. to be an emblem or hi.
lagacity and prudence; while othen luppose It Wal desigoed to denote bis Iklllin heal­
Ing tbe bite of this reptile. Bibllea1 crillca imagln. that this conltellation II alluded to
In tbe following puaage or the book or Job :-

.. By bil 1P1rIt H. bath garnished tbe Heavenl; his hand bath formed the crooked ser­
penl." Hr. Green SUppaoel, bowever, that the Inlpired writer here reren to Draco
becaUBe it t. a more obvious coDitellatioD, being nearer the pole where the cODstellatioD_
were more unlvenally noticed; and moreover, because it iB a more &Detent constellation
Ihan the Serpent, and tbe hleroilJphkl by whklh th. Jl:«Tptiald UBuaI17 repl'eaented th.
heavena.

'l'XLIIlIlCOPlO OBJlWTll.

1. 0 S_(U1W.I:}-A ltar with a mlnnle companloD on th. heart of th. Serpent;
n. A. 111b. sam. ll8L; Dee. N. 8'Illl'lI', A I~, pal. yellow; B Iii, lin. blue. An ext.remel;p
delicate object.

2. IJ Sap.....-A delicate DOUIIU 1IrAJ1ln the Serpent'l under Jaw; R. A. 111h. 88m.
480.; Dec. N.111·Illl'l·. A 8ltl, and B 10, both pal. bin••

8. d SEIU'uTI&-An elegant DOUIIU lira In the bend or th. neck; R. A.1I1h. 21m. lOe.;
Dec. N. 11' 04' 1'. A 3, bright wblte j B ll, bluisb While, A lin. object, about II' N. w.
or Unal<.

4. 1/ lIuPDTI&-A star with a minute companion In th.8erpent's body, nearly mldwa;p
between 1/ Opbluchl and a Aqul1al; R. A. 18h. 18m. 021.; Dee. II. 2' ll6' 0'. A 4, golden
yellow; B 18, pal. lilac. A delicate and dUllcult object.

ll. v SElU'UTI&-A wide DOUIIU lirA. In tb. middle or tb. Serpent, 4' northealt or 1J ;
n. A. 1Th. 11m. 4lII.; Dec. II. 11' 40' 1" A 4~, pal. lea-gr••n j B 8, lilac, with a third
Itar In the IIeld.

8. A delicate DOUIIU ST"!> R. A.1I1b. 11m. 081.; Dec, N. II" Ii' 8", A II~. pale yellow
B 10~, lilbt gre7. Look w- lOuthweot or a Serpentil, M' lonth.ut of Arclurua.

CORONA BOREALIS (TBB NORTIIERN ORow);"),-MAP V.

186. This beautiful constellation may be easily known by
means of its six principal stars, which are so placed as to form
a circular figure, very much resembling a wreath or crown. It
is situated directly north of the Serpent's head, between Bootes
on the west, and Hercules on the east.

Tbll aaterllm was known to the Hebr.... by tb. name or AIaro0, and b7 thll nam~

the ltan In Corona Bor.alis are called, In the East, to this day.

181. Alphacca, of the 2d magnitude, is the brightest and
middle star in the diadem, and about 11 0 E. of Mirac, in Bootes.
It is very readily distinguished from the others both on account
of its position and superior brilliancy. Alphacca, Arcturus, and
Seginus, form nearly an isosceles triangle, the vertex of which is
at Arcturus.

TJILBl!ooPio OB.nicrs.-A1pba' B.ta' Delta' Eta' Nu' &c.
188. lIow may Corona Borealis be known' Wh.re situated' Its Hebrew _i

181. Delorlbe A1phacca' How d1stingoisbed' What trilWj"lt!'
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188. This constellation contains twenty-one stars, of which
only six or eight are conspicnous; and most of these are not
larger than the 3d magnitude. Its mean declination is 30 0

'

north, and its mean right ascension 235 0
; its center is therefore

on the meridian about the last of June, and the first of J.uly.
" And, near to H~, efrulgent ray.

Beam, Artad~, from thy starry croWD :
Twenty and""" her stan; but eight alone
CODspicuous; Ofk' doubtful, or to claim
The second order, or accept the third."

lllSTORY.

This beautlM little eluster of slars Is said to be In commemoratlou of a cro"" pre­
sented by Bacchus to Ariadne, the daughter of Minos. second !dng of Orete. Theseus,
king of Albens (128ll B. 0.), 'II'as shut up in the celebrated labyrinth of Orete, to be
devoured by the ferocIous Minotaur which was confined in that place, and which ullually
fed upon the chosen young men and maidens exacted from the AtheniaDs 8S a yearly
tribute to the tyranny of Minos; bul Theseus sle'll' the monster, and being fUrnished 'll'ith
a cleW' of thread by Ariadne, who was palsionately enamored of him, he extricated
himself from the dlfficull 'll'indings of his conlinemenl.

He afterward married the beautiful Ariadne according to promise, and carried her
lI..ay; bat when be arrived at the Island of Naxos, be deserted ber, notwithBtanding he
had received from her the mod honorable evidence of attachment and endearing kllder­
ness. Ariadne 11"&8 so"disconsolate upon being abandoned by Theseus, that, &S 80me say,
.he hanged herself; but Plutarch lay. that Ihe lived many yean afte1', and W&I espoUBed
&0 Bacchu!, who loved ber with much tendernesl, and gaTe her a crown of aeven stare
.-Itich, after her death, was placed among the starl.

N Resolvel, for this the dear engaging dame
Should shine forever In the rolls of fame;
And bids her crown among tbe stars II<' placed,
And 'II'ltb an eternal constellation graced.
The golden circlet moun ts; and, &s it Diel,
Its diamonds t'll'inkle in tbe distant skies;
There, in their pristine form, the gemmy ra)'l
Between Aleldes and the Dragon blue.n

lIanUlus, In the flnl book of his Aatronomicon, thus speaks of the Cro'll'n.
UNear to Bootes the bright croWD 111 view'd,

"'nd shines 'll'ilh stars of dlll'eront magnitude:
Or placed In front abaTe the rest displays
A vigorous ligbt, and darts surprising rays.
This shone, stuce Theseus first his fallh beway'd,
The monument of the fonaken mald."

TELESCOPIO OBJEOTS•

• a CoROllA! BoRll.lLDl {Alphaooa}-A bright star 'll'ith a distant companion; R. A.
lOb. 21m. Me. ; Dec. N. 21 15' 2·. A 2, brilliant 'II'hlte i B S, pale violet.

2. 'Y Coaoll'" Boa&ALlll-A most difficult "11lJ,BY .....a. 1I1li' from A1phacca; R. A. IGh.
88m. Ols.; Dec. N. 26· 48' 4-; with a distant companioD. A 6, Dushed white; B, uncer·
taln; 0 10, pale lilac.

B. 'CoBOllAl BoIllU.LlS-A line DOUIlLII .....a.10· north and a little e..terly frol1l Alphacca;
R. A. 1Gh.83m. 2ts. iDee. N. 81' 09' 6'. A G, hlulsh 'II'hite; B 6, smalt blue A beautl·
fuloldeel.

4. 11 eo-", BoRllALl&-A "lllAaY s'ua, midway bet'll'een the Northern Crown Rnd the
club of Bootes; R. A. IGh. 16m. 86a.; Dec. N. SO' 1)2' S·. A north-northwest ray from a
C.ron"" through )3, and half as far again, 'II'ill hit It. A 6, 'II'hlte; B 6Ill, golden yello'll'.

188. HoW' many stan In this consteilatlon' Their magnitudes r Mean deeUnaUoc
Gnd right ascension'

HIIITOBY.-SIoI7 respecting Theseus and ArIadne r
TlOLIIIlCnPlc OJUBCTS.-A1pba r Gamma r Z<ta r Eta r
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Sir John Herschel considered thla lIle moot remarkahle blDaIT .tar known, and ~hoo OD')
one that hM comple~d a whole reToluUon Ilnce Iw diIcoTIlI'J'. Il:otlma~ period 4S'.l
veanL

URSA MINOR (TIIB LBSSD BEu}.-MAP VL

189. This constellation, though not remarkablll in its appear
Ilnce, and containing but few conspicuous stars, is, neverthelcss,
justly distinguished from all others for the peculiar advantagt
which its position in the heavens is well known to afford to nau­
tical astronomy, and especially to navigation and surveying.

Th" stars in this gronp being sitnated near the celestial pole,
appear to revolve about it, very slowly, and in circlcs so small
as never to descend below the horizon. Hence Ursa Minor will
be above or below, to the right or left of the pole star, accord­
ing to the hour; as he makes the entire circuit from east to west
every 24 honrs.

190. In all ages of the world, this constellation has been more
universally observed, and more carefnlly noticed than any other,
on account of the importance ~hich mankind early attached to
the position of its principal star. This star, which is so near tht'
true pole of the heavens, has from tirlle immemorial becn deno­
minated the NORTH POLAR STAR. By the Greeks it is called
CY1WSYT(; by the Romans, Cy1Wsura, and by other nations,
Alr'uaabah. In most modern treatises it bears the name of Pr>­
laris, or Alpha Polaris.

191 Polaris is of the 3d magnitude, or between the 2d and
3d, and situated a little more than a degree and a half from the
t,rue pole of the heavens, on that side of it which is toward Cas­
siopeia and opposite to Ursa Major. Its position is pointcd out
by the direction of the two Pointers, Merak and Dubhe, which
lie in the square of Ursa Major. A line joining Beta Cassia­
neire, which lies at the distance of 320 on one side, and Mcgrez,
IVhich lics at the same distance on the other, will pass through
the polar star.

Of the Pole Star Capt. SmTIh ob.erves: At pre.en~ ,t I. only 1" 88' from the polar point,
md by Its northerly preceHllon In declination will gradually approach to within 26' 80'
,! It. Thl. proximity to the actual pole will occur In A. D. 2090, but will not recur fo'
12,860 year.. The period of the revolution o! the cele.tilll equinoctial pol. about the
pole of the ecliptic, is nearly 26,000 years; the north celestial pole, therefore, will be
,bout- 18,000 years; bence, nearly 49° froUl the prelent polar star.

189. For what I. Ursa Minor di.tlngulBhed r What aald of its .ltuatlon and change cl
lositit>D? 190. What laid of the notice taken of it' Position of its prinoJpal star f
lIB Gr.ek and Latin name., &C. r 191. Describe Polarl. r lIow found r JIc.......',. of
ClIpt. Smyth re.pectlngr
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192. So general is the popular notion, that the North Polar
::itar is the true pole of the world, that even surveyors and navi­
~lItors, who have acquired considerable dexterity in the use ul
the compass and the quadrant, are not aware that it ever had
any deoil1tio&, and consequently never make allowance for any.
All calculations derived from the observed position of this star,
which are founded upon the idea that its bearing is always due
north of.any place, are necessarily erroneous, since it is in this
position only twice in twenty-four hours j once when above, and
on~e when below the pole.

193. Hence, it is evident that the surveyor who regulates his
~ompass by the North Polar Star, must take his observation
when the star is on the meridian, either above or below the pole,
or make allowance for its altered position in every other situa­
tion. For the same reason must the navigator, who applies his
quadrant to this star for the purpose of determining the latitude
~e is in, mll.ke a similar allowance, accordiIig as' its altitude is
greater or less than the true pole of the heavens j for we have
seen that it is alternately half the time ahUIJt. and half the timtl
btlow the pole.

194. The method of finding the latitude of a place from the
altitude of the polar star, as it is very simple, is very often
resorted to: Indeed, in northern latitudes, the situation of this
star is more favorable for this purpose than that of any other of
the heavenly bodies, because a single observatiou, taken at any
hour of the night with a good instrument, will give the true lati­
tude, without any calculation or correction, except that of its
polar aberration.

U lhe pol"r olar alway. occupied that polnlln the heavens which I. directly opI,o••te
the north pole or lhe earth, It would he e&8Y to underotand howlalitude could be deter­
mined from it in the nQrthern hemisphere; for in this case, to a person 00 the equRtor,
the poles or lhe world would he seen In tho horlson. Conoequently, the otar would
r\ppear JIU~ visible in the northern horbion, without any elevation. Should the peraoo
'loW'tra.vel one degree toward the north, he would Bee one degree below the star, snd ht.
would think It had rloen one degree.

And since we alw8.18 see the whole of 'be upper hemisphere at one view, when there
i. nothing In the horlson to ob.truct onr vlolon, It rollo.... lhal ir we ohould travel 10'
norlh or th. equator, we Ihould oee JUBt 10' helow the pole, which would then appear to
have rIsen 10-; and should we atop In the 42d degree of north latitude we should, In like
m!inner, have our horizon Just 42- below the pole, or the pole would appear to have an
oIevation or 42". Whence we derive thi0ll'.neral truth: Tho ~ation of 1M polo of U&.:
oquator i8 ahtJa1l1 equal W :-holatltudo Of 1M placo of ob8o,...,aUon.

Any instrument, then, which will give us the altitude of the north pole, will give us
..Iso lhe latllude or the plac•.

The method of illustrating this phenomenon, is given in most treatises on the globe,

192. Wh..tpopu1&r error' 198. When il the pole otar a lare guide ror the I\1rveyol
"r mariner' What allowancel Ihould he made by each' 194. What laid or IInd~
the latitude by obeerrrJ;!onl upon the pole ltar r What gener&! rule llaled P Woo
• ..",. ommlu.d r



----...... Th. Lea..r Bear
Leadl from th. pol. th. lucid band: the ltan
Which fonn thll conatellatlon, falntl7 Iblne,
Twice twelve In number; anI,.. one beams forth
CODspicuous In high splendor, named by Greece
The OynolJlW6; by us, the Poua d'l'AL"

ABTRONOIIV.

and al adop..d b7 teacben pner&ll7, II to tell th. scholar lIlat tile north pole rho
blgher and higher, &I he traveill farther and farther toward It. In other worda, wbae.
ever number of degrees he adT&nces toward the north pole, 10 mall7 degrees will a rise
above hlB horllOn. Thll II not onl7 an obv!oUB M"NH' In principle, but It mloleadl lb.
llPpre~eDalouof the pupiL It IB ft<1I that the ZJOl<o '"~,hut that our /u>rWo" Ie
tlepr_tJd al we advance toward tbe north. The oame objection U.. agalnlt th. artill­
clalglobe; for It ought to be 10 be" u,at the .\orUon might be r&i&ed or depreaoed, and
t•• pole remain In Ir. own invariable poeItion.

195. Ursa Minor <,.ontains twenty-four stars, including three
of the 3d II!agnitude and four of the 4th. The seven princip&1
stars are so situated as to form a figure very much resembling
that in the Great Bear, outy that the Dipptr is reversed, and
about one half as large as the one in that constellation.

196. The first star in the handle, called Polaris, is the polar
star, around which the rest constantly revolve. The two last in
the bowl of the Dipper, corresponding to the Pointt:rl in the
Great Bear, are of the 3d magnitnde, and situated about 150

from the pole. The brightest of them is called Kochab, which
signifies an axle or hinge, probably in reference to its moving so
near the axis of the earth.

Kochab ma7 be ealU7 known b7 ItI being th. brightest IIIld mlddl. on. of the three
conspicuous stars (orming a row, one of which is about '-, and the other 8- from Kochab.
The two brighest ot these are situated in the breast and Iboulder of the animal, about
II' apart, and are called tho Guard8 or PcnnUrl of UTla Minor, Th.7 are on the merI·
dian about the lIOth of June, but ma7 be ..en at &II honn of the night, when th. Ik7 II
clear.

191. Of the four stars which form the bowl of the Dipper,
one is so small as hardly to be seen. They lie in a direction
toward Gamma in Cepheus; but as they are continually chang­
ing their position in the heavens, they may be much better traced
out from the map, than from description.

Ko~hab is about 25° distant from Benetnasch, and about 240

from Dubhe, and hence forms witli them a very nearly equi­
lateral triangle.

HIllTORY.

l'he prevailing opinion Is that Ursa lI~or and UTla Minor aTO the n7Mph Oalllto aud
ber Ion ArCaB, and that they were transformed in to bears by the enraged and Imperioul
Juno, and afterward tranolated to heaven by the ravor of Jupiter, leot the7 might be

de~~;~~:!.:~~a~::~h,:::niheemperor Hong-tl, the grandson of Noah, IIrlt discovered
------ ---------

11IlI. Number ototaTl In Uraa Minor? Their magnltudeo? How lituated ? 1M. De-
..ribe Polarlo, Kochab, and Ibe Guardl or Polnterl' 191. Are aU the ltare dlBtlnct~...
,Iolble? Direction? What triangle?

RllITOaY.-What preval1lnll: opinion, or M7lhr ChInNe claim' Phenlclanl r Oreebl
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the polar star, and applieJ it to purpoees of naTiplion. U ~ certain lbatlt wu .sod
for this pnrpotle-..ln a ycry remote period of antiquity. rrom vartous paisa In 'hIt
ancients, it is manifest that the Pbeniclana steered by C,nolura, or the Le r Bear;
...hereaB, the marlnera or Greece, and Borne other nations, Bteered b1 the Greater Bear,
eaDed Helice, or Hdis:.

Lacan, a Latin I"'et, ...ho 1I0urished about the time of lbe birth of our Saylour, lbl...
MVerll :0 lbe practice of steering velsels by Cynosura:-

"Unstable Tyre now knit to firmer l'I'oan~

With Sidon for her purple sheDs renown d,
Safe In the OynoBllrd lbelr IlIlltering guide
Wllb weD-directed naTies stem the lide."

BOWl's Translation, B. W.
fto foDowlng Ulracl& from olber poets contain allusions to lbe SlllLll fa<J&:

"Phenlc!., spurning Asia's bounding Btrand,
By lbe bright Pold 'tar', steady radiance led,
Bade to the winds her daring Balls expand,
And fearless plough'd old Ocean'. stormy bed."

M..t1IUCII'. Ekgy onlJlr IV. J-.

"Ye radlantslgIUI, who, from the ethereal plain
Sidoniartl guide, and Gruka upon the main,
Who from your poles all earthly things esplore,
And never Bet beneath the western shore."

Ovm'. 7HaUa.

.. Of a11 yon multllDde of golden stare,
Which the wide rounding sphere Inceuant bean.
The cautious mariner relies on Done,
Bul keeps him to lbe constant pole alone."

LlllWl'. Pharsa11a, B. vw. T. ftll.

Una MaJor and Una Minor are sometimes ca11ed Tr4m&a, and somelimeo the Greate.
'Ond Leuer Wains. In Pennington's Memoirs of lbe learned Mn. Carter, we have &I.e
following beantlfld linea :-

.. Here C....lopela IlIIa a lucid throne,
!'here, blaze the splendors of the Northern CroWD;
While lb. SiD... Oar, the cold TricnM roll
O'er the pale cOllUtries of the frosen pole:
Whose faithful beams cooduct the wandering ship
Through lbe wide desert of the pathle.. deep."

Tha.les, an eminent geomebictan and astronomer I and one of the ee9"en wise men ot
Greece, wbo flouriJhed Biz hundred yean before Ule Ohristlan era, ia generally repu~ed

10 be lbe Inventor of lbis conatellatlon, and to have t3ughtlb. use of It to lbe Pbenician
navlgaton; it Is certain that he brought lbe knowledge of Itwllh him from Phenlce Into
Greece, with manr other discoveries both In astronomy and mathematics.

UnW lb. properties of the maguelwere known IlIld applied to the use of n..Tigalion,
and for a long time ..Uer, the north polar star was the oniT sure guide. At what time the
:lttractiYe power8 of the magnet were Ant known, t. DOt certain; they were lrn01n1 tn
furope abont six hllUdred yean before lhe Christian era; and by lbe Chinese records,i"
UI said thatlla polar attraction was known In thai countr7 at least one thousand 7eara
OI1rller.

TELESCOPIC OBJECTS.

1. a U... 110'0&111 (P~Iarl8)-A OOIlBLB BTAB; R. A. Ih. 1m. lOs.; Dec. N. 8ll" 111' "'.,
A "" top.. yellow; B 9~, pale white. Map Vill., 'Ig. Ill.

2. {3 UasAl MmOBtlI (Kochab}-A slar with a distanl companion In lbe left shoulder;
R. A. 14.h. !lIm. 140.; Dec, N. T"'· 48' t". A 3, reddish; B 11, pale grey_veral 8IIIa11
,tara in the field

8. " URllAl MI.OBIB-A SW with a vet7 distant telescopic companion In lbe middle of
the !all of the Ilgure; B. A. ISh. 28m. ll6s.; Dec. N. 88· SIl' "'". A 8, greenllh tlaga,
1112, grey.

What proofs from the poeto? What olher names for Uraa MaJor and Una MInor? Wba"
oid of Thales? Use uf th. !,ole star? Th.e maguet?
1-:,:,u31VPI~ OIr.lBCTH.-All'IaIlT Show an ca. mup, Bcta---Dclta-EpsHon-2et....

~
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4•• UlI&AI: M.tl'oll_A 'tar with Il minute oompllulon, at the root of the ten; IL A­
ITh. OlIln.ms.; Dec. N. 82'11' or. A 4, brigM )'eUow; B 12, pale blue; three other
lel..coplc staro tn tho 80101. It Is 0..11)' found, being the third star from P~lal ill

II. t; UIUl& )J",oRdl-A OOl7BLII IT'" In the middle of the bod)'; it. A. ~;;h. 4lIm. li9B.;
Dec. N. 18' 111' U1·. A 4, Ouohed wblle; B 11, blldall· with a )'eUow ltar of the 11th uma·
ultu4c In the lIeJd.

CHAPTER IX.

CONSTELLATIONS ON THB KERIDIAN IN JULY.

SCORPIO (TlIB 8OORPION).-MAP V.

198. THIS is the eighth sign, and ninth constellation, in the
order of the Zodiac. It presents one of the most interesting
groups of stars for the pupil to trace out that is to be found in
the southern hemisphere. ' It is situated southward and east
ward of Libra, and is on the meridian the 10th of July.

The lI1ID t~tero this Itq1l on the illd of October, but does not reach the~
before the !lOth of November. When altfOnnm)' was flnt cqltlvated In the East, the two
IOIetice8 and the two equlnoxe8 took place when the IUD W&8 fn Aquarius and Leo. Tau­
J'UI and Scorpio, r..pectlvol)'.

199. Scorpio contains, according to Flamsted, forty-four stars,
including one of the 1st magnitude, one of the 2d, and eleven of
the 3d. It is readily distinguished from all others by the pecu­
liar luster llnd the position of its principal stars.

Anta,Tu is the princ\pal star, and is situated in the heart of
the Scorpion, about 19 east of Zubenelgubi, the southernmost
star in the Balance. Antares is the most brilliant star in that
region of the skies, and may be otherwise distinguished by its
remarkahly red appearance. Its declination is about 26° S
It comes to the meridian about three hours after Spica Virginis,
or fifty minutes after Corona Borealis, on the 10th of July. It
is one of the stars from which the moon's distance is reckoned
for computing the longitude at sea,

There are four Feat ltan In the beaven.. FomaZTIauI, .A~ R~..., 3nd
A1Ita~.., wblcb formerl)' anowered to tbe solstitial and equinoctial potnto, and which
''''ere much noticed by the utronomera of the Ealt.

200. About 8t0 northwest of Antares, is a star of the '3d

Its. Order of [lcorpio among tbe signs, .te.' Ito comparative Inlerest' Situation'
When do.s tbo lun enler thll rig.. ' When the c<>nRtt>U"tIon, How with tbe .olstlce,
.mI equinoxes anciently? Why not 10 now' 199. Number and magnitudes of tht"
litlu'! In Scorpio' How dlotiuguilbed' Name and pOlition of Ito principal star r H",'
boW'll' What. us,,' IJl&1t"! or it, What three othor stan mentioned P 2,110. What (lOll.,
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magnitude, in the head of the Scorpion, called Graffias, I t is
l>ut one degree north of the earth's orbit. It may be recognized
by means of a small star, situated about a degr~e northeast of
it, and also by its forming a slight curve with two other stars
of the 3d magnitudc, situated below it, each'lbout 3° apart.
The broad part of the constellation near Graffias, is powdCl"ed
with numerous small stars, converging down to a point at
Antares, and resembling in figure a boy's kite.

201. As you proceed from Antares, there are ten conspicuous
stars, chiefly of the 3d magnitude, which mark the tail of the
kite, extending down, first in a south-southeasterly direction
about 17°, thence easterly ahout 8° further, when they turn,
and advance about 8° toward the north, forming a curve like a
shepherd's crook, or the bottom part of the letter S. This
crooked line of stars, fanning the tail of the Scorpion, is very
conspicuous, and may be easily traced.

The lint star below Antares, which Is the last In the back, Is of onl,. the .th magnl­
klde. It is abollt jO Boutbeast Qr Antares, and is denoted by the Greek name of T.

Eprilon, of the 3d magnitude, is the second star from Antan,u, and ~he drat in the
IaU It is situated about T· below the l!Itar T, but incliaing a little to the ealt.

Mu, or the 3d magnltude,ls the 3d star from Aotares. It Is situated 4)S' below Ep.I­
10D. It may otberwiae be known by means of a amall ~t.r close bJ It., 00 the left.

Zda, of about the same magnitude, and situated alJ\llll &8 far below Mill Is the fourtb
star from Antares. Here the line turns suddenly to the e8.~t.

Eta, al80 of the 3d. magnitude,1a the fifth star from Antares, and about 8~· east of
Zeta.

TMta·, of the same magnttude,la the sixth sw from Antarefl, and about4~· east
of Eta4 Bere, the line turns &;lain, curvinI' to the north, and ~rm.inatea in a c<Juple
of Iltars.

lola Is the "Tenth star from Antares, S~" above Theta, curTing a little to the left.
n is a star of the 3d. magnitude, an..i may be known by means of a Imall star, almni.
touching it, on the east.

Kappa, a star of equal brlghtnesl, Is less than g' above Iota1and a little to the right.
LMuth., or the 3d magnitude, II the brightest of the two last, n the tall, and Is Iltuated

about S" above Kappa, stl1l further. to the right. It may readU,. be known b,. means of
a smaller ltar, clo:fe by It, on the west.

202. This is a very beautiful group of stars, and easily traced
out in the heaveus. It furnishes striking evidence of the facility
with which most of the constellations may be so accurately
rleliueated, as to preclude everything like unrertainty ill th~

knowledge of their relative situation.
U The heart with luster ot amamng (orce,

Refnlgen t vibrates; faint the other parIS,
And iIl-dellned b,. ltan of meaner note."

mSTORY.
'!'his sIgn W&I alfcienUy represented by various sJ'1Ilbols, sometimes by a snake, and

w"metlmes by a crocodile; but most c01WD.only by the 8corpion4 ThIs Ialt symbol ii,

ltar descrlhed? Sloe and po.IUon? How recognl.ed? What said of the bro~d part or
bod,. of Scorpio? 201. What stars form the tall of Scorpio? Are they consplcuoll:> 1
Name and delcrlbe In detail r 201l. General remarkl respecting tbl. constellation r

I1lS1'Oa,..-How W&B Scorpio anclentlJ' delineated r How regarded b,. ancient aetro'.o
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Joand aD tile Wtll.a1o IDODIDDents, whl.b II p.etty good ...iden... CIa' 'bOle moou.mon'.
,..ere con.&ructed Wht'D the Yernal equinox Accorded with TauruB.

On 'toth the z.odiacli or Iknder,", there are rude delineadonl of thil animal; that 011
Ihe purtieo di1l'en ("onllilierabl,. from Lhat on the other lOdiac, DOW' lD &be Louvre.

Scorpio "". con~ifl~rt't1 by the ancient utrologerl as • lip accoreed. Tbe IgypttaDti
"xed the entrance of the IIIID ioto Scorpio .. the commencement of tb, relp of TypbOD,
when the Qreeu fMobJcd the deac.b of OrIOD. When the IUD ..as to Scorpio, in the montb
of AI.f.... P1uta...,h loforml us, tile Bt!7pllanl In.losed the bod,. of tbel'rod Osi.il in
an ar 1 or chen, aud durlnl thl. oereDlOD.J • grt,,;at aunnal fnUya) ...1UI celebr"t~d.

Tb.... da,.1 afte.tbe prlel" bad In.l_d Oslrllin the a.k, the,. p.etended to have found
him apin. The dnlb of 00IrIa, tIlen. wal IameDted when tile IUn In lkorpio descend,'"
lo tile lowe. hemlopbe...., and wboa be &I'OINI a' tile 1'OI'Dai eqolnos, tIIen OoIrll ..... aa1d
Ie be barD anew.

The Et!7P'Iana o. Chaldeana, who 11.0& amnlled lbe Zodla•• mlll'ht have pla.ed~orpio
In tht. part of the beaven. tc denote that wheD the lun enten this lign, the diseases
Incident to the frill' ..ason ..auld pro"'il; Iince Aulomn, wbl.b abaonded In frolt, often
b.oqM wltIl It a veal1'...let,. of d1.._. and mllI'bl be tIlWl lid,. ....p....nted b,. tlIat
YenomOUI animal, the ICOrplon, who, &I he recedes, wOllUds with a IUDI' in his taiL

Man w.. lbe lutel...,. dell,. of tile IIeorplon, and to tblo ok.um_lan.e 10 owing all that
,arron or lbe ..11'01....... wbo sa,. that tbere 10 a veat anal..,. be'ween Ibe malign
Intluen.e of lbe planet JiI".. and lbIo IIlI'n. To tllio a110 10 owlnll' lb. doelrlne of the
,I.bemlots, 'bat I.on, wbl.b melal tb.,. .all llan. 10 JlDde. tile dominIon of Scorpio; ...
;.bat tbe tran.mntatlon of It Inlo raid .an be .&cled ani,. wben lbe ann I_ In tllIo -ilI'n-

The eonatellallon of tile ScorplOllIo 1'e.,. an.lent. O1'ld lbWl menllDDl It In bIo beaD­
IIfuI l'abIe of Phaeton :-

.. Then 10 a place abon, wbere Scorpio bent,
111 tall and anna lurrooodl a "'"1 elltent;
111 a wide .k.a1t of tb. bea1',nl be Iblnel,
And lIlll tlle place or two ee1eIlIal .ilI'na:'

A.-dInll' ... O1'\d, til.. .. lbe famona scorpion wbl.b "'I'&nl ont or .tIle eartll at the
.ommand of Jooo, and l!DDlI' Orlan; of wbleb woood he died. It ..... In til.. W&7 the
ImperloWl rodd- .boae to punish tbe ...nll,. of tile be.o and tile hooter, for baaa&ID1l
lbal tIlere w.. nolan eartll anT animal wblch be conld not conque••

.. WonU tIlat prG1'oked tile Il'OdI on.. from blm fell,
'No bealbl80 tlerce,·l&idhe,·bu& I can quell;'
When 10 I 'be ea.tII a balerul scorpion ..nt,
To kill Latona w.. tbe dl.e Intenl ;
Orlan laved her. tIlourh blmself w.. Iiain.
Bot did fa. that a .pacl0ila.. obtain
In heaven: '10 Uwd mV t' t!.,' laid she, •tMa dMr,
AndJbr Uo" .......u 6'14.... UlCrIoru UaN....

.lIt1lourb batll Orlan and Scorpio were booo.ed b,. tbe .elOllllals w1t1l a place alllODll
lbe "'an, ,.ollbelr Iituatloni were 10 ordered that wben one rooe tile o'be. Ibould -to
and "lC<J fI~"oa; 10 tIlal tile,. n01'e. appear In the lame bemllphe.e at tbe aame time.

111 lhe Hebrew Iodla. tIIll lllfO 10 allotted Ie D..o, beeaWlO It 10 written, .. DaD Iball be
a leV\.-nt b,. lbe w..,., an addu In tile path.n

TELJ:llOOPIO OBlEOTll.

1. a 1loo&PII (AfIIar..}-A brirbt Ita. w1t1l a .ompanlon In tile bean of Scorpio; R. A
1Gb. 19m. lIGo.; De•• S. 16" 04' S', A I, tlerT red; B 8, pale. Ve.,. .Ioae.

2. {3 800aPu (GrajJIa.)-A Ita. wltIl a .ompanlon ill tile bead; R. A. 16b. 5&n. 080••
De•. S, Ill" 21' 1'. 12, pale wblte; B li~, lIIao IInre.

8. v 1looII'II-A neat 001111'" ftu. e..1 b,. no.tII from {3 about I"; R. A. ,Gb. 0lIm. 4lIa••
Deo. S. 19' 0\1' 8'. A 4, brlrb! wblte; B 7, pale II1ac. P.ofeasor Mltebell rqloton 'blo
.. a t.lple ltaI'.

4. (f IlooBrn-A deli.ate ooll1lLB ftJ.B In tbe bod,. of lbe llgure;' R. A. 16b. 11m. 280.;

Ren' Ell7Pllan m7lh ...pectlnr T7Phon, ..... , Snpposed ....alon wh,.!!eorplo w.. placed
·..he.e Ill" Wh,. do ..Irolore" .onneet Man wllb !!eorp!o' The AI.hemll'" Wb,,~
poeU. p.oof of 1/.. ""qalt,. of !!eorplo' Ond'i m7lh .espe.tlng' a..laUn position of
('rion and Scorptu; r" r\Oe or Scorpio tn the Hebrew Zodiac, aud why'

T.LIlIlCOrlC OIUBC'I'II.-Alpha? Bela' 1"" Sirma' What.IWlter' Point ant on \he
·n~p. What Nebnl", '
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lIce.",. 26' IS' ". About S' we.t by north of Antare.. A" CTeamy white; B Ill!
iliac tint..

II. A OOIlPDmW> GLQB1LU CLllBTu in the right fnol of Ophluchu., or the Scorpion',
..ack; R. A. 1Gh. 01m. is•. ; D.c. S. 22' Sli' 4'. Half way b.t.....n a aDd (3 Seorpll, or "'•
• a.t of d. A line bright object, in an op.n .psce, ...ith a fe.. t.l••copic .tar. in the
field. Pronounced by Herschel u the richest and mOlt condensed map of stars whicb
the firmament can off'er to the contemplation of IUtronomerl." Map IX., .I~. 6i.

6. A compresled masl of ver7 small stars, In the middle of the bodf, trUh outlar ro,
and a r tellar companion. in th.lleld; R. A. IGh. 18ID. 1111.; Dec, S. ill' 01' 0'. 11 Ia
1~' t of Antares. Elongated and bright in the center.

1. A line large alllOLV,ABU BBDDU at the root of the taU, about r' lOutheut from
Antar.. ; R. A. 18b. 01m. (),Is.; Dee. 8•.29' 110' 6'. A mau of lma1Iatr.ra rawtlDg up La ..
b1aBe in the oente~u been ml.tak.n for a comet..

HERCULES.-MAP V.

203. Hercules is represented on tho map invested with the
skin of the Nemrean Lion, holding a massy club in his right
hand, and the three-head6d dog Cerberus in his left. He occu
pies a large space in the northern hemisphere, with one foot rest­
ing on the head of Draco, on the north, and his head neurly
touching that of Ophiuchus, on tho sonth, This constellatiou
extends from 12° to 50° north declination, and its mean right
ascension is 255° j consequently its centro is on the meridian
about thl' 21st of July.

204. Hercules is bounded by Draco on the north, Lyra on the
east, Ophiuchus or the Serpent-Bearer on the south, and the Ser­
pent and the Crown on the west. It contains one hundred and
thirteen star8, including one of the 2d, or of between the zd and
3d magnitudes, nine of the 3d magnitude, and nineteen of the
4th. The principal star is !las Algetki, and is situated in the
head, about 25° southeast of Corona Borealis. It may be
readily known by means of another bright star of equal magni­
tude, 5° east-southeast of it, called Ras Alhague. Ras Alhague
marks the head of Ophiuchus, and Ras Algethi that of Her­
cules. These two stars are always seen together like the bright
pairs in Aries, Gemini, the Little Dog, &c. They come to our
meridian about the 28th of July, ne~r where the Bun does th~

last of April, or the m;ddle of August.
About midway bet..een RBI Algethl on the .outhea.t, and Ariadne'. Crown on l<1e

north.....t, may be 'e.n Beta and Gamma, t..o .tar. of the 3d marnltude, .Ituated in
the welt ,boulder, about 8- apart. The northernmost of these t.o 18 caUed RutiU<.'1U.

Those four sturs in the shape of a diamond, 8° or 10· louthweat of the two in the
.houlder of Hercule., are .ituated In the head of tie Serpent..

------------------_. - -_._----- --
SIlB. D.ocrille Heraul•• ' Hi. magnitude and po.itlou' When on the meridian'

2CJ4. How bounded' Number of stars' Their sizt' Prlnclp,,1 atar, and ho.. known \
What .ald or RBI Alllague, "'ld RBI Algethl' or B.ta and Gamma'
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205. A bout 120 E. N. E. of Rutilicus, and 1Of0 directly nGrth 0
Ras Algetbi, are two stars of the 4th magnitude, in tbe ea;:l
slJoulder. They may he known by twq very minute stars a little
above them OD the left. The two stars in each shoulder of Her
coles, with Ras Algethi in tbe bead, form a regular triangle.

The left, or east arm 01 Herculel, which gralps the trlple-heRoed m('lnster Cerbernil,
may he traced by me,ns of three or four Itan of the 4th magnitude, situated in a row,
S- and 4- apart, estel din", from the Ihoulder, in a northea.steriy dirt-ction. That smM.1l
cluster, situated In a triangular form, about 14'" northeul of Has Algethi, and IS'" east­
southealt of tbe lel\ .houlder, dl"'inJ!Uilh the helld of Cerberul.

Eight~eD or 20'" nor:he••t of the: Crown, are four ltan of the 3d and 4th magnituJeft,
formJnR' a'n Irregular _quare, of which the two southern onel are about 4· apart, and ill
a line 6'" or r- south of the two northern ODell, which ate nearly 7- apart.

Pi, in the north eat t corner, may be known b:r mean. of one or two other BlDaJI starll,
close by It, on the elUt. 810, in the DorthWelt corner, mal be known by its being In a
row with two ImaJl~r llan, e"tendlol toward the northwelt, "nd about 4" apart. The
ltan of the 4th marn1tude, Just IOWh of the Dragon'a helld, point out the lelt foot and
ankl~ of Herculel.

SeTeral other Itan, of lhe 8d and 4th IJIBIlDitudes, IDBJ be traced out In thll conltella­
lion, b, refercnce to Ihe map.

HISTORY.

Thll coultellallon Is Intended to immortalise lhe name of Hercules, the Theban, ...
celebrated In antlqult, for hi. heroic ...Ior and Invincible prowesl. According to th..
anclt'DtB;' there were many penoo. of this name. Of an these, the Ion of Jupiter and
Alcmena Is the mOl" celebrated, and to him the action. of the otheR have been ge:J.e­
rally attributed.

The birth of Bercul.. was attended with man, mlraeuJoul eTenlL Be wal brought
up Mt Tirynthul, or at Thebes, and before he bad completed his eighth month, the JealouII7
of Juno, who wae intent npon his destructloD, lent two Inakes to deyour him. Not ter­
rifieu at the light of the lerpents, he boldl, seised them, and squeesed them to death,
while his brothel Iphlc1el al"rmed the house with hll frightful Ihrlekl.

lie WWI early iustructed In the liberal ar'bl, and 100D became the pupil of the centaur
Chiron, under whom be rendered himself the mOlt TaUant and accomplished of all the
heroclt of antiquity. In the 18th yearofhil age,he commenced his arduous and rloriou9
pursuita. He 8ubdued a lion that devoured the flock.. of his supposed father, Amphi­
tryon. After he had destroyed the lion, he delivered hil country from the aDDual tri­
bute of a Jlundred aXeD, wbich it 11a.id to Erginu8.

As Hercules, by the will of Jupiter, Was Jlubjected to the power of Eurystheus, and
ohliged to obey him in eyery respect, l:orystheuB, jealous of his rising fame Rnd power,
ordered bim to appellr at Mycen., and perform the labors Which, by priority of birth,
he was empowered to impose upon him. Hercnles refused, but afterwards consulted
the oracle of Apollo, and was told that he mnl!t be subservient, for twelve years, to the
will of Eurystheu8, in compliance with the commands of Jupiter; and that, after he had
achieyed the moat celebrated labon, he sbould be reckoned in the number of the Rods.
So plain an anl1fer determined him to go to lIycenlB, and to bemr with fortitude what,.
ev~r gods or men should Impose upon him. EUfyatheul!I, seeing 10 great .. maD totally
subjected to him, and appreht=Dlive of 80 powerful aD enemy, comUlanded him to achieve
a number of enterprises the most difficult and arduous ever known, general11' called the
TWllLV. LABORS or HKRCULBS. Being furnished with complete armor by the faTor of the
lods, be boldly encountered the Imposed labors.

1. He .ubdued the NemEan Lion in hiB den, and invellted himself with his Ikin.
2. "He destroyed the LerDilean Hydra, with a hundred hissinl heads, and dipped hill

arrows In the gall of the mODsler, to render their wounds incurable.
8. He took alive the stag with ,olden horns aDd brazen feet, 80 famous for ItI incre­

dible swiftness, after punuing it for twelve mODthl, and presented it, unhurt, t(l

Eurystheus.
4. He took all..., the ErJrn"nlhlan Boar, and klDed lbe Centaurl wbo 0ppoI.d him.

206. W'ha' two other stars, and what triangle' How trace the left or eut anr. of Her­
cllies' What four It.US, and forming wbal' Delcribe Pi, and bow known. Eta' AnI
other .tars'

IIlsroav.- Dellgn 0: t':ls conlte1laUon' 8tu" of lhe birth of lIerculel' Hil wond",-lIJ'

~---- - ---- -- - --,
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!l. Ue cle.....ed the stabl.s or AQliu, In wb!." 1,000 o"en had been conAned ror IUJI7
)"earll. ,

6. H. killed the .arnlvorous birds whiob ravaged the oount17 or Arcadia, and red ...
'J.mnan flesh.

T. He took alive, and brougbt Into Peloponnesul, the wild bull or Orete, wilieh no
mortal dural look upon.

S. He obtained tor Eurystheul the maru of Diomedel, which fed OL human flesh after
having given their owner to be tint ~aten by them.

9. Ue obtained the girdle of tbe queen or tbe AlDBIOns, a formldable nation of warllk.
r··-r='oles.

10. He killed the' moulter Geryon, kinl of Gades, and brought ..way h~s nwneroul
ftueli,s, which fed upon human .de8h.

11. He obtained tbe golden applel rrom the garden of .the Helperldel, wbleb ..er•
... 'tobed b,. a dragon.

'2. And llnall". be brougbt up to the eartb the three-headed do!!, Oerberus, the guar­
:iian of the entrance to the Infernal regions.

According-to Dupuis, the twelve labora of Hercules are anI,. a apraUve representation
of tbe annual courle of the sun througb tho t ..olve ligol of tbo Zodiac; Ueroul.. being put
for the IUD, inasmuch a8 it ill the powerful planet wbicb animates and Imparta fecWlditJ'
to the universe, and. "hOle divinity htU been honored, in eYeJ7 qua..~cer, b7 L4!mpltW and
altars, and consecrakd in the religious IItr.inl of all nation••

Tbus Virgil, In the eigbth book of hie &neid, records the doeds or Hercules, and r.fOll.
brates hill pralse:- -

.. The lay records tho labon, and the praise,
And all lbe Immortal acto of Herculel.
Fint, bo.. the mlgbt,. babe, ..hen I ..ath'd In bands,
Tbe lerpentl strangled witb hllinfani bandl;
Then, as in yean and ma.tchless force he grew,
The ClkhaUan walla and Trojan overthrew,
Beaidell a thouaand hasarda they relate,
Procured by Juno's and Eurystheua' hate~
Thy handl, unoonquer'd bero, could lubdue
The c1oud~bornOentaur, and the monlter Cl"eW'
Nor til" rellstlell arm the bull witbltood;
Nor he, the roaring terror of the wood.
The trlplo porter of the St"gian leat
Witb lolllng tongue la" fa..ning at th,. reet,
And, seized with fear, forgot the mangled meal.
The Infernal "" tera trembled at tb" light:
Thee, god, no face of danger could arrrigbt;
Nor huge Typhreus, nor the unnumber'd Inake,
Increased with biMing heada, in Lerna'. lake!'

delidel these arduonl laborl wblcb lbe jealous,. or lCu17ltheus Imposed upon him, n~
alIa acbleved olhen or bil own accord, equall,. celebrated. Bororo h... delivered bim.ell
up to the king of lII"con.. he accompanied the Argonaut. to Oolehll. H. allilted tbe
Iiodl in their warl agalnlt tho giantl, and il wu tbrougb blm alone lhat Jupiter obtained
'he vlotor". He conquered Laomedon and pillaged Troy.

At three dirrerent timel he experIenced .6.11 of inlanity. In the .ecoOO, be slew the
brother of hll beloved Iole; In the third be at",mpled to earrJ' awa,. the oaered tripod
from Apollo'l temple at Delphi, for ..hlch the oracle told blm bo mmt be BOld al a sine.
He W&I sold accordinR'ly to Omphu.le, que~n of Lydia, who reltored him to libel't" and
IIlKrried him. After thI, he returned to Peloponn"lIu8, and re·elltabliBhed on the throne
of Spar... his friend TyndaruI, ..bo had been expolled b,. H1ppoeoon. He becalDa
enamored of DpJaDira, whom, after having overcome all hil rlvall, he married; but WI\'
obliged to leave biB father-In·law'l kingdom, b"cau.e he had inadvertently killed & mlll~

witlA a blow of his fiat. He retired to the court or Ceyx, king of Traehina, and in his
wa1 "al ltopped by the Itreams of the EvenuB, where he slew the Centaur Ne89U8, fur
presuming to orrer Indignit1 to his beloved D~"nira. The Centaur, on expirinl', lave to
DejILnira the celebrated tunic Which afterward caused the deKth of Her<-ldel. U Thill
~unic,n laid the expiring monster, U bas t.he virtue to recall a hUlband from unlawful
love," D~anira, fearing led Hercules ahould relapse qait. int.o love tor t.he beautifUl
l'Ile, gave him the fatal tunic, wbicb wu 80 inrecred with the pollOD of the Lernm&U

--------------.
r-r;:loitl' Origin and character of the twelve hlbortl' 'What are thelfl labor. IUppoaecf
to reproMD" What quotation rrom Virgil r Stor" of the d...th of Heroul.. r Ovid.
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II)'dra, "'at he had n~ IOOnor Inveeted hlmeelf wllh II, than It ""pn .. pouotrato 1111I
........., and 10 ""U througn all hie velue. He attempled 10 pull II olf, buIlt 'If&I toe Ia&o.

" AI the red iron hillel In the flood,
80 belli the venom in hie curdlinll' blood.
No.. 1rilb Ibe greed" dame hie enlralle 11'10",
And livid e"oate do..n all hie bod" do·...
Tile crackllnll' nervee, blJl'nt up, are blJl'at In tW'atn,
The Imklng venom mellll hie elfimmlug brain."

All the dlatompor .... Incurable, he Implored Ihe protection of Jupiter, pve hie _
"nd .....~... 10 PhUoctetee, "ud ereeled a large burning pile on Ibe lop of Monnt <EIa.
Ue epread on the pUe the ekln of Ihe Nem_n Iiou, and laid bimoelf do,", lJpon II, lUI on
a bod, leaning hlo bead upon hie club. Phlloctetel 101 dre 10 the pile, and tbe hero ....
hlmoolf, on a IUddeu, lurrolJDded b" the mOlt appalling damco; "et be did not beua"
any maro or fear or utonwhment. Jupiter law him from beaven, and told the sur­
roundlnll' rod", ..ho ..auld bave drencbed tbe pile wltb tearl, wblle Ibe" entreated t.I. at
he would railO 10 the Ikl.. tbe Immortal part uf a bero ..bo had cleared tbe earth fr, BI
1"4) tn.'1ny monaten and tyrant.; and thlll the tbunderer lpake :-

__,I Be all yoill' fean forborne:
The aUeaD flr.el do thon, great hero, Icorn.
Who vanqnlob'd all IbiDgs Ihall lulldue the dame
That part aloDe of graM maternal rrame
:rire shaU devour; "bile what from me he drew
Shall1J:f'e immortal, and it.. force .ulKlue:
That, wheD he'. dead, I'll raise to realms aboYe,
Ma" all tbe po....... tbe righteolll act approve."

(kid', No'. lib. Is.
Accordingl", after the mortal pari of Hercnlel was canowned, .. the ancient poe,"

"1', he was carried up to heaven In a chariot drawn by roW' honea.
"Quem pater omnipotens inter cava nubUa rapto.m,

QuadrUlJIlO CW'rlJ radianlibue Intnllt a.lrll."
--"A1mlghl" Jove

IL hll Iwifl car hlJl bonor'd olflprlng drnve ;
High o'er tb e hoUo,.. cloud! the couner. fl.".,
And lodge the bero In the Itarr~~;;'.Mo'.lib. I... v. m.

TELESCOPIC OBJECTS.

I. a HDC1lL1lI (Rae .Algo'M)-A beaullfnl OOUBU STU In tbe bead of Hereul.. ; R. A.
lib. 01m. 211.; Dec. N. 14" 84' 06". A 8lt, orange; BOlt, greeniob. Map VIII., Fig. 18­

II. i3 HIIRCUUII(~}-A dne DOUBL. STU in a barren Beld, on the bero'o left
.bonlder; R. A. 16b. 98m. 210.; Dec. N. 21" 00' 6". A lilt, pale yello.. ; B 11, iliac tlnl.

8. )' RBllCULIll-An open DOUBU STU in a dart deld, on the lelt arm; R. A. 16h. 14m.
~.; Dec. N. Ill" 82' 0". A 8lt, oliver" while; B lU, lilac. Abent balf-..ay tram RtU
.tI.lgeULi, in the head, 10 .tI.lphacca In the Norlbern Crown.

4. d HsacULIll-A Blluav STAR on the righl Ibonlder, and aboul 11" dne north of a·
R. A. I1h. OSm. 280.; Dec. N. 2:\" 01' 9". A., greenioh wblle; B Slt, grape red. Ii
forml an eqnllaleral triangle with a and ij.

O. 'HRllCULlll-A clooe BINA&1' lTAR over Ihe middle of the bod,,; R. A. ISh. 85m. lllo.,
Dec. N. 81- M' r-. A 8, yellowish white; B 6, orange tinL A" wonderoUi otiject"­
ODe ltar belol8ometimes occulted by the other.

6. fI IIRRcuLIs-A brighl ltar with a diotant companion on the leR tblgh; R. A. 18b.
81m. 2lle.; Dec. N. 89" 18' So. A 8, pale yellow; B 10, duok".

1. A .....0. CLlJll'I'U on the lefl Ibigh, belween , and fI, 8lt" oouthweolerl" of tb.
1.lter; R. A. 16h. 80m. ~.; Dec. N. 86" 4;'l' S·. A luperb object, blamng up In Ibe cen­
ter, with numerous ouUs7erl. Map IX., :rig.:irS. May be 3een by the naked e".e in the
absence or the moon.

S. A OLOBULU CLUB.... of minnte ola... 1l<\" north b" eBlt of fI; R. A. ITh. Illm. 148 I
Dec. N.4.3" IS' .". Large, bright, aod reloluble, ..Ith a lumlnoUl centre. Seve!O>I
clher Il:>ro in lhe Beld. Map IX., Fig. M.

TRLw!coPIO OIl1IlC71'11.-Alpba' PainI out on the map Rela' Gamma' Delta' z,,1Ill1
Bta' Whal clneter", Polnl out 00 Ibe mop. Whl\& Nebula'
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SERPENTARlUS. lOj

9. A small PLAlfftllY 1mItJL.l between the bero's sboulde.. ; B. A. Itb.ll1m. 4&0.; Deu
r... OIl'S·. A CuriOUI object, with a disc S· in diameter. Look northeast of }' and Ii
In the lett arm, to a point fonning an equilateral triangle with these two Itan.

10. A !lne PLA....llY 1mItJL.l near the right knee of Hercules; B. A. l.h. 48m. ills•
.lee. N . .a- 47' 0". About 4- ea.t by north from T. It is large, round, and of a IUI'!J
,'d..t' hlul.:' hue. A 8th m&pitude star near it somewhat eclipses itl bri,htnel.

5E,RPENTARIUS, VEL OPHIUOHUS (TIIB SERPENT BBABEB).­

.MAP V. '

206. THE SERPENT-BEABER is also called ...Esculapius, or the
god of medicine. He is represented as a man with a venerable
beard, having both hands clenched in the folds of a prodigious
serpent, which is writhing in his grasp.

The constellation occupies a considerable space in the mid­
heaven, directly south of Hercules, and west of Taurus Ponia­
towski. Its center is very nearly over the equator, opposite to
Orion, and comes to the meridian the 26th of July. It containll
seventy-four stars, including one of the 2d magnitude, five of
the 3d, ~nd ten of the 4th. .

207 The principal star in Serpentarius is called Ra, Alkagv.e,
It is of the 2d magnitude, and situated in the head, about 50
E. S. E. of Ras Algethi, in the head of Hercules. Ras Alhague .
is nearly 13° N. of the equinoctial, while RIw, in the southern
foot, is about 25° south of the equinoctial. These two stars
serve to point out the extent of the constellation from north to
south. Ras Alhague comes to the meridian on the 28th of July,
about 21 minutes after Ras Algethi.

About 10· S, W. of Ras Alh.guo are two small sta.. of tbe 4th ma,nitude, scarcel7
more thaD a degree apArt. The,. distingui.h the left or welt shoulder. The northern
ane Is marked ItJfa and the other K"ppa.

Eleven or twelve degrees S. S. E. of Ra!l Alhague are two other etan of the 3d maml..
tude, in the east shoulder, aDd about 2- apart. The upper one Ie called 01l..b, and the
lower one Gwm,ma. Thee etarl In the head and shouldera of SerpentarIu., form a trl­
'(nyle, with the vertex In Rail Alhague, aDd pointIn, toward Ule northeal..

208 About 4° E. of Gamma, is a remarkable cluster of four
or five stars, in the form of the letter V, with tne open part to
the north. It very much resembles the Hyades. This beautiful
little group mark the face of TAURUS PONIATOWSKI. 'fhe solsti·
tial colure passes through the equinoctial about 2" E. of the

2Oe. 'What other name hal the Serpent Bearer? How reprelented? SItuation aod
extent? Number anll siEe or ita principal Itare' i07. Name or Itl principal Itar'
\1:ll(nitucie anrt l!I!tu~tlon' Rho, and ita ldtut\t1on PUle 01 the.e twft 1I1.r.? What lAi'
t'.f Iota and KaIJI.a? Of Cbclcb and G,.,mtna? ~lS. "nat Temw.rka),Je cl1l!terP ,'(111

5*
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lower star in the vertex of the V. The letter name of thie
.tllr is I•.

There b M)methiDJ( rem.arkab~e in Ita central poelUon~ It 18 IUuated almolt exactl,. fo
the: mid-heaveD., oetog nearly equi,U.tanl from. the polel, and mid""7 bet....een the ver·
!lal and autumnal equinoxel. II. is, bow8Ter, about ODe and a. third dp!I'ces nearer tll~

north lhaa the MJulh polt.", anti IIbout two degrees nearer the autumnaJ. than the verUaJ
t:'fluino:x, beio. atoui. two dt'grcu west of the Bolditial colure~

VirectlJ' 8uUlh of tbt: ", at tile: diatanCC! of about 12·, are two very.mall atara, about.
2- ap».rt, ,ituM.led io the rlp:l.t band, ..here It grasps I.he Icrpent. About half.wa,.
h..-tweeo, Mud nearl, io a Hue ....hh, the two in the hanll and the two in the ,houlder. it
.wolber lIar of the 3d wagnituuc, lUarkt:d Zekl, Iil.uated ill tile &. pent, up~it.., the
ri){ht elbow. It IUll)- be known by meu.lIlJ of a minute .~r just under h.

J/lJrdc, in the lrf" arm, i." at¥r of Un: fth maguituJe, about 10· S. w. ot Iota and
Kappa. About r- farther in th~ lIame direction are two etara of the 3d magnitude, situ­
aled in the band, aDd • little more than a degree apart. The upper one of the two,
lfllich ill about 1.· N. of Gram•• in Scorpio, t. call~ Yed,. the oth~r is marktd Epsilon.
Tlll.·~e t"o etars JD&l'k the other point in the folds ot the monster where it is gruped bl
Ikrl"'ntariUl.

The len ann or s"rpeularlUI may be easily traced by meanl or the two ltan in the
.boulder, the one (Marllc) neAr the elboW, and the t"o in the hand; all lying nearl1
in a Une N. N. E. and 8.8. W. 1D the lame manner may the right ann be traced, by
titan very .unuarIJ.ituated i that iB to aa1', drst bJ the two in the east shoulder,Just
welt of the V, thence S' In a lOutherly direction Inclininl a Iitlle to the e&lt, by Zeta,
(known by a lillie ltar r1ghtllDder It,) and then by the two Iwall onel in the right hand,
.itualed about 6' bel.w z"la.

Aboat UI1- from blarel, in an e&lterl7 direction, are two ltal'll in the right foot, about
2· apart. The largut and lower of the t"o, il on the left hand. It 11 of between the
~I and 4th malDi~uc.es.aud marked Rho. There are Beven,1 other .tan in this conale1-­
i ..Liun or the 8d and ~b m..gnitud.l. They m..,. b. traced out rrom the wap&.

" Thee, 8erpentarh18, we behold distinct,
With 'erJt!fUy.juar refulgent IItKr&; and 0fWI
Graces U11 belmet., of the second elasl:
The &rp.m, In thy band gr..ap'd, winda hil Iplre
lmmenle i fewer by ten hi. figW'c trace;
Otw of the aecond rank; ten Ihun the light i
And seven, he who bears the monlter hides."-Ku.cloIia.

HISTORY.
nu.s constellation W&I kn01nl to the anclentll twelve hundred years before the Chne­

Uan era. Homer mt-ntioDIIt. It il thus referred to in the Asuonomicon of MaDUiu"-
u Next, Ophluchus stridel the mighty snake,

Untwi!!!lu his winding fulds, and smooth. hi! back,
Extends his bulk, and o'er tl -. t1lippery scale
His wk1e~ltretch'dhande on either side prevail
The snake turns back his head and s~eru8 to rage:
That War must last where equal powel· preVil.i~5.u

_nIaplDl W&ll the Ion or Apollo, by Coronia, and waa educated' by ChiTon tbe ee...
taur In tbe art of medicine, in which he bec&D1e 80 skilful, that he was cODsidered the
Inventor amI god of mediciue. At the birth of &culapiUB, the inspired da.ughter of
Chiron utten::d, U in sounding YerBf I' thil prophetic strain.

" Ha.iI, great physician of the 'World, all hail I
Hail, mighty infaDt, who, in yean to come,
Shall h~H.l the nation! and defraud the tomb:
Swift be thy growth I thy triumphl unconaned !
Make kingdome thicker, and increase mankinc;'.:
Thy da.riug .rt .hall animate the dead,
And draw the thunder on thy guilty head:
Then shalt thou die, but from the dark abode
lUae up Victorious, and be twice a god."

and r...mblancef Marka what? What laid or the lower ltar In the V., What It.\r.!
lonth or It' Wbat <r Manic' or Yed and Epsilon' How trace lbe lert arm'

lI1sTOaY.-Antlquity of tbls conltellation' Proor, Who Wal lEacwapius' A.cou·"
o( hill JP'eat .kill' Hill metamorpholil' Relll&rka.ule fact respecting Socratea and IJ lall)",
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He accompanied th6 Argonauts to Colchis. in ~he capacity of physician. Ht 11 said to
ttave restorco many to life, insomuch that Pluto complained to Jupiter, that hil dark
dominion was in danger of being depopula.ted by hi! &I't.

lEsculapius was 'frorlShtp~d at EpitJaul'us, a city of Peloponneflllli, and bence he II
styled by ~liltoll u the !Cod. in Epidal1rus." Bein~ sent for to Rome in the time ofa pls!Ue,
he assumed the form of II lJ~rvent and accompanied thb ambsssado"' l but though thu"
changed, he WH,S .£sculaplub still, in ,erpe-ntl3 deus-the deity in a serpent---&nd under
that form he continued to be worshiped at Rome. The cock and the lerpen\ were I&crt'd
lio him, e~peda.lly tht: latter. The ancient physicians used them in their prelcriptioni.

ODe of the last acts of Socrates, who is accounted the wisest and best man of Palan
ant.iquity, was to otTer a cock to &8culapiu8.~ He and Plato were both Idolaters; Ulf'.v
~onfonlled, and advised others to conform, to tbe religion of their country; to groll
Idolatry and absurd superstition. If the wlaelt IUld mOlt learned were 10 bUnd, what
muat ihe foolish and ignorant ha.ve been'

TELESCOPIC OBJECTS.

1. a OruIUeuI (Ras .A.lIoaU".)-A. bright star with a minute companion, ill tne head 01
the fi,ure; R. A. :7h. 27m. SOs.; Dec. N. 12' 40' OS'. A 2, lapphlre; B 9, pale gre,. A
COBrle triplet of sm"U stars near them.

2. 0 OPBIUCHI (l"<ld)-A star with a diltaDt companion, in the right hand; R. A. ISh.
0001. liSs.; Dec. 8. S' 16' 07'. A 8, deep yellow; B 10, 'pale Wac; a 1JJIrd minute star in
the lIeld.

8. '1 OPHIUCBI-A brilliant IItar wit~ a distant companion, on the left knee; on the­
marlin of the milky way; R. A. 17h. 01m. 1SS'i Dec N. 1:;' 81' OS·. A 2ltl, pale ,e11ow,;
B 18, blue.

4. T OPBIUCBI-A close BllfARY STAB on the left hand, 1(). northealt of the bright ltar
fl, jlLSt described, towards Altair; R. A. 17h. Mm. 22s.; Dec. 8. S' 10' M·. A II, and B
G, hoth pale white; C 10, light blue; two other st"... In the lIelei. Out of place on tbe
map, or R. A. wrong in the tables, as given above.

l>. A TRIPLI or rather IIULTIPLK 8TAR, between the left foot of Ophluchua, &I1d the root of
<he tall of Scorpio; R. A. 17h. 0018. 29s.; Dec. S. 26' 21' 00'. It III about 10' due eut of
'lntarel. A 4Jlj, ruddy; B 6Jlj, pale yeUow; C 7lli, gre,.llh. The latur III double, a
minute cvrnpanion appearing at a distance, though Dot Been through ordinlU")' tnltrumentl.
For relative position, .te., see Map VItI., 'Ig. 14.

6. A line GLOBULU CLUSTU, between the right hlp IUld elbow; R. A. 1Gb. 88m Ms.;
Dec. S. 1- 40' OS'o A rich cluster, condensed towards the center, lf1th many straggling
outJayen. Abol1t 8- from £ Ophiuchl, towards ,8.

7. A &leu eLuenB of compreSled star.. In the right hlp; R. A. 18t,. 4Sm. 4lls.; Dec. i:l•.
9' M' OS". About S' eaat of e Ophiuchi; or half.way between f3 Librlll\and (J Aqulllll. .\
oeautiful round cluster, and may be seen with & telescope three feet in enfth. .

S. A ROURD CLUllTBB on the left leg; R. A. 17h. 091D. 42s.; Dec. S. IS' l!U' or'. It II",
about 8- southeast of e, and rather more than ~ the distM.nce on a line from Antare.l t..:
Altair. A flne otdect-myriadll of stars cluatering to a blase In the center.

V.. A L....GB GLOBUUB eLUSTU In the left arm; R. A. I1h. 29m. ISs.; DM. S. S· 09' 01".
It 11.. 16' sonth of Has Alhague, or about hair way from f3 Scorpii to t Aqulllll. 6ltl· south.
by· ....t of y Ophluchl. A fine ohj.ct, of " lucid White, and lD&J be leen with ImallllLStru·
:nonlll. Several It"l"1 in the lIeld. Map IX., Fig. 55.

-----------------------
TIILaCOP10 OBlBll1'S.-AI"h,,' Delta' Eta' What multiple ltar' Point out 'n '.h.

DIlP. What dueters' Which Ih~wn on the m..p'
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CHAPTER x..
CONSTELLATIONS ON THE HKRIDTJ.N IN AUQtnn'.

\

\
I

DRACO (THB DIU.GON).- -MAP VI.

~09. THIS constellation, which compas8eB a large circuit ill the
polar regions by its ample folds and contortions, contains many
stars which may be easily traced. From the head of the mon­
ster, which is under the foot of Hercules, there is a complete
coil tending eastwardly, about 17° N. of Lyra.; thence he winds
down northerly about 14° to the second coil, where he reaches
almost to the girdle of Cepheus; then he loops down somewhat
in the shape of the letter U, and makes a third coil about 15°
below the first. From the third coil he holds a westerly course
for about 13°, then goes directly down.... passing between thfl
head of the Lesser and the tail of the Greater Bear.

210. Draco contains eighty stars, inclnding two of the 2d
magnitude, three of the 3d, and sixteen of the 4th.

.. The Dragon next, wlndl Ilke a mighty slream :
Within It1 ample foldl are ttighty stars,
Four of the IIecond order. Far he waves
Hil ample IlJllreo, involving either Bear."

The head of the Drag-Oil is readily distinguished hy means of
four stars, 3°,4°, and 5° apart, so situated as to form an irregu­
lar square; the two upper ones being the brightest, and both
of the 2d magnitude. The right-hand npper one, called Etanin,
has been rendered very noted in modern astronomy from its
connection with the discovery of a new law in physical science,
called the Aberratitm of Light.

The letter name of thll Itar II Gamma, or Gamma DrCUlOflU; and b1 tbls appelJatlolZ
It Is mOlt frequentIJ called. The otber bright Itar, aboul 4' trom It on \be lets, Is
R,ulab"",.

211. About 4° W. of Rastaben, a small star may, with close
attention, be discerned in the nose of the Dragon, which, with
the irregular square before mentioned, makes a figure somewhat
resembling an Italic V, ·with the point toward the west, and the
open part toward the east. The small star in the nose, is called
Er Rakis.

209. Describe Draco-ltl lituatlon and extent. 910. Number and Ilze of Its princi-
pal ltars' How may the 1uJad of Draco be distinguished' Whal said ot Etanln' Ito
letter name' Wbat of Rastaben' 211. Of I:r Raids' Furtber of Rastabcn' 01
Etanln' or Grumium 7 Of Omicron' How may the second coil be recognised' Whaf
,t 1",ta' Of lllta, Theta, aDd Alich' or Thoban, Kappa, and Glan...r'

------...,
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The two lImall .t&nIll' or 0' S. of RlUltaben ..... In th. I.ft foot of Hercul•••
Rutaben 18 on t.he meridian nearly at the same moment with Has Alhague. Etaoln,

40- N. of It, is on the meridian about the 4th ·of August, at the Bame time with the three
"",estern stars in the face of Taurus Poniato"lVskif, or the V. It Is situated less than 2- west
n .the lolstitlal colure, and Is exactly in the zenith of London. Its favorable positioD has
leI English utronomen to watch its appearance, for long periods, with the moat exact A.nd
unwearied acrutiny.

Of the four ltan forming the Irregular square In the bead, tb. lower and rlgbt-band on.
I. ll~' N. of Etanln. It I. c&ll.d (}rowm41¥111, and III of the 3d magnitude. A few degr....
E. of th~ square, ma,. be seen, with a little care, eight star. of the 6th magnitude, and one
of tbe 4tb, wblcb I. marked Omicron, and lIel 8' E. of Grumlwn. Tbll group III In tbe fI...1
coil of the Dragon.

Tb••econd coli III about 13' below the flnt, and may be r..ognlled by m.an. of four
ItaJ"B of the 3d and 4th magnitudes, so BUuated &8 to form a small square, about half the
also of that In the head. Th. brightest of them ia on the left, and lB marked Delta. A line
drawn from Rastaben through Grumlum, Bnd produced about 14·, will point it out. A line
dratnl from Lyra through Zi Draconts, and produced 10· further, will point out Zeta" a
etar of the 8d magnitude, BUuated in the third coll. Zeta may otherwise be known, by its
bt:ing nearly in a line With, and midway between, Etanln and Kochab. From Zeta, the
remaining stars in this constellation are easUy traced.

Eta, Th6ta, and ..d8ich, come next; all stars of the 3d magnitude, and at. the distance
leverally, of 6·~ 4", and 0" from Zeta. At Asich, the third star from Zeta, the taU of the
Dragon makes a sudden crool<. Thuban, Ka;ppa, and GiMI.«Ir, follow next, and com­
pl.te the tail.

212. 'l'huban is a bright star of the 2d magnitude, 11 0 from
Asich, in a line with, and about midway between, Mizar and the
southernmcst guard '.in the Little Bcar. By nautical men this
star is called the Drag01t'lI Tail, and is considered of much
importance at sea. It is otherwise celebrated as being formerly
the north polar star. About 2,300 -years before the Christian
Era, Thuban was ten times nearer the true pole ot' the heavens
than Cynosura now is.

Kappa Is a star of the 3d magnitude, 10' from Alpba, betwe.n Megre. and the pol•.
Miaar and :&Iegrez, tn the tail of the Great Beal', form, with Thuban and Kappa, In ~he

ta.il of the Dragon, a large quadrUateral figure, whose longelt side i8 trom Megrez to
Kappa.

Giamar, the \lUlt ltar lu tbe tall, III between the 3d and 4tb magnitudes, and 5' from
Kappa. The two pointers will ai.o poln' out Glanaar, lying at the dlJ:tance of Uttle more
Lban S· from them, and in the direction of the pole.

HISTORY.

Mylbologllt.o give 1'arlou. accounlo of tbls constellation. Byoome It I. reprelOuted a.
the watcbful dragon wblch guarded the goiden apples In the famous garden of the Hes­
pendel, near Mount Atlas in Africa, and W&8 siato by Hercule&. Juno, who presented
these apple. to Jupiter on the day of their nuptials, took Draco up to heaven, and made a
con.tellatlon of him, &8 a reward for hi. faithful serviceB. Others maintain that tn the wa.r
with the glantl, this dragon wu brought into combat, and oppol!led to Minerva, who seized
it In her hand, and hurled It, twisted as It was, ioto the heayenl round the axil of the
",arid, before It had time to unwind Its contortions, wbere it·sleepe to this day. Othel
wrlten of antiquity.ay. that thll II the dragon killed by Oadmus, who WlUl ordered by hlo
father to go in quest OfW8 sister Europa, whom .[upiter had carried away, and never I.f­
°p-turn to Pbenlcla withont ber.

" When noW' Agenor had his daughter lost,
He sent hi! 80n to atlarch on every cOBst;
And sternly bade hIm to his anns restore
The darling maid, or Bee bis face no more!'

1114. Sise and position of Thuban P What called by nautical men P How othemil<'
'34JIebrated' Whal further of Kappa, M'-Ar. MegreB, .t~. ,

IlllfNnY.-VarioDB }fythol...lc&! acof,untoP Btory of Oadmul and the dragon'.lc'etb'
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Hh leareb, however, proving fruitless, he CODsulted the oracle of Apollo, an 1 Vl:.t
01 dt:rtd to build a city wht!Te h~ /'Jhould Bee a ht:irer ~top in the gra,s:t, Roud to call thu
country 1ke<JUM.. He aaw the heifer a6.ccordlng to the oracle, and al he 1I'idhed to render
tll.uk. to the god by a IUl.critlce, h~ sent hi. companions to fetch water troUl the neighbor.
InA' grove. The waters Were 8~crt=J to Man, Bnd guarded by a moat terrific dragon, who
de.voured aH tbe U1elJ~tmgere. Cadmus, tlred of 'heir aeeuling delay, went to the piace,
aDd saw tile monster 8till feeding on their fieath.

C.dmu8, behuh.ling such. &Ceue, boldJy resoLYed to avenge, or to !'ha.re tbelr fate. He
therefore attacked the monster with liliugs alld arrows l and, with the assistance of
MiHerva, slC'w hiw. He then plucked out hilJ teeth, and lowed them, a~ the command of
PUllUM, in D. plain, when tbe1suddenly sprung up into armed men.

Enlt.rtainiug worse apprebenlloD Crom the direful offspring than he had done Cram the
In,gon himst:lC, he wu about to fly, when they fell upon ea.ch otber. and were a.ll81aln in
one promlacuou carD"l(e, except five, who auuted CadmUII to build the city of Ikeotia.

'l'ELESCOPIC OBJECTS.

1, a Duoo... (Thub....)-A ltar wllb a di.l&nt campaalan In the IIflb call of Draco; R
A. 14h. 110m. 080.; Dec. N. llll' OS' ~'. A 8~, pale yeUow; B S, dWlky; two olber Il&ro In
the lIeld. Upwardl of 4,600 yearl "la, Ibll W&l tile pole'ltar of Ibe Cllllideani.

2. B Duoo.ls (RlUtal"...)-A ltar with a very dl.tant companion, In the eye of Draco;
Il. A. 17h. 26m. 4ll1,; Ilec. N.1l\l' 20' 02'. A 2, ,.eUow; B 10, bluish; other ltaro in lIeld.

8. y DUCOlll18 (Blafl.in}-A. .tar with & t~leacoplc companion, to the crown of Draco;
R. A, 17h. 6210. ll8s.; Dec. N. lH" 80' 00·. A 2, oranse tint; B 12, pille lilac. .A. Ibird star

.In the field making a lIeat trIangle with A and B. Ettuaitl I. cel~brated &I the ltar by
viewing which, Bradl,. dllcovered the aberration of Ullbt In 1720. It Is a "'nith'ltar aI
the Greenwich ubaervatory.

4. d Duoo._A bright ltar with a dlltant companion, In the lecond IIelrUre; R. A
19b. 12m. 80s.; Dec. N. 67· 22' OS'. A 8, deep ,.eUow; B 9", pale red; olber small.tars
In Ibe lIe1d.

6. e Duoo.IS-A lIue double Itar between the oecond and Ibll'd lIe:mreo; R. A. 1911.
~m. 410.; Dec. N. 69' 61' 6'. A 6~,lIght ,.eUow; B S, blue; a Iblrd ltar jllit nortb
"If a.

6. '1/ DBAcOlns-A. ltar wtth a companion, berween the third and fourth ftesures i R. A.
16h. 21m. ~•. ; Dec. N, 61' 62' ~.. A 8, deep yellow; B 11, pale gre,..

7. J1. Da£CONI&-A very neat lUNARY BT8TD, on the tip of the Dragen's tongue; R. A
17h. OIlm. 028.; Dec. N. M' 41' 02". A 4, and B''', bolb wbite. Resembles Castor,
though the cornponenu are nearer equal. Period, about 600 yearl.

S. A TaIPLII lua In the IIrst flexure; R. A. lSh. 21m. 868.; Dec. N. 6S' 42' 05·. All,
pille wbite; B 8~, lIgbt blue; C 7, rudd,.. A dUllcult object-about mldwa,. between
i'llud d.

9. A. beautiful TJUPLJ: STAB in the nOle or Draco, on a Hne from y over {:J, &nd near
twice &I much further; R. A. 16h. 82m. 280.; Dec. N. 68' 14' 09·. A 6, pale ,.eUow; B 6",
faint Ulac; C 8, white i four o~her stars tn view.

10. A aa'oHT-<:U.... OVAL ."ULA, under the bod,. or Draco; R. A. 16h. OIlm. 0&.; Dec.
N. :>6- 28' 0'. Faint at the'edges, with (our stars in \he .field j one quite near It.

11. A PLANETAaY III.BULl, between the se<..'ulld aac. third. coil, on a ltne from Polaris to y
Draconl.: R. A. ITh. 6810. 880.; Dec. 66' 88' 01". A remarkabl,. bright Bnd pale bluG
Jll,;cct , with several telescopic Btars in th~ ticld. Hap IX., Fig. 66. It is situated euc""
In Ih. polo of1M uHpIIo.

LYRA (THE HARP).-MAP V,

213. This constellation is distingnished by one of the most
brilliant stars in the northern hemisphere. It is situated direct­
ly south of the first coil of Draco, between the Swan on the

TELII8OOPIO OllJWftI.-Alpha r Beta r GammB r Delta r EpIUon r Etar Knr
trii'le Itars r Nebutlll r

218. 1I0w Ia L,.ra dlstlngullhed r Where .itWlle:! r Number and 01.... • r ~t. prlll"~'
13,) lltars'
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east, and Herculee on the west j lIJld when on the meridian, ic
ullllost directly overh')a.d. It contains twenty-l1ne stars, includ­
ing one of the 1st magnitude, two of the 3d, and as many of
the 4th.

There Lyra, for the lJrightnegl!l of her stan,
More than their UUmbCl", eminent; tllrice seve I)

She counts, Rod one ot these illuminates
The hean:ns far arounu, blazing imperial
In theJlrd order."

214. This star" blazing imperial in the first order" is called
Vega, and sometimes Wega j but more frequently, Lyra, after
the name of the constellation.

There is no possibility of mistaking this star for any other.
It is situated 14io S. E. of Eltanin, and about 30 0 N. N. E. of
Ras .Alhaguc and Ras .Algethi. It may be certainly known by
lUeans of two small, yet conspicuous stars, of the 5th magnitude,
sitnated about 20 apart, ou the east of it, and making with it a
beautiful little triangle, with the angular poiut at Lyra.

The Dortbt:rn::nOlt of these two small stars 18 marked Eplfiknt" &-cd the louthern one
~ta-. About 2- S. E. of Zeta, and in & line with Lyra, is a star of the 4th magnitude,
marked Iklta, in the middle (If the Harp i and 4- or :)- S. of Delta, are two starl of the
SId. magnitude, about 2- apArt, In the garland of the Ha,I1J, (aroling another triangle, whoBe
vertex 1:1 in Delta. The etar on the east is marked Gamma,. ..hat on the west, Beta. If ..
.. line be drawn from Etanin through Lyra, and produced 6" farther, It will reach Beta.

This is a variable star, changing from the 3d to nearly the :Jth magnitUde in the spact!
nf a week; it 18 supposed to have spate on ita surface, and to turn on its axis, Ukft
our sun.

(Jamma comes to the meridian 21 minutes after Lyra, and precilely at the lIame
. moment with EpBilon, In tI,e :ail oflbe Eagle, 17~. S. or II.

The remarkable brightness of a Lyra has attracted the admi­
ration of astronomers in all ages. Mauilius, who wrote in the
a~e of .Augustus, thus alludes to it :-

"05B, placed in J'l"ont above the rest, di)lplays
A vigorous ltght and darts 8ul"priJing rays.H

.dltronomicon, B. I. p. 111.

HISTORY.

II ill flenerally asserted thai this Is tbe celestial Lyre which Apollo or MercU17 gave to
Orpheus, and upon which he played with such a masterly hand, that even the most rapi1
rivers ceued to flow, the wild beuta of the forest forgot their wiltJ.neIB, and the moun­
tains came to listen to hie song.

Of a.ll the nymphs who ueed to listen to his song. Eurydyce was the only one who made
a det:p impression on the musician, and their nuptials were celebrated. Tbeir happin~slJ.

bow~ver, WILS ellort. Al"isUr:us became enamored of Eurydice, Hood as she fled frorn ht:!r
pUrJuer, a serpent, lurking in the gl'ass, bit her foot, and sht:! died of the wound. Orpheull
r~solved to recover her, or p~rish in the attempt. With his lyre in his hand, he entere-d
the 'infernal regions, and gained admis»ion to Pluto. The king of hell was charmed with
his l!Itrain!l, the wheel of Ixio'l stopped, the atone of Si.yph'j5 stood still, Tantalul forgot
hi.::l thirst, and even ihe furies relented.

IJluto Jlnd Prol!lcrpine were moved, and consented to restore him Eurydice, provIded. ht
forbore jooking behind till he had come to the extremest borders of their dark domini(,uo.

214. Names 0' the most brUliant Btar' How certainly knowD' Where a.re Irprj)(;'1)
Zetn. Dell&, Gamma, and Beta' What peculiarity abou. Beta! In a Lyrlll'
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rhe ""ndltlon .... accepled, and Orpheuo .... aJread,.1n light of the uppet eg\0'll 01
.1It:! air, wben he furgot, and turned back to look at h1J long-Jost Eurydice. He B&W her
but Ihe Inltantly v"nllbed fro... bil light. He attempted again to folio .. her, bat ....
re(Ufed admi...ioD•

• rom till. Ume, Orpheul Beparated himself from the loclety of mankind, which 10
ll!fended Ule Thraciau women, it 1II laid, tbat they tore his body to pieces, and threw hit.
hCKd tnto the Hebrul, still artlcul~ting 'he "ord. Eurydice I Eurydice 1 • .1 it W&8 carried
UUWD t.he a&ream into the .MceaD lea. OrpheWi waa one of the ArJ'oDaut.., of which cele­
bralold e"pedlllon be wrote a p<>eUcal accoWlt, which I. Itlll extant. After his death, he
received dJ"tne hODora, and hll 11re became one of the conltl!l1atioDI.

'J'W. fable; or allelOr.J, deal,oed merelY to represent the power of music in the handl
·,f the great muter of the 1C1encIl, 18 IlmUarl1 delCrlbed b1' three of the most renow:'lcd
J.aUn poe&a. Vlr,u, 1D &be fourth book. of bil Georgics, thua deeeribe. the ~aeel. of tJ ..
Iyre:-

.. E'en &0 the dark domlniono of the nlgbt
He took bia way, through fore.tt void of ligh t,
ADd dared amid the trembling gholto to sing,
And .&ood before the inexorable kiD,.
The Infernal troops like palling shadows gliu~,

Aud l1Itenlng, crowd the sweet mWlicla.u'. Bide;
Men, matrou., children, and the uumarried maid,
Th., mighty hero's more maj~stie shade,
And youth, aD funeral pUe. before their parents laid~

J!;'t:n 1'rom UJe deplhl of hell Ult~ dalllu'd advauc~;

The infernal maUlJioD&, nudtling, 'eem to daDc~ ;
1'he gaping t.bree-mouL1J.'d dog lorKeta to snarl;
The furies hearken, and their tluuku uncurl;
Won Mema no more hia paiD to fed,
But lea08 attentive on hid standing wheel.
All dangers past, at length the lov~ly bride
1D safety goes, with her melodiollS gUid~."

Pythagoras and his Collowen represent Apollo pl.ying upon a. harp of seVen strin~,

I,y which is meant (as appears from Pliny, b. U. c. 22, Macrobius i. c. 19, ..ud Ct:n2K>rilld
c. ii.), tbe sun in conJunction with the seven planets; for they made him the leader oC
that septenary chorus, and the modera.tor of nature, and thought that by his aU.ractive
furce be acted upon tbe planets in the barm(]nicll.l ratio oC their distancea.

Tbe doctrine of celestial hanDony, b) which was weant the music of the spheres, wu­
common to all the nationlJ or the l!:a.8t To this divine music Euripides beautifully
ulludes :-" Tbee I invoke, thou self-created Heins, who gave birth to Na.ture, and wbom
llgbt &D.d darkneu, and the whole Lrain of glob'" encircle with eternal mWiic."-So a..80
Shulpeare ;-

-"Look, how the floor oC heaven
II thick Inlaid, wltb patines of bright gold;
Th~re'8 not the smallelt orb which thou behold'st,
But in bis motion like an a.ngd sings.
BUll qulrlng to tho yOWlg-eyed cheruhlm;
Such harm.ony Is in immortal SOuld;
But, while this muddy vesture or deca,.
Doth groul". close it in, we cannot hear it,."

The lyre was a famoul Itringed Inltrument, much used among the ancients, IHold to
baye been invented by Mercury about the year of the world 2,000; though some ascribe
the invention to Jubal. (Genesis Iv. Ill.) It Is uniyeraally allowed, that the lyre ...... the
Orst instrument of the string kind ever used in Greece. The different lyres, at various
periods of time, had from four to eighteen strinl8 each. The modern lyre is the Welsh
barp. Tbe lyre, among painters, Is an attribute of Apollo and the MUllea.

AU poetry, it bas been conjectured, was in iUl origin lyric i that is, adapted to recita­
ti( n or Bong, with the accompanimen t of music. and distinguished b1 the utmost boldne81
or tbonght aDd ""prelslon i heing at first employed In celebrating tbe prall" of gods
fIond heroes.

Lesbol was the principal leat of the Lyric Muse i and Terpander, a DatiYe of th~

Island, who flourished about 660 years B. C., is ODe of the earliest of the Lyric poets
whale name we flnd on record. Sappho, whose mi.eforwnes have united with her taleuts
t.D render he.. 1IJI.me memorable. was born at Mitylene, the chi~f city of Lesbos. She W&9

tlJIITOar.-8tory or OrpheUI and Eurydice' Delign of this myth' Celebrated bJ whal
vueta' . Origin of Ule Lyre, and Q' Lyric poetry' \Vhat saiJ of Pind-.r'P
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reckoned a tenth mnae, and p1ac.d without cont-ov.rs,. at the h.ad of the f.mal. wrltel'll
in Greece. But Pindar, & native of Thebes, who flourished about noo years B. 0., 11
1tyled the prince of lyric poets. To him his fellow-citizens erected a monum~nt; and
f'hen the La~edemonian8 ravaged BmotJa, a-nd burnt the capital, the following wordfl
were written upon the door of the poet: FOBBS""" TO IIUD THld HOUqB. 11' WAS Till
DWKLLISO OJ' PIIDA.&.

TELESCOPIO OBJECTS.

1. a LVIL&-A Blar with a lIttl. compsnion; R. A. ISh. 81m. 80s.; D.c. N. 88' 88' 01'.
A 1, pal. oapphir.; B 11, .malt blu.. Map V1n., Fig. Ill.

a Lyris is computed to be 400,000 times .1 remote as our SUD; or 88,000,000,000,000
ti18taut I And ,..t what 10 this to the m.an dlstanc•• of man,. of tbo•• of the 12th 10 11ltJl
magnitud•• r

2. {3 LVIL&-A .tar with Its companlonl formlnr a quadrupl••,..tem; R. A. 1Sb. 44m.
09•. ; D.c. N. 88' 10' OS'. A 8, v.r,. ..hite and .pl.ndid; B S, pal. gr.,.; 0 S~, faint
,..110"; D 9, IIgbt iliac. {3 il r.gard.d as variabl•.

S. y LYJl.B-A luatroul .•tar 7' .outh.a.t of V.ga, ..itb a minute distant companion'
R• .\. ISh. 112m. 67•. ; Dec. N. 82' 2S' 00'. A 8, bright y.llo.. ; B 11, blu.; other tele·
Icoplc .tara in the ll.ld.

4. e LVIlA>-A apl.ndld JlULTlPLB STAR, onJ,y Hi' nortb.ast of Vera; R. A. ISh. 8llm.
02•. ; D.c. N. 89' 50' 08'. Map Vill., Fig. 16. With .malllnatrum.nts It appears .Impl,.
doubl.; but with better instrum.nts .ach of lb. compon.nt. are found to be doubl., and
binary systems. Between the twin systems are three minute .tars. The components of
the t..o systems arll described as A II, ,..110.. ; B 6~, rudd,.; C II, and D {;~, bolb ..hit••
A, B c.re the lowest., or northern pair. •

These two twin lyltem8 are in motion arC\und a common center of gravity, as well &s
the resp.ctiv. compon.nls around .ach olb.r. Th. period of tb. Individual s,..tem. i.
estimated at about 2,000 yean; while 1,000,000 of yearl are Illpposed to be requilite for
a revolution round the common center of both I

II. c: Ln..... -A lln. DOUBLe BTAB about 9' south of e; R. A. 1Sb. 89m. Ills.; D... N. 37'
26' 06'. A II, topaz; B II~, gre.nish.

6. 1/ LVR&-A neat DOUBLe .TAB 6' .ast of V.ga; R. A. 19b. OSm lSI.; D.c. N. 88' 112
06'. A II, sk,. blu.; B 9, violet tint. A lln. oqject for a mod.rat. tele.cope.

7. 11 LVR&-A QU£DRUPLS SUB In the cross-piece of the Lyr.; R. A.1Sb. 48m. 48s.; D.c.
N. 82' 88' 0'. A 9, pale ,.ello.. ; B 18, bluiBh; 0 11, pale blu.; D 111, bIQ.; thr•• olber
.laro in the ll.ld. A v.r,. d.lIcate obJ.ct.

S. A OLOBULlS CLU.T.., In a spl.ndid ll.ld, bet....n tb. eastern ,.oke of Lyva and tht
head of Cygnus; R. A. 19b.1Om.19s.; D.c. N. 29' 114' Oll'. AboutllW .outheulof 13 Lyrlll,
to..ardl {3 O,.gnI, and 8Ji' from th.laU.r. Map IX., Fig. liT.

9. An AllJ(trL.t.B IIBBtrL.t. bet....n {3 and y; R. A. ISh. 47m. 87s.; Dec. N. 82' 1lO' 01'.
A wonderful olllec!, In the form of an elliptical ring. Suppos.d b,. H.rsch.1 to b. 900
times as dlstanl as SlrIna. A clear opening through Ito center, and ..veral.tara in thn
lWd. Map IX, Fig. 08.

TAURUS PONIATOWSKII.-MAP V.

215. This small asterism is between the shoulder of Ophiu­
chus and the Eagle. The principal stars are in the head, and
of the 4th magnitude. They are arranged in the form of the
letter V, and from a fancied resemblance to the zodiac Bnll, and
the Hyades, became another Taurus. See description of Ser·
pentarius, article 206.

-------------'--
Tm.sbooPIO O&nC!l!.-A1pha f Beta f Gamma f Epsilon f Point out on the map,

7..ta 7 Eta 7 Nu r What clu.ter r Point oul on the map. What nebula, and wb.n
-Jund on the map'

'lUI. Describe TaW'tll Ponlatowskll. Where .Itnated r
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TELESCOPIO OBJ~

1. A Dea\ DOU.IA .... In the .pace bet"een Ihe Poll.h Ball, aDd the Eagle'. '"II(, :i

,'as\ of a Ophiuchi. In a Une to...rd• .utair; R. A. 1111. 68m. I1s.; Dec.~. 11°118' (iij"
"8, atraw-eoluri B 8", Jlapphire blut:.

2, A liDO pL.UllrUBY n.u.... In a rich vtcinlty, tn the Ihowd"; R. A. ISh. Mm.tl •.•
Dec. N. 6° '" 0lI'. A slO&l1 hut bright object, regarded by Prof. SIr..... Blone of &be ..­
,urlo'a In the he• .,en.. Hany Ieleoeoplc ltan In the lIelel.

SCUTUM SOBIESKI (SOBIESKI'S SI11ELD).-YAP Vo

216. This small figure is between the head of the Polish Bull,
and the head of Sagittarius. Its four principal stars are of the
5th magnitude; and it is important chiefly for its Telescopic
Objects.

TELESOOP1<J OBJECT8.

1. A DllC1IL& ..... 0.° """theBlt of fI. Sqlttarii; a. A. ISh. 07m. 87s.; Dec. S. 19' \lll
011'. A S~, and B 10, boUl"rey.

2. A neat DOUBL. 8TJ.Bt in a lon~ and 8tragg1ing }ul8Cmbla.ge below the Shield; R. '-.
ISh. 10m. 8&1.; Dec. 8.17°11' 07'. A g, and B II. h{Jth blniah. It is 4.° from fI. 8&1littarll,
In a very rich vicinity; several splendid Jlehhl lying only about 1- ROUth of it.

8. A BUllTlf'UL CLlllIT_ bela.. the base of Ihe 8t.1eld; R. A. ISh. 0Sm. 4.ta.; Dee. S. ISO

21' 06-. A line from a Aqui12, southwest over it Antinol, and continued &8 (&I' ap.iD,
will reach thil object.

4.. A SC..TTEIl&D BUT LUO. CLUllTD, north-half-ealt from fI. Sagittarii 7°; R. A. ISh.
09m. «s.; Dec. 8. IS· M' 06°. Stars disposed In pairs, the "hole formin" a very prell!
object in & telt:eCope of tolerable capacity.

6. A HOOSB-8IWK a2BCL.l just below the Shield; R. A. ISh. 11m. 23s.; Dec. 8. 16° 1:1' OS'.
It has been compared to a Greek Q. Map IX., Fig. C>9. Five stars in the obje;t, and
others in the field, aLd the region around It particularly rich. Sir Wi1lia,m Herschel
computed that there were 28."),000 stars in a space lOoJong, and 2J.6· wid~; many or
which were 2,300 11m•• al far olf a. Sirl... I

SAGITTARIUS (TilE ARCllER).--MAP V.

217. This'is the ninth sign and the tenth constellation of thl'
Zodiac. -It is situated next east of. Scorpio, with a mean decli­
nation of 35° S.. or 12" below the ecliptic. The sun enters this
~ign on the 22d of Kovember, but does not reach the consld­
{{(tion before the 7th of December. It occupies a considerable
space in the southern hemisphere, and contains a number of sub·
ordinate, though very conspicuous stars. The whole number of
its visible stars is sixty-nine, including five of the 3d magnitude
8ud ten of the 4th.

---------
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218. Sagittarius may be readily distinguished by mea41R of five
stars uf the 3d and 4th magnitudes, forming a figure resem­
bling a little, short, straight~handled dipper, turned nearly bot­
tom upward, with th'3 handle to the west, familiarly called the
MilJ.:.-Dipper, because it is partly in the Milky-Way.

This little figure is so conspicuous that it cannot easily be
mistaken. It is Rituated about 33 0 E. of Antares, and comes
to the meridian a few minutes after Lyra, on the 17th of Au­
gust. Of the four stars forming the bowl of the Dipper, the two
upper ones are only 3° apart, and the lower oues 5°.

The two Bmall.r Btaro rormlng the handle, and extending weBterly abont 4~', and the
easternmost one in the bowl of th_e Dipper, are all of the 4th magnitude. The atar lD
the .nd or the handle, ill marl.ed Lambda, and is placed in the bow or Sagittarius, just
within the Milky-Way. Lambda may otherwise be known by ito being nearly In aline
with two oth.r BtarB about 4~' apart, extending toward the S. E. It i. also equidistanl
rrom Phi ..nd Dtlt«, with which it makes a handsome triangle, 'WIth the vertex in
Lnmbda. About 6° above Lambda, and a little to the west, are two stars close together
In the end of the bow, the brlol'htest or which is of the 4th magnitude, and marked Xv.
This ltar serves to point out the winter solstice, being about jO N. of the tropic of Ca.pri­
corn, and 1~S8 tha.n one degree east of the solstitial colure.

If & line be drawn from Sigma through Pili, and produced about 6° farther to the west,
it will point out Data, and pl'oduced about 8" from Delta, it will point out Gamma; stars
of the 3d magnitude, in the arroW'. The latter i. in the point of the arrow, and may lJo
L:.nown by mean. of a Im&llitar jUlt above it, On the right. 'l'his Itar is ao nearly on the
lame meridian with Etanln, in the head of Drsl)o, that it culminates only two minutel
aft.r it.

A few other conspicuoul stan in this conltellation, forming a Tariety of geometrical
figures, may be eallly traced from the map.

lllSTORY.
Thil cODltelJation, it is said, commemorates the famous Centaur Chiron, son :>f PhUyra

Rnd Saturn, who changed himself into a horse, to elude the jealous inquiries of his wife
Rh....

Chiron was famous for his knowledge of music, medicine and shooting. He taught
m"il.nkind the use of plant. and medicinal herbs; and instructed, in all the polite artl,
the Ireatest heroe! of the age. He taught lE.:iculapius physic, Apollo music, and Her
eules astrono~; and was tutor to Achilles, Jason, and lEneas. According to Ovid, hi
was slain by Hcrculel, at the river Evenus, for offering indignity '0 his newly marrieJ

"brid••
U Thou monP.'ter double !hap'd, my right set free­

Swift as his words I the fa.tal arrow flew;
The Centaur's back a.dmits the feather'd wood,
And throurb hls bread the barbed weapon stood;
Which, when in an,uish, through the Beah he tore,
Prom both the wounds gush'd forth the spumy gore."

The arrow which Hercule. thul .ped at the C.ntaur, having b.en dipp.d In the blood
1'( the Lernaan Hydra, rendpl"eu the wound incurable, even by the father of medicine
himself, and he beKt:fd Jupirer to deprive him or immortality, if thus he might escllpe
hi. excrueiatin« paluJ. Jupiter «ranted his requelt, and &ranllated him to a ph~cl'

~wODg the cODstellati(lnl.
II Midst golden start he stands refulgent now,

And thr1lllt~ the ::SCorpion with his bended boW'.n
This- il the GrecJan account of Sagittarius; but l1S thll constella.tlon appears on tho!;!

kocient zodiacs of Egypt, DeDdera, '&me, and India, it seems conclusive that the GreeI.d

21 S. Huw distinguished' Where iB Lambda' How known' Where are Mu, Delt~.
lind Ga.mma?

H'BTORY.-What doeB Sagittarius commemornte' Story of Chiron' 'Vhat .fllJ ~f tb.
ontiquity of this constella.tion
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o~ borr'o""'" l1l<Ijlqvrt, ..hli. th.y~ l1l<IfulJu. Thlt 10 kno'll'l! \AI bol trl'e triUl
rapect to Terr D1any of the ancient cODatellauoD8. lienee the Jargon of the contliL:tin61
aeeountll whlcb have de8cendt:d to IlL

TELESCOPIC OBJECTS.

1. I' /l"OI'1"l'u.n-A .ULTJ1'LII OUB in th. norlb end of tho Arch.r'. bo.. ; R. A. iSh.
~. 111.; D.c. 8. 21' 00' uf' Aboul~' .ul-norlb....l of Anlare.. A a", pal. yello.. ;
D 16, blu.; C II", and D 10, both «ddim.

2. (1 S..OI.....BII-A .lar ..Ith a di.lant companion In th. Archer'. right obouid.r;
R.•\. ISh. 4llm. 201.; D.c. 8. 26' 211' 03'. A a, ruddy; B II", uh-color.d.

8. A v.ry d.Ucate "&11'''' ....... b.l'II'..n the head. of Saglttarino and Capricorn, about
lIlI' IOUth-by.....1 of Allalr, Bod 10' ....t of /:l Caprlcornl; B. A. ll1b. aIm. 880.; Dee. 8,
16' 8\1' 02'• .1.6". "ello.. ; B S, viol.t; 016, bil,.. Olber omaU .tar. in lbe a.ld.

4. A L.UIO• ..a.JlD OO.&.IUW CLtrBTU of minute stan, dOle to the upper end of the bow, and
In lhe Galaxy; R. A. ISh. 03m. 035.; Dec. 8.11' 88' 01'. Sl&rl of the 10lb to 18th mag­
nltud... A rich IIeid of no partiCUlar form.

6. A LOOlIIO CLll81'U In the Gal..,.,. bet....n the Arch.r·. h.ad and Sobi.okl'o Shi.ld;
R. A. 1Sb. 22m. 140.; Dec. 8. Ill' 10' 02'. The mo.t prom1:JBIlt Bre B pair of Sth magni­
tude .tar.. It 10 about 6' norlb...t ot I' Sagitl&rll.

6. A n1l. GLOBUUJI CLDtJTU between the head BDd bow, near the lolaticlal colurei
R. A. ISh. 26m. 260.; Dee. S. 24' 01' 04'. A lin. grouP. eompreued to..ardolb. c.nter.
with ..veral .iDgle-olan in th. tleld. Map 1X.. I'lg. 60. ,.

VORONA AUSTRALIS (THE SOUTHERN OBOWN).-MAP V,

219. This is a small and unimportant constellation near the
fore-legs of Sagittarins; and between them and the Milky-Way.
R. A. about 18h. Hm.; Dec. S. 400

, Its four principal stars
are of the 5th magnitnde, situated near each other, anft arranged
in a g-entle curve line, lying north and south. It has no .Mytho­
logical History, or Telescopic Objects worthy of notice.

AQUILA ET ANTINOUS (TlIK BAGLB AND ANTINous).-MAP V..
220. This double constellation is situated directly south of

the ~'ox and Goose, and between Tanrus Poniatowskii on the
west, and the Dolphin on the east. It contains seventy-one
Iitars, including one of the 1st magnitude, nine of the 3d, and
seven of the 4th. It may be readily distinguished by the
position and superior brilliancy of its principal star.

221. Altair, the principal star in the Eagle, is of the 1st, or
between the 1st and 2d magnitudes. It is situated about 14c

'hLB8COPIO OBncr8.-Mu' Sigma' WhBt triple .tar' What clu.ten' Whlct
Iho..n 00 the map' Point It ouL

219. D••crlbe Corona Au.traU.. Ito principal otaro' History aDd T.l...opic Objecll t
JIlO. SllDatlon or Aquila Bnd AnUnono' Number and oiz. of It. principal .\arlI'
'J91 Altalr-ho.. known' Stan.ach.ld.or It, Us. of Altair in Davig.Lion' Wb.·
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S. W. of the Dolphin. It may be known by its being the
largest and middle one of the three bright stars which are
arranged in a line bearing N. W. and S. E. The stars on each
side of Altair are of the 3d magnitnde, and distant from it about
20

• This row of stars very much resembles that in the Guards
of the Lesser Bear.

Altair is one of the stars from which the moon's distance is
taken for compnting longitude at sea. Its mean declination is
nearly st0 N., and when on the meridian, it occnpies nearly the
same place in the heavens that the sun does at noon on the 12th
day of April. It cnlminates about 6 minntes before 9 o'clock,
on the last day of August. It rises acrO'fliuJ,lly about the begin­
ning of June.

Orid aDud.. to the rIoIng oUhI. cOllltellatlon; or, more probablr, to that of the prln­
&.j>&l .tar, Altair :-

----'''Now riewthe .kl..,
And TOu'll behold Jo..e'. hook'd-blll bird &rI.e."

HaIlUJI" Falti.

----'.. Among tbTlPlendld I"0up
0.. dubious wbether of the s.:oKn aAlll<,
Or to the J'IBBT entitled; but ..bo.e c1&im
Seems to deserve the FlBST.n .

Jf}udorig.,

The nortbernmo.t .tar In tbe line, next abo,," Altair, I. called 7bra.ud. lu the wing
of the Eagle, tbere II another row compo.ed of three .tan, .Ituated ,. or lj. apart,
extending down toward the .outb....t; Ihe middle one In thll line I. the omalle... belog
onlT of the fourth magnitude; the nellt II of Ihe 8d magnitude, marked Delta, and
Illuated S' S. W. of AUaIr.

As TOU proceed from Delta, there I. anotber line of three .tars of the 8d magnitude,
between f). and 8- apart, extending southerly, but curvinK a little to the west, which
mark the Touth Antinous. The northern ..lng of the Eagle II nol dl.tlngnilhed bT anT
COD!lpicuOWl stan.

Zda and~ of the 8d magnitude, .ltuated In the tall of tbe Eagle, are about I'
Bpart, and 12' N. W. of Altair. The la.lone in the 1&11, marked Ep.llou, II on the .ame
meridian, and culminates the lame moment with Gamma, in the Harp.

From Epsilon, In the tall of the Eagle, to Theta, in the wri.t of Antlnous, maT be trace.:!
8 long llne of ltan, chiefly of the 3d magnitude, whose letter names are Theta, Eta, Mu,
Zeta and Epsilon. The direction of this line is from S. E. to N. W., and Ita length I.
about 20·.

Eta I. remarkable for Ita c1UInquz1JltJ appearance. It. greatest brigbtuell contlbue.
bul40 hours; It then graduallT dimlnl.he. for 66 hoor....hen Ita luster remain••tation­
a'1 for 80 hour.. It then waxes brighter Bnd brighter, untll It appears again &I a .tar
at the 8d mqnltnde.

From these pbenomena, It I. Inferred that It not onlr ha••pota on Ita surface, like our
IUD, bulthallt allO torn. on its axil.

Similar phenomena are ob.e"able In Algol, Beta, In the Hare, Delta, In OepAlDl, and
OmkroD, in the Whale, and many othen.

----,.. AquUa tbe next,
Dlrides the etber with her ardent wing:
Beneath the 8uKM nor far fromP~_,
POftlO EA,GI&."

plellc quotation f Where are Tarued awl Delta f ,..ta and EpIi10n f Theta f Elli
,., wlM.& r.......kable f

•
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HISTORY.

A~uUa, or 'he Eagle, I. a cOIl."'Uation usnallr Joined wlth Antlnous. AqlUla III .lUi'
pUZiCli to hay!;: IJt:'CIi ..\lcroplI, a king of the ililMUd of Cu., in Ule Archipela.go, and the b~
haUl! of Clymtme, the mothtr of Phaeton; this monarch having been tranlfurmeu In&.o &D
tugle, Hood placed among ~he cun:ltellaUoDI. Some have Imalined that Aquila wa. &be
t'ltolllle who~ form Jupiter ...wued when be carried Howa,. Ganymede; others, that it
n'preleoCli the eH.gle whicb brought nectar to Jupiter ",hUe he la, concealed in th~ CAve ••,
Creh:., to avoiu lilt CUI", of ht. tather, Saturn. 80me of the: a.Dcieut poetlll3y, ~M.t chiC
i. the eagle Which furnhthed Jupiter wtLh weapoDI In hil war with the gt&uta:_o

"The to..ering Eaqu ne"t doth bo1l11r.oar,
AI If the thunder in hi. cla""l he bore;
lie'. worthy Jove, since he, a bird, suppllel
The he&VII:D with aawred boltl, aud anu ,he lkies."

NafliUtH
Tbe eagle I.Ju.Ur8l,11e4 tbe "soYerelgn of bird.," .In~ he I. the la- gobI, .tronget!t,

ond ...Itte., of all the feathered tribe tb"t 11 ve by prer. Homer call. the eallle, "th~
IUOD, .ay.relgn of the plulll7 'a.ce i" llora.ce IItTl~. hilQ-

"The royal bird, to WhODI the king of heaven
Tht' empire of the feathered race hal pven :"

. And Milton denominates the eagle the .. Bird of JoYe." Ita .Illht I. quick, .tronll and
piercin•• to. proverb; Jub xxix., :l~, &c.

"Tbough .tronll tbe ba..k, thollllb practi.ed well to Or,
An ~agle drops her In th~ lower sky ;
An eagle wheD deserting human Itight.
She leeks the 8un tn her unwearied dtght i
Did thy command ber yello.. pinion lift
80 high tn air, aDd let her on the cUft
'Vhere far above thT world Ihe dwells Alone,
And proudl7 mates the Itrength of rockll her own;
Tlll;mce wiJe o'e, nature takel her dread lurvey,
And with a glance predeltinatel her prey?
She feOllw ber yOUDg witb blood; aud huvering o'er
The untllaulhtered hos" enjoy. the promilel'i gore."

ANTINOUS.

A: UnoDl II a part of the con.tellatlon AquUl, and ..... InYented by Trcbo Brana
Anl"noDl wal a 70uth of Bithynia, In Asia l\linor. 80 greatly W&I his death lamented
by the emperor Adrian, that he erected a temple to hts memorT, and built in honor or
him a .plendld city, on tbe banu of 'he Nile, tbe ruin. of ..blch are .till ri.lted by
tr....eler. wlth mucb in"'re.t.

TELESCOPIC OBJECTS,

1. a AQl7ILAI (.Aual,,)-A brIght .tar In 'he neck, ..ith a dl.tant companion; R. A.
19h. 42m.ll8s.; Dec. N. S" Ill' 09". A IJj, p"le reilo.. ; B 10, ylolet tint.

t. -11 AqVILAI (AlMa41&)-A oovu'" BTU, also In lbe n...k of AqUila, and the head of
AlltlnoUl; R. A. 19b. 4Tm. 261.; Dec. N. 6" 00' OT". About 2Jj" .onth-.outb....t of
Altair. A SJj, pale orange; B 10, pale grer; ..Ith otber .tar. In the aeld.

S. y AQ~ (7b"a.ud)-A .tar In the back of Aquila, on aUne ..Ith a and fJ, wlth ••
millule companIon; R. A. 19h. 88m. 88s.; Dec. N. 10" IS' 06". A S, pale orange; B 12,
dUlky; other stars around.

4. d AQ~, in the .outhern winll; R. A. 19h. Hm. Illlr.; Dee. N. t· 48' 00". II... a
distant companion. A 836, White; B 12, livid i other ltara In the field.

6. ~ AQl7ILAI, In the tall; R. A. ISh. Mm. 02•. ; Dec. N. IS" 81' OS". A a, greenl.h Unt;
B 11, livid i two other llare In the field.

6. A neat DOVDLB ..,.u on 'he margin of the lo..er ..Ing; R. A. ISh. 61m. 69•. ; Dec. N.
U" IS' OS·. A 116, lucid ..hlte; B 9, cerulean blue. A \lne object, not dilllcult to Ilnd,~

RI!lTORY.-D1l1'erent .upposltlon. re.pecllng' Manillu.' Hor..... ' Milton' Whal
...I~ of Antlnous'

TaL""""p!o OBJJI("I'I.-Alpha? Bela? Gamma' Delta? XI' Oth4lr dollblo .lllJ'O f
What dufttcrB' Which Ihown on the ma.tl? Wha& nt:-l,uJII,'
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It Ii.. 10" due nOI th of }, Antlnol, a 8d masnitude It"r, and IS" "ell of Il Aqllil",. '!'h,
bri.d '''8t obj~ct of itA humediate neighborhood.

T. A WIDE DOUBLI: STA~ about 4- l1"est.by-south of A. Antino{, between tb., foot ani.
50hiedki's Shield; R. A. 18h. 41 m. 078.; Dec. S. 6" 06' OS"" A 'l, orange tint i B g, eeru­
:..!an blue. A-lu.ny telescopic start in the ftc!d.

S. A SPUi:lfDlD CLUSTU close to the Boutheaat of the last described object; R. A. ISh.
'2m. 8~~. i Dec. S. 6- 27' 02", It il between the left foot and Sobieski's Shield. A gor.
gcnus object U IOme"hat resembling a Bight of wild ducks in abape," hal aD 8th maKni·
tude star in the middle, and two larler east of it i probably all Ulree between U8 anLi
'he clust.r. Map IX., Fig. 61.

9. A LOOSW CLUST&B between the lower wing and the leg ot AntlDoWl, and ]8- 8Outhw~@ot

,f Altair, on a llne from Vega Ihrough e AquIl.. ; K. A.1Ih. 08m. ll6e.; D.c. S. I" 11' 09·
A splalhy group of stara from \he 9th to the I~th magnllndel, on the easle'" margin of
\he Galaxy.

10. ASTJtU.lJl 1I1DItrL4 on the Eagle'l bacll:, aboul 1\" "est of Allair; K. A.1Ih. !lllm.
r.:i8.; Dec. N. S"M' or. A mlDule oIiject in the Mi1k7-Wa7; and in the moll pe....rful
leleaeope8, Can-shaped.

SAGITTA (TUB .ARRow.)--MAP V.

222. SA(;J'rrA is a small but old constellation between the
Fox and Goose on the north, and the Eagle on the south. 1t:s
two principal stars are of the 4th magnitude, and lie nellrlyeast
and west, about 40 apart. The next two largest stars are of tho
5th magnitude"

TELF.SCOPIC OBJECTS.

1. ~ 8.A.Grrr& -A atar with a distanlcompanlon about 8- north-northwest or Altair, ("!

a line to...ardl Vega; B. A.1Ih. 80m. 080.; Dec. N. 16" 06' 1\.. A d, pale ...hile; D ii,
IIghl blue.

2. 'SAGITT..--A neat DOUBLK MAR Just aboTe tbe Arrow, g- south by east from f1
Cygnl, and 10" north of Altair; K. A. 19h. 41m. ll3s.; Dec. N. IS" 44' S·. A 1\, oilver,
...hlle; D 9, blue. _

8. {} S"GJTI'AO-A TRIPLB SUR near the head of Ihe Arro", aboul half-"a7 from 13
Cygni 10 a D.lphinl; K. A. 2Oh. 0IIm.ll3s.; Dec. N. 20" 26' 6·. AT, psle lopal; B 9, gre7'
C S, pearl"ello".

4. A BICB OOJlPRD\SJ:D CLU~TD on the ahaft of the arrow, 10- northe..' of Alta'r
B. A. 19b. 46m. 868.; Dec. N. IS" W' I". Telescopic stara around II.

ANSER ET VULPEOULA (THE FOX AND G008l1:).-MAP V.

223. This is a modern constellation, situated between thl'
Swan on the north, and the Arrow or the Dolphin and Eagle on
the south. It is composed of some thirty stars, the la.rgest of
,,·hich is of the 3d ma.gnitude.

TELESCOPIC OBJECTIl.
1. A Itta- with a diltanl companion on the nOM. of Ke7Dard, and neck of tho Goo,.

Bjf" .....th of 13 Cygni; R. A. 19b. 22m. 081.; Dec. N. 24" 20' r".

"ft. De.cribe BagU_11s principal stan.
Tu.a;coMO OancTe.-EpIUon' Zeta' What triple ltar' OIaatol"/
.. De....rlbe Ih8 ...... "nd Go""". Ir. a"mllODonl .tars'
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~. A wmallOlllll.a lIT'" 11"" north of AItalrL bettr08n Ihe raJ: and the Arr..., In u...
...Iern edge of the Galaq; a. A. Il1h. ""'- _. iDee. N. Ill" 06' II'. A anil B both;­
'Uld both ..hlte.

S. A uaaallTLlOGLIIIOOL_ on the nl!Ck of the Goooe, and aBbutS" from ~ C7gnl; a. A.
Illh. 20m. 800.; Dec. N. 14' 4lI' 8'. T..o 7th magnitude otan In the ....t. The eluate,
has the form of a Greek D.

4. The celebrated DllJOI'''U. KDVL.l, on the 1'",,'. breaat, about 7" aoutheut of C7gni,
and nearlJ' half....,. bet....n It and the Dolphin; a. A. Il1h. lllIm. 811•. ; Dec. N. lIlI" 17' I'.
lMap lX., 1'1,. Ill,) Thla mapllIaeDt and a1ngn1ar olQoct la In a cro..ded nclni17, where
lleld alter IIeId la Tert rtob.

CHAPTER XI.

OONSTELLATION8 ON THE MERIDIAN IN SEPTEJlUR.

DELPHINUS (TBB DOLPJIIN).-MAP V.

224. THIS beautiful little cluster of 8tars is situated 13U or
14° N. E. of the Eagle. It consists of eighteen stars, including
four of the 3d magnitude, but none larger. It is easily distin­
guished from aU others, by means of the four principal stars in
the head, which are so arranged a.s to form the figure of a dia­
mond, pointing N. E. and S. W. To many, this cluster is
known by the name of Job's Coffin; but from whom, or from
what faucy, it first obtained this appellation, is not known.

225. There is another star of the 3d magnitude, situated in
the body of the Dolphin, about 3° S. W. of the Diamond, and
marked EpsiWn. The other four are marked Alpha, Beta,
Gamma, Ddta. Between these are several smaller .,tars, too
small to be seen in presence of the moon.

The mean declination of the Dolphin is about 15° N. It
l~omes to the meridiau the same moment with Deneb Cygni, and
about 50 minutt's after Altair, on the 16th of September,

,. Th.. I behold, ",""..tic 0ll(lfl.U8,
On the marge dancing of the heaTenlJ' aeo,
Arion'o friend; eighteen lh1' otar. appea......
OM tele.coplc."

Tm1llOOPW OBJBCI'lI.-Whal double otara' OlWlter' Nebula' Point out on the map.
lI24. Conotellatlono In thl. chapter' Delphlnuo' Namber aDd ollie of otar. , Ho"

Jlotl.Jgulohed' What other name has Iblo constellation' llill. Wh.", are Bpallo",
Alpha, Bet.R, O"rnma and Della r Mean decUDatltm, Ic.
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R1STOllY,

Th~ Dolpl.lc, ""cording 10 .ome mytholugi.ts, ..... m&d. & conBtell..Uon by Neptun.
oeca...e one or the.e beautiful flllhea had per,uaded the godde•• Amphit.-lte, ..ho h&d mad.
1. V(J'W of perpetual celibacy, to become the wife of that deity; but. others maintain, tha1
i!. is the dolphin which preserved the famous lyric poe~ and musician Arion, who was a
lllH.tive of Lesbos, an island i.D the Archipelago.

lIe went to Italy with Periander, ty."ant of Corinth, where he obtained immense riches
by hi. profe••lon. WI.hlng to revl.it hi. naUve country, the .&IIon or the .hlp In ..hl,h
he embarked resolved to murder him, and get possession of his wealth. Seeing them
immovable in their resolution, Arion begged p~rmi&Sion to playa tune upon his lute
~efore he .hould be put' to death. The melody of the in.trument attracted a number or
jolph,;ns around the ship; he immediately precipitated himself into the sea; wben' one
:-a( ,hem, it is auerted, carried him lafe on hil back &0 Tam.fuI, a promontory of Laco­
nia, ill PelopoDnesus; when he hastened to the court of Periander, who ordered all the
lI&iIora 10 be crueilled at their return•

.. But (pa.t belie!), a dolphin'. arched back
Preoerved Arion rrom hia deotlned wrack;
Secure be Iits. and with harmonious stl'aina
Reqoltea hia bearer ror hi. rrlendly pain•."

When the famono poel Re.lod ..... murdered In Naupactum, a city of Al:IoUa,ln Greece,
and hi. body thro..n InIO the .ea, .ome dolphin.. It ia ...id, brought back the floating
co,-pile to the ahore, wbicb was immediately recognised by hi! friends; and the assauinl
being after..ard! discovered hy the dog. or the deparled bard, ..ere put to death by
Lmmeraion In the lame 8ea.

'j'araa, laid by lome to have been the founder of Tarentum, now Tarento, In the south
of Italy, .....aved rrom .hip..reck by a dolphin; and the inhabitant. of Ihal city pre·
HrTed the memory of Urla extraordinary event on 'heir coin.

The nall1ra1 ohape of the dOlphin, ho..ever, I. not incurvated,.o thaI one might ride
apon it. back, as the poets imagined, but almost 8traight. When it il arst taken from
the ..ater, II exhlbll& a variety or ."qui.llely heautlful hut evaneacent tint. of color, that
pass in succe88ion over Its body JlDtll it diel. They are an extremely I.ifto-swimming
flllh, and are capable of living a long time ont or ....ter; In facI, theyoeem 10 delight to
c-_bol, ....d leap out or their naUTe element•

.. Upon Ihe ...elling ..ave. ~he dolphin. 1110..
Their bending back,; then ...-iftly darting go,
And in a thouoand ..reath. their bodies 1110"."

TII:LEBCOPIO OBJECTS.

I. a DBLPlIoo-A bright .tar ..ith a dl.tant telescopic companion; K. A. IOh. S2ro.
12•• ; Dec. N. 16' 21' 01". A 8~, pole ..hite; B 18, blue.

i. {3 DIW'HIIII-A dellc..te TllIPLB ST..a on the Dolphin'. body, 1~' .outh-by.....t of .t,
In a line with {3 CyIDI &od'y L,yne; R. A.IOb. 80m. 080.; Dec. N.14'09'06'. A4,
greeniah liD",; B 16, &Od 0 12, both d1.I<y.

8. Y Dm.PBIJlI-A beantiful OOUIILII .U& in the he&d, 2' e..1 of a; K. A. IOh. 89m.
Ills., Dec. N. 16' 118' 09'. A" yello.. ; B T, light emerald, ..Ith a third .tar about 2"
diatanL

•• A delicate QlfJ,D&UPLIIIR.... near t In Ihe tall; R. A. IOh. 28m. 8lls.; Dec. N. 10' 48'
OG", A T~, and B S, both ..hlte; 016, blue; D 9,yello..i.h; .evera! other am"n,Ian
In the lIeld. Hap VllI., Fig. iT.

6. A .,Uu.a&IGBT CLlJSTD, in the Dolphin', tall, 8~' .oulh or t; R. A. 20h.Hm. 210.;
Dec. N. 6' 118' 02". lu.t ea.t of a 9th magnUude .Iar-a eoane telelOoplc pair al a
di:ttaace, and several minute starlin the field.

6. A' 8mall PL.U'ftDT ".BULA, betwen the peeioral fin and the arrow head, 8- nortb­
north..e.t or a, and ."""tly on a line lo....rdB Vega Lyr.. ; R. A. llflb. 16m. lila.; Dec. N
19° 85, lie·. It II in a coarse cluater, in the center of which are IOQ• .:...~.oin.'lnru _tara.

iIlllTORV.-Account. of the origin or Delphlnno f
lr Ihe natura! shape, .l:e,?

T"LaOClOPIO OBJIIOTS.-Alph,,? Beta? Gamma?
... :J.e m~.v. Whnt "luI·,err N/lhaJlI.f

Whal ,aid or Helliod f or Tar..?

What quadruple .t.".? Pol"1 "'"
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CYGNUS (TIIB sWA~).-MAP V.

226. This remarkable conRtellation is situated in the Milky·
Way, directly E. of Lyra, and nearly on the same meridian with
the Dolphin. It is represented on outspread wings, flying down
thfl Milky-Way, toward the f,outhwest.

The principal stars which mark the wings, the body and the
bill of Cygnus, are so arranged as to form a large and regular
Groll; the upright piece lying along the :Milky-Way from N. E.
to S. W., while the crOll pita, representing the wings, crosscs
the other at right angles, from S. E. to N. W.

227. ArideLl or Dt'Mb Cygni, iu tho body of the Swan, is a
,tar of the second magnitude, 24° E. N. E. of Lyra, and 30°
directly N. of the Dolphin. It iR the most brilliant star in the
constellation. It is situated at the upper end of the cross, and
~omes to the meridian at 9 o'clock on the 16th of September.

Sad'r IB'" Blar of the 8d magnitude, S' S. W. of Deueb, Bltuated ""actly In the crOBll.
~r where the uprlghl piece IDIer..clo the cr~B& pIece, aDd IB aboutllO' E. of Lyra.

DIUa, the prlDclpal Btar In the west wing, or Arm of the crOBB, IB Bltuated N. W. of
Sad'r, at the dlBtaDce of little more thaD S', and IB of the 8d magnitude. Be"ond Della,
toward the extremity of the wing, are two ImalleT stan about~· apart, and inclininll' a
little obltquely to the north; the ).It of which reache8 neart,. to the first coil of Draco.
TheBe stars mark the welt wing i the ealt wing may be traced bJ means of stars veJ'7­
.Imllarly BltDated.
~<J1J. IB a Btar of the 8d magnitude, In the elUll wing, JUBt as far eaBt of &d'r In the

center of the cro.l, &I Delta 18 welt of it. 'l'hll roW' Of three equal slan, Delta, Sad'r
and Glenah, form the bar of the crole, and are equi-distant from each other, being about:
8- apart. Beyend GteoBh on the ea8t, at the distance of 6" or 7" there are two other
Blars of the 8d magnitude; IbelaBt of which marltB the extremity of the eaBlern wing.

The stars in t.he neck are all too small to be noticed. There 111 one, however, in thE'
beak of the Swan, at the foot of the crou, called ..Albir«J, which is of the 3d magnitUde,
Rnd can be leeD vel7 plainly. It is about 16- S. W. of Sad'r, and about the same dis­
tBnl"e 8. E. of Lyra, with which It make! neaTly a right anile.

U In the sma1l8pace between Sad'r and Albireo," say. Dr. Herschel, Uthe stan in th(
~·.ilky.Wa, Beem to be clOBterlng Inlo two separate dlvlBlol1l; eacb dlvlalon coDtaiDia,
loore than""" llUftdrfld and 1Witv-.fIH tllowafld Bt6r,."

Albireo bearB northerl" from Altair, about 1lO·. immediate!" BOUth and BOQlheast of
Albireo, may be Been the rox aud GoomI; and aboul midway be!Ween Alblreo andAIt&lr,
tll~re maT be traced & llnc-of four or five mlDute elan, called the AaaOW'i the head of
"i.;ch IB on the 8. W., and can be dlJltingulBhed b, meanl of t..o Btan Bltoated c100e
to~ether.

228. Aecording to the British catalogne, this constellation
contains eighty-one stars, including one of the 1st or 2d magni.
tude, six of the 3d, and twelve of the 4th. The author of the
following beautiful lines says there are one hundred and seven.

u Thee, IUver Swan, who, ellent, can o'erpu.'
A "wrulrod with ,..,.... radiaut Btano compoBe
TIlT graceful form: amid the lucid Itream

------_._--_._-----------
ftS. SltnalloD of Cygnus' How repreBented' Figure made by· ItB principal Btan I

I1j1 position' 227. Which IB the brlghteBt of 110 Btars' neBcribe Sad'r, u"lla, Gienah,
Alblreo. Bemart of Dr. HerBchel' 228. NDlDber of starB ID CygnuB' V,uiahl.
'!hrB' 1Ifhal V1l th07 Bupposed 10 IDdlca~' .
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Of the IlLIr MDky-Way dl.tlngul.·.ed: 0lWI
Allornl the HC01Kl order, where she cute
The wavea that foUaw in her utmoet track;
This never hides its fire throughout the night,
And of the rest, the more conspicuous mark
Her IDowl pinioD. and refuI«eut neck."-.&1Idolla, b.. 1.,..

A.tronomer. haYe dl.covered Ihr_. fJanablt< .tsro In the Swan. Chi, .'tuat.d In tbe
r~eck~ be:tween Beta and Sad'r twas firs1 observed to vary itt brightness in IdS6. It'l perlp

odicaJ dmngel of IiKht Rre now .flcertaIDt.'d to be completed In -406 days. Sad'r is .lso
r.hungeuble. Its grealelt IUlller i~ .eomewhat tess thaD that of a stnr Qr the Id magnitude,
and it gradually diminilShes till it reaches that of the 6th. Itl changes are far from being
rt'gular, and, from pretJent ob8ervatioD8, they do not seem to recur till after a period of
ten yea... or more.

A tllird variable .tsr "a. dl.cov.red in the h.ad OD the 20th of Jun., 1670,b7 .lnth.lme.
It appelLred then to be of the 8d magnitude, hut was 80 far diminltbed In the foUowing
Octo~r, &8 to be scarcely vilible. In the beginning of April, 1671, it was again .teeD, and
wa. rathrr brlght.r tban at lint. After IOveral cbange., It dlsappear.d In March, 1671
and has 1'0t been observed linee.

Th... ,.markabl. fact! .<:em to Indicate, that tb.re I. a brUlianl planetsl'7l171lem 10
&his co.r...atellaUOD, which, in lOme of ita revolution., become. viaible to UI.

HISTORY.

Hrthologllu giv. varlou. accouDU of the orlgin of thlll coo.tel1atloD. Ilome lappa..
It Is urpheus, the celebrated musician, who, on being murdered by the cruel prlelteu of
Ba.cchus, was changed into 8 Swan, and placed near hlB Harp in the beaveD8. Otbtn
IDppooe Ill. the ."an Into which Jupiter tran.rormed blm..lf ..hen b. d"".lved Ltda,
Wife of TrndarWl, king of Sparta. 80me afllrm that it was Cyenolt • BOn of Nep~e,
who W.I 10 completely invulnerable that neither the Javelina nor arro..., Dar eveD the
blow. of AcbiU••, In fUrIous oombat, could make &117 ImpreuloD.

.. HeadloDg be I.ap. from olf hi. lofty car,
And in close fight on Coot renews the war j­
But on his flesh Dor wound nor blood il seen,
The .word ltoelf I. blunted on the .kin."

Bulwh.n Achill...." that hi. dam and blow. had no ell'ect on him, It, Immedlat.ly
IIIr.", blm on thc ground and .moth.red him. Whll. h...u attemptlDg to d.lpoll bl.
of hili armor, b. wa••uddeDly cbang.d Into a .wan•

.. With eager hute be ..ent to .trlp th, dead;
Th. vanhh.d body from hi. arm. wa. lI.d.
Htl sea.god lire, to Immortalise hts ftLme,
Had turn.d It to a bIni that bean hi. nam....

Aooording to Ovid, thi. con.tellatlon took Its name from Cycnu., a relalive of Pbuton,
who deeply lamented the DDtimely fat. of that youtb, and tbe melancbo171Dd "' bIa
8i~ten, who, standing around hi. tomb, wept themselvea into popla.n•

.. Cyonu. beheld the n;rmph. tran.formed, a111.d
To their dead brother on the mortal lide,
In friendship and aft"ection nearer bound;
Be left the cUiel, and the realms he owned,
Through pathle•• lIeld., and lonely .bore. to raDge ;
And wood. made thicker b7 the .I.t.r.' cbaDgo :
While ber., within the df.mal gloom alon.,
The melancholy monarch made hll mO&D ;
His voice w&! lessened al he tried to speak,
And issued throu«h a long-extended neck:
Hi. hair transforms to down, his fingerl mee'
In skinny films, and shape hlB oary feet;
from both hi. o!d.. the wing. and f.ath.n break:
And from his mouth proceeds a blunted beak;
All Cyonu. DOW Into a .wan ",a. turned."-oncr. Md. b. II.

BI8I'ORT.-VarioUi aocount.' 8to1'7 of Cycuua and Acbillil'. Ovid'. a......... ' YiI'
Ill', rWlar" rl.pecliDIlIhI Ilwan ,
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__U Sbe, like the llwan

Explrln" die. In m.lody."-AIIrcllI/Iuc.
" 80 on the .Uyer 8tream, when death is nigh,

Til. lDOlUDi'ul I ..an linpltl o..n .leu."-QWd'1~

Tlrvil, :m.o,. doe 10th book of bill JID.Id, aUudu to the .._ fBb",:-

.. I'or C7cnllll lo"ed unhapp;r l'baewn,
And .ung hi. Iou In poplar ..A..... alan.
lleneatb the .I.ter .bad.. la _he hlo pi.f;
Ue....en beard bll lOng, aod ha.ten'd bll r.1Ief
And cbaoFd la .now;r plum... hll hoar;r balr,
Aold wlng'd blllllgbt la .Ing a10U In air."

Of all th. l'1!ath.red rac., there 10 00 bini, perhaps, ..hlch mat.. 10 beautlfDI anJ
IIlltJalolc an appearance AI the,Bwan. Alma.&. every poet of emlneoce has taken notice
uf It. The ...an bal, probabl;r, In aU ......, and In ner;r countr;r where talte and .'e­
poce have been cultivated, be.n conoidered .. the emblem of \><>Otlcal dignil;r, purity,
and ea... B;r the aucoleola It .... conoecrated to Apollo and the 11_.; they allO enter·
talned a notion thot tht. bird for. laid Ito 0'" .nd, and .an, mor••w••tJ;r at thc
approacb of death.

TBLICSCOPIO OBJECTS.

1. a OroK' (~}-A bn,ht .tar on the hck of tbe Swan, wltb a tel..coplc co...
panlon; R. A. lIOh. lIllm. 1l11.; Dec. N...' oW' 01'. AI, brilliant wbite; B 1~~, pal. blu••

~. (.! OTaKI (AlW...,,}-A br1rlll DOlllILII .....a 00 tbe bill of the IIgore; R. A. lIIh. !14m.
1110.; Dec. N. ~1' 81' 01'. Aboot 18Jt' BOUth-loutbe...t of Vega. A 8, top... yello.. ; B 1,
lappblre blue; tbe'colore In brilliant contr..1. A!lne olllect, and the IIret double ltar
e....r ..en by the pr...nt editor.

a. II OToKI-A malt d.lIcate OOllllLII a In the middl. of the leU wlDg, 14' ....t of a
Oygnl; R. A. 19h. 89m. ll8I.; Dec. N ' ..' 06'. A 8lt, pal. ;rello.. ; B 9, .ea ,reeo.
Ano,h.r beautiful olU.ct.

4. ( OToBI-A ltar ..\th a dl.tant companion, on the tip of the nght wing; R. A. 1I1h.
0610. 01•. ; Dec. N. lllI' 114' 06·. A 8, pale ;r••low; B 10, .t;r blu.; th. lIeld ricb In
ImaLi.lltara.

Il. A. OrollI-A cl... DOVBL. 11'1'£8 In th. ngbt or lo...r wing, wltb a dl.tant companion;
R. A. ~h. 4110. 11•• ; D.c. N. 8ll' M' OS'. A ll, B 10, and 0 6, all blullb.

6. P. OroKI-A beautlfDIooUBLII ......., ..llh a di.tant companion, on the ver;r tip of the
right wing; R. A. ~lh. Um. lllI•. ; D.c. N.lI8' 01' 04'. A 6, white; Be, and 0 1~.

twth blue.
T. A B....... II'1'U (61 0lgnl}-tbe mo.t remarkable koown In tbe b••".n.. It I. 11Im·

ated on the lon.r tip of the right ..log of Cygnl, Tlf' loulh.by·ea.t of Deneb, and oe..11'
...t ofVop; R. A. ~h. C>9m. 48•. ; Dec. N. Bl'llS' 0". A lilt. and B 6, both ;rellow, but
the latt.r of tb. d•••t tint. J'rom the great rapidity of It. proper motion, tbis .tar is
regarded &1 ODe of the nearest to our system. It aJ'fonl, a lJosl"v~ instance of a double
Itar whieh, besides the individuals revolvlng round each other, or about their commOD
center of gravity, hal a progressIve uniform motion to....ard. some detemUoa&e region. Iti.
luppo.ed to be not leI. than 4Hl,OOO time. the diameter of the earth'. orbit from us; or
88,110,000,000,000 mUel dlslBnt; and to be moving throngb space 60,000 tim.. u fut ..
Mercury-the ...;n..t bod, kno..n to our .y.tem. The penod of 61 O:rgnl u a blnar;r
.;r.tom, I. about'110 y.ars. Par orbit, ......e lIIap YilI., PIg. IS, and IV.

S. A lin. IlOUBLR .ru on the tip of the loU ..lng, 10' northw••t of a O:rgnl, and witbin
1" of Ii; K. A. 19b. 81m. 1140.; Dec. N. 110' 09' .". A 6~ and B 1, both pal. fawn color.

9. A "W. Qu.t.naUPLIIll'1'u In a neh 1I.ld, on the Sw.n'. left thlgb, abont S' ....1 hI
north of DeDeb; R. A. lIOh. OSm. 8lIo.; Dec. N. 46' Iii' 6". A 4, or&DIe; B 16, livid; C 1~,
.od D Illt, both cerul.an blne. Not the ell'oct of contra.t.

10. A BlUr .,ULL CLUBraBln the root of the n.ck, about Z" .onth of y; R. A. 20h. ISm.
tTa.; Joc. N. 81' IlV' V'. AS, ycllow; B 11, dusk;r.

11.... LOOU BPUSHt' CLUSTBR In a rlcb vlclnll" bet..een th. S..an's tall and tbe Lizard,
:I... loutb of {3 Oepbel, and •••I·nortb....' of Deneb; B. A. lIlb. 26m. lIh.; Dec. N. 41'
11\' S'.

TIlL.coPIC OBnIc'nl.-AJph.? Beta' Delta' Zeta' Lambda' Mu' Wbat cel~
brated blnar;r .lBr' Rewarks re.pectlng' Period' Point out on th. ma1". Wha'
other double .tar' Quadl"1ple' What cluslen' Nebul/\'



CAl'RICORNlTl. 1"'­<.,

U How Typhon, from the conquer'd IIkies, pursued
Their ronted godheads to the leven·month'd 6.00d :

lli. A ....... BIlIOU..... 1I1U1lJL.l on the tip of the n"rth.... wfDr, abGut Ii"" north 01
,I: R. A. 111h. 4Om. 859.; Dec. N. 1iO" OT' S". Seen to be nebulo... 9nl" with good inltru­
men18. Several teleacopic atar> in the lIeld. The Henchela conoldered thll u a oon
~eclinK lmk between planetar" nebula and nebnloul ltaro.

CAPRICORNUS (THE GOAT).-YAP V.

229. This is the tenth sign, and eleventh constellation, in the
:ll'der of the Zodiac, and is situated south of the Dolphin, and
Ill.'xt east of Sagittarius, Its mean declination is 20° south, and
its mean right ascension 310°, It is therefore on the meridian
about the 18th of September. It is to be observed that the
first point of tl'e sign Capricorn, fUJt tht. wnsttllalitm, marks the
southern tropic, ;)r winter solstice. 'The sun, therefore, arrives
at this poiut of its orbit the 21st of December, but does not
reach the comtello.titm Capricorn until the 16th of January.

The lun, having now attaIned 118 utm""t decUnaliou BOntb, after remaining a few UT"
apparentl" ltalionar;r, beginI once more to retrace 118 pro~_ northwardl", all'ordlngto
the wintr" latltudel of the north a gralefnl preage of returnIng 8prIng.

At the period of the winter 10lBtice, the lun II vertic:>! to the tropic of Capricorn, and
the 8011tbern bemllphere enjO;YI the .ame ligbt and hel't which the northeru hemllpbere
enjo,,"on the nIt or June, ..ben the lUll II vertical to tbe tropic of Cancer, It II, at
&hi. period, mid·day at the BOUth pole, and mldnigbt at the north pole.

230. The whole number of stars in this constdlation is fifty­
one; none of which are very conspicuons. The three largest
are only of the 3d magnitude. There is an equal number of
the 4th,

The head of Capricorn may be recognized by means of twu
tltars of the ·3d magnitude, situated a little more than 2° apart,
called (JUdi and Dahill. They are 28° from the Dolphin, in a
southerly direction.

(JUdi II the moat northerll Itar of the t..o, and II double. If a line be drawn from
L"ra tbrough Altair, and produced abollt 23" farther, 1& will point out the bead of Capri.
eorD. TheBe '....0 .tarB come to tbe meridian the 9th of September, a feW'mloQtea after
Sad'r, In C"gnWl, A few other ltan of inferior DOle mar be traced oot bT ref.rence to
the maps.

"the ri(/18 of lhe Goal ..al called b" the ancient orientallill the .. Southern gale of the
8W1 t " as Cancer ....as denominated the U Northern gate." Tlao ten .tars in the riqn
Capricorn, known to the ancientl by the Dame of the "To.erof Gad," are probably DOW
Lo. 'he constellation Aquarh18.

HISTORY.
CapriCOrDWI II .ald to be Pan, or BacchUB, ..ho, ..Ith lome olher demeo, were feuling

near th~ bankl of tbe Nile, ..hen .uddenl" tbe dreadful glanl Tnbon came upon them,
and compelled them aU to a..urne a dill'erent Ihape,in onler to eocape hli fnr;y. Ovid
relates,

229. POlltlon of CapricorDu!! When doel lhe BUD enter It, What laid of hll place
and motion at that time' or lbe winter aol.tice' lI8O. Nl1D1ber of Itarl in Capri­
corn' Their m~gnillldel' How recognlle th. llgure' What aid of Gled!' Anel""t
name of thil liF ,
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Porced ever;r goJ (hll fur;r to eocape),
Bam. be.IUy form to take, Dr earthly Ibay·
Jove (lingo the b....d) wa. changed Into a ram,
From whence the horn. of Libyan An.lllon came;
Bacdul8 a gam,. Apollo WaJ a crow i
Phlollbe & cat; the wife of Jove a cow,
Whale hue was whiter than the falling IDOW i
Mercur1 to • nasty Ibis turned-
'Vhile Venus from a fish protection Crayel,
And once more plunges in ber nat!ye waTel."

On thll ooc&llon It II further related that IlacchDl, or Pan, led the WII;r a"d plullged
into the Nile, and that the part of his body which Will nnder the water Buumed the rorlJl
of .. Il8h, aod the other part that of a goat; aDd that to preaerve the memory of thlll
frolic, Jupiter made hila Into a constellation, In his metamorphos~d .halle.

Some lay that thl. conltell.t1oD W&8 the goat Amalt.hea, who 8upporled the lofan
Jupiter witl. her milk. To reward her klndneu, the f..ther or the godl placed her ."non~

th~ conltella.tlons, Bnd gave ODe of her hornl to the nymphl who bad taken care of him
ID bill Infantile ;rea... Thll gin wal ever aRer caUed the 110,.,.o/~; .. IL _sled
the vlnue of Iml'artlnll' 10 the holder whatever Ihe dellred. On thll ..ccount the LatIP
term Oorraucopia, de"oLel plent;r, or abundance of JOOd &hlolJl. The word Amalthea,
when Uled figuratIvely, hall allo the lame meanlor.

The real len.., of ,nil rabie, dlveiLed of poe,lcal embeJIIlbment, appean to be thill;
t~at in Crete, sOlDe s&yln LIbya, there was a small territor, Rhaped '1ery much like r
bullock's borD, and exceedlngl;r fertile, wblch the klnll' prelented 10 hill daugbter Amal­
thea, wbom the poet! feigned to have been Jnpiter's nune.

.. The bounteoDi Pan," al he tl sLyled b;r MilLon, W&I the sod of rural lCener;r,lbop­
berd., and buntamen. Virgil tbDl addrellel blm :-

"ADd thou, the Ihepherd's tutelar;r sod,
Leave, for a whUe, 0 Pan I th;r loved abode."

The name of Pan II derived trom a Greek word Ilpl1f:r\nll all tMng.; and he wal oftu
rOIl~idered al the Il"eat principle of vegetable and .nlmal life. He resided chle6.y In
Arcadia, in woods Rnd the most rUlged mountains. As Pan Dsual1y &errlfled the inhabi­
tan ts of the a«Uf\cent country, even when he _SI nowhere to be leen, that kind of fear
whlcb orten sell's men, and wblch II onl;r Ideal or lmaglnar;r, b&l received trom him the
name of Pr14rMJ.

Pales, the fe"",le delt;r correlpondlng to Pan, W&l the Iodd_ or Ibeepfoldl and of
paltor.. among the Komans. TbUi Virgil :-

16 Now, sacred Pales, In a 10ft, Itraln
1 ling the rural bonors of th;r rell!'- •

The Ibepberdl oll"ered to this godde.. milk and honey, to gain ber protection over tbeir
ftOCkL She II represented a8 an old ....oman, and was wonhlped with rreat 80lemnity
at Rome. Her festivals, which were called PulUia, ....ere celtalrated 00 the 10th of April"
'he da;r on wblch Komuluslald the foundaUol18 of the clt;r.

TELESOOPIO OBJECTS.

1. a OA.RICOBlll-A Ql7IlI'rUPLR STU in the rlgbt horn; K. A. llOb. oem. 10. ; Doc. 8. 111"'
112'1". A8,pale;rellow; B(oral)4,yellow; 016,blue; DlI,ub-eolored;JClIlf,lIlac
tinge. Few telelOopel will reveal all these componentl.

2. {3 OualcoBKI-A wide PAtR or STAas In the right born, 2311· louth-half-eut of a;
R. A. 20h. 12m. 011.; Dec. 8. 1~· 16'11". A 8)f, orange yellow; B 7, sk;r blue. Other
Imalllt&I". In the 6eld. It requires, a powerful tnltrument, and the mOlt (a"orable cir­
eumstaDcel to detect the minute star II. (See )lap Vlll., Fig. 20.)

8. A GLOBULAR CLUBTItR between Aquarlull and tbe neck of Capricorn, U" due eut of
a Caprlcornt, about ~- from a 6th magnitude star; R" A. 20h. 44m. 891.; Dec. 8. US- or
'-. Many ltars in the field, t....o of which are close to the cluster, or the east.. Map 1X.~

'lg.68,
-_.- ---------------

RtSTORT,-Who wal OaprlcornuB t What proof cited t What further' What other
lIlyth' aleanlng of tbill fable' What laid of Pales' .

TRLIll!OOPIC OIUIIOl'IL-Alpba' Beta' Polot onIon the mar' What clUlten' Wb_
-mu",n on the map'
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.. A 8ne Pua W1I1TK CLUITU, abO.,. to" weat-northweat of J'omalb ,at; JL A. te..
'11m. 18.. ; Dec. 8. lIS' 62' 4" A bright object, wltb Itragg\iag Itreama 01 atan, lUll! but
hlw oaWen In the 8eld. Seea wltb lmall InatrumentL Map IX.,.". M.

CHAPTER XII.

CONSTELLATIONS ON THE XBlUDIAN IN OCTOBER.

PEGASUS (THB J'LYING nORsB).-YAP II.

231. THIS constellation is represented in an inverted posture,
with wings. It occupies a Jar,ge space in the heavens, between
the Swan, the Dolphin and the Eagle, on the west, and the Nor­
thern Fish and Andromeda, on the east. Its mean right Mcen­
sion is 340°, or it is sitnated 20° W. of the pri~ meridian. It
extends from the equinoctial N. 35°. Its mean length E. and
W. is abont 40°, a.nd it is six weeks in passing our meridian,
viz" from the 1st of October to the 10th of November.

232. We see but a part of Pegasus, the rest of the auimal
being, as the poets imagined, hid in the clouds. It is readily
distinguished from all other constellations by means of four
remarkable stars, about 15° apart, forming the figure of a square
called the Squ,Q.re of Pegasus.

The two western Itan In thla square come to the meridian about the lI8d of October,
and are 18' apart. The nortbero one, which 10 the brlghtelt of three triangular Itan
In the martingale, II of the 2d magnitude, and iI called 8cAMlt. Ito declination 1126%'.
Xari:ab, allO, of the 2d magnitude, Iituated In tbe bead of the wing, Ia 18' S. of Seheat,
anrl panel the meridian 11 minutes after it.

The two ltan which form the eutero Iide of the Iquare, come to tile meridian about
an hour after those In the weltern. The northern one hu already been described ..
.AlpMraltl in the bead of Andromeda, but It allo belonll" to thla conlteUation, and 1114'
E. Seheat. 14' S. of Alpherata, 18 Algen0, the lut ltar In the wlng,lltuated lS~' E. 01
Mark&!>.

233. Alpenib in Pegasus, Alpht:ratz in Andromeda, and Gap!l
ID Cassiopeia are situated on the prime meridian, and point out
its direction through the pole. For this reason they are some­
times called the th.ree guides. They form an arc of that great
circle in the heavens from which the distances of all the heavenly
bodies are measured.

231. Whnt conltellatlonl In thll chapter' Describe Pegalnl, Ito Ilze, po"ition,.t"
282, Do we lee the whole of the fl,ure' How .. it diltingulshed r What said or Scheal
lUld Marbb' Of Alpherala and Algenib' \lS.~. Remark r,"pectlng Algenib, Alpb....
rala aDd Caph' What 80metlmel caUed, lind why r They form what? Jlem.rk"
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It wlUI ""' of the equlnocllal :oJure ..hleh pa.... through the vernal eqDfnox, """
eblch tbe IUD crOl8e. about the 'lit of March. It Is, in astronomy, wbat the meriJiau
of Gref'nw1ch il In gt:ography. It the lun, or a planet, or a Itar, be laid to bave 80 m:my
d~eetl or right Blt'enlJoD, it meant that the IUD or planet has aMJMId6d 10 man,. degreel
from this prime meruJidD.

Enif, aometimel called EUir, i. a ltar of the 3d magnitude in the nose of PegIUWI,
aboullO' W. 8. W. or Markah, and half-..&;!, belween II Bnd Ihe llolphln_ About half of
Lhe dlltance from Markab to..ard ~I!, but a IItUe to the S., there Ie a ltar or the 3d mag­
oltude .Ituated In thl neck, whOle _ name 10 Zrla. The loooe cluoter dlrectly 8. Of
Ihe line Joining Enlr and Zeta, rorm. the head or Pegaluo.

In thl. con.tellation there are elghly-nlne 01..... Ti.lble 10 the naked eye, or ..hIr.h II"•
..e of the oecond mBgnitude and thr.. of the lilird.

HISTORY,

Thlo, according to rable, II tbe ee1ebraled horee ..hlch oprnng from the blood of lIedu",
after Perseus had cut ofJ' her bead. He received hi. name according to He.iod, from bil
being born near the .oure.. (1r7lY7I, Pege) of Ihe ocean. According to OvId, he bed hiB
reoldeuce on Mouut Helicon, ..here, by otrlking the earth 'II'Ith hlo fOClt, be raie<'d the
fabled ro""taln called H1ppocrene. He became the favorite of Mle 1IIu••o; and being
tamed b, Neptune or Minerva, he was given to Beneropbon, 80n of GlaucuI, king of
Kphyre, to aid him in conquering the Chillllera, a hideous monster that continuall,. Tom..
ited damee. Thll moolter had three head., tbat 0' a liOD, a goat, Rnd a dragon. The
fore parI. of Ito body ..ere tho.e of a lion, tbe middle tho.. of a goat, and the bin ler
thOle or the dra«on. 11 liyed In Lycia, of ..hlch the top, on aceount of ibdellGlate 1JD­
derne., was the relon of lions, the middle, which was fruitful, WSI covered with roaw,
and at the boltom, Ihe marsby IIrouud abounded "ith oerpento. JleUerophon ..as the
tlnt who made hia habitation upon iL

Plularch thlnko the Chlm",ra wa. the captain of .ome pirate ..ho adorned their ship
"Ith the images of a )lon, a goat, and a dragon.

After Ihe deltruction or thlo monoter, BeUerophon attempted to fly up to heaven upon
Pegasus; but Jupiter was 10 displealed at this prelumptlon, that be lent an luaee" to
'ling the borse, ..hlch occallon.d the melancholy rail or hlo rider. JleUerophon feU to
the earth, and Pegaoul continued his flight up to beaven, and .... placed by Jupltu
"won, the conatellatiuns.

"Nolr heav'D hlo rurtber ..and'rlng IlIght confln..,
Where, IIPleodid 'll'ltIl hIo nwn'rouo etan, be ohInea."

Oftd'11asK.

TELG!COPIO OBJECTS.

1. II PlIO....., (Markab}-A otar 'II'llh a dlotant compauloD, at the Junetiou of the 'll'ing
and .houlder, 18" oouth or Scheal; R. A. 2"lh. C>6m. 41.. ; De•. N. 14' 10' OS". A. 9, ..hite;
B 11, pBle grey.

2. {3 PlIO....., (SchIlUI}-A brlghl olBr with a minute dlolant companion, on the len ror...
lell; R. A. 22h. Mm. 010.; Dec. N. 21" 18' 0·. A 2, deep yeUo.. ; B Ill, blue; ..ith t ..
:»ther stan in the field.

8. Y PEO.uu (.4lgem"b}-A otar ..Ith a dlolant companion, on the edge or the 'II'intr;
R. A. Oh. o:lm. 08.; Dec. N. 14' 11' 01". A 21l1, yeUo.. ; B 18, pale blue.

4.• PEGAI' (Eni~A otar 'II'Ith two diotanl companion.. In the nooe of the figure;
R. A: 21h. 86m. 190.; Dec. N. 9" OS' 01". A 2~, yello.. ; B 14, blu.; 0 9, Tiolet; and a
't.h magnitude star of & violt t tinge, at a distance east.

II. t; PI<O.uu-A otar ..llh a minute companion in the middle or th. neck; It. A. 2llh. o.;u••
!90.; Dec. N.9'09·1I". AlinerromAlpl:erat.overlIIorkab,and camedl" further, will
reach t;. A8, light yeUo.. ; B 18, duoky; 'II'lth other otaroln the field.

6. A DOU.... SUB bet....n the· bead of Pegasuo and the hind lego of the I'ox; or ..boul
lOlli' oouth by east of t; Cygnl; It. A. 21h. 14m. 411.; Dec. N. 19" 01' 4". A." pale orange,
and conoidered· variable; B 9, purplleh.

----------------
reopectlng the prime meridian? What oaid or Enlt? or Zeta? Of th. Jwad of Pegasul
NUDlber of stars in the cODstellatioD, and their magnitudes r

H18TOEY.-Story of hio origin and name? Reoldence, "'•• ? He.. he eame amonll th•
•tars P

T....MCOPlO OasacTll.-Alpha ? Beta? Gamma t !':pono" t Zeta t What doubl. otan'
What clu.ter r Point out 'H1 the map. What n.bula?



r. A. OLOJlOLU cx;mrr.. belween the moulhl of PeguUJI and EqilleuI, abont~' north·
N.lIof e; R. A. 2111. 22L~. Ills.; Dec. N. 11' 27' 4'. Map IX., Fig. 6.'i. It II laid uo"n a_
:l nebula on Map II., but wUh a good instrument it II resolved into stat.rs, with ItranUn¥
:>o.Uiers, &1 shown in the diagram.

8. An KLQliQ.l.TBn }(.BUL.l tn the -animal's mane, about 3- due south of Marub; B. A..
tIlb.llIm. M•. ; Dec. N. 11' 27' g.. A nry faint and 11.l1l.cult object.

EQULEUS, VEL EQUI SECnO (THE LITTLE HORSE, OR TH.
HORSX'S HEAD).-MAP II.

234. This Asterism, or small cluster of stars, is situated about
7° W. of Enif, in the hrad of Pegasus, and about half-way
between it and the Dolphin. It is on the meridian at 8 o'clock,
on the 11th of October. It contains ten stars, of which the
four principal are only of the 4th magnitude. These may be
readily distinguished by means of the long irregular 1'lquare

_which they form. The two in the nose are mnch llEJarer together
thall the two in the eyes: the former being 1° a.part, and the
latter 2to. Those in the nose are uppermost, being 4° N. of
those in the eyes. This figure also is in an i'tverted position,
Tnese four stars are sitnated 10° or 12° S, E. of the diamond
in the Dolphin's head. Both of these clusters are noticeable on
account of their fignre rather than their brilliancy.

HISTORY.

Thll con_u.Uat!on II"uPpo"ed to be the brother of PerUUJI, :lamed OolmV, ginn by Mer­
CD.ry to Castor, who wa~ 10 celebrated for bis skill in the management of hOrles i othe"
take him to be Ihe celebrated hone which Neptune _truck oul of the earth with hla trl·
dent, when he disputed with MinervR. for superiority. The bead only or Ce1eril g
vlllble, and this, also, is represented in an Inverted position.

TELESCOPIO OBJECTS.

rour of Ihe principal 11&1'11 In thll lillie gronp are doubl&-namely, f!J <5, l and A.. f3
10 rather a Btar wllh a companion; R. A. 21h. 14m. 671.; Dec. N. S' tTl' g'. The othu
three will eaalJy be found from their proxImity to 8.

AQUARIUS (THE lYATER-BEARER).-MAP II.

235. This constellation is represented by the fignre of a
molU pouring out water from an urn. It is situated in the Zodiac,
immediately S. of the eqninoctial, and bounded by the Little

23i. Situation of Eqilleus? When on the meridian? Nwuber or .tan, and how dl6
Ilnll\li.lled? What further delcrlption?

IIldTOaY.-WhatBuPPolilionl re.pectlng the origin of Eqilleu.?
T"'....""".IC OUJ.c.....-Whnl double atar_? How found?
".fV\. l-io'Vt"" I. ~"'qua.rlu~ represented' Ita bowldaries'

6*



ASTltO!SU)t 1'.

Herse, Pegasns, and the Western Fi~h on the N., the Whale /l'1

the K, the Southern Fish on the S. and the Goat on the W.
236. Aquarius is now the 12th in order, or last of the

Zodiacal constellations j and is the name of the 11th rign in the
ecliptic. Its mean declination is 14° S., and its mean right
ascensiou 335°, or 22 hours, 20 min. j it being 1 hour and 40
min. W. of the equiuoctial colure j its center is, therefore, on
the meridian the 15th of October. .

I t contains one hundred and eight stars j of which the four
largest are all of the 3d magnitude.

" Hlii head, hi. Ihoulder., and his lucid breast.,
GllJiten with stars; and where hiB urn IncliDeII,
Rln.. or IIgM brighten the ...atery lr""t."

237. The northeastern limit of Aquarins may be readily dis­
tinguished by means of four stars of the 4th magnitude, in the
hand and handle of the urn, so placed as to form the letter Y,
very plainly to be seen, 15° S.. E. of EniJ, or 18° S. S. W. of
Markab, in Pegasns j making with the two latter nearly a right
angle.

Aboul 'If' W. of lhp llgure I. El N.uJc, • llar of the 8d magnllude, In the II. Ihoulder,
and the principal one In lhl. conlleUalion. 10" S. W. or El M.lik, ill adother llar or thp
lame magnllude, Illuated In lhe W. Ihoulder, called Sad ... &,00.

.dnclla, of lhe 'lh m&gl1llude, II In the rlghlilde, S' S. or El Mellk. U' E. or Ancha, i.
another .tar of the 4th magnitude, whose letter Dame is Lambda.&lua'. or the 3d malll1llude,l)1ngbelo... the knee, II litualed SIf' S. of Lambda; and
14·- 8. of Scbeat, the brilliaDt Itar Fomalhaut, or between the lit and 2d magnitudes, 4er..
minatel the c&8C8de in the mouth of the Southern Fish. Thtl atar Is common to both
thee CODatenations, and II one of thOle from which the lunar distance 18 computed for
'UJcertal:J.lng the longitUde at IeL It culminates at 9 o'clock on Ute tid of October.

Fomalhaut, Deneh Kaitol, and Alpha in the head of the Pbamfx, make a large triangle,
whOle vertex u In Deneb Kaiwi. Those two atarll of the fourth magnitude, situated ,,­
8. uf Sad es Saud, and nearly the Ilk-me distance from Aneha, are In the taU of Capricorn.
Te.yare about 2' aparl. The ..... tem one ill called Dffl.b .dlq.di.
~be rest of tlle stars In the cascade are quite small j they may be traced from the

tetter Y, in the urn, In a loutheasterly direction toward the tail or Cetu., from which the
cascade suddenly bends olf neRr 8cheat, in aD opposite course, and flnally dilNlppean in
lhe mouth of lhe Southern rl.h, 30' S. or Y.

HISTORY.

Thla conllellatlon II Ihe famoUl Ganymede, a beautlful youth of Phrygla, IOn of Tros,
kln~ of Troy, or, according to Lucian, Ion of DardanuR. He was taken up to heaven by
Jupiter a8 he waa tending biB father'. flocks on Mount Ida, Rod became the cup-bearer
or the gods in place of Hebe. There are varioul opinion" however, among the anclenu
re.peeting ftl origin. Some suppose it represents Deucallon, who W&8 plact'd a.mong the
stars after the celebrated delug~ of Thessaly, 1600 yean before the hirth of our Saviour;
while. others think it designed to commemorate Cecrops, who cam~ from Egypt &0 Greece,
fmneled Athens, established Mcience, and IntroJuced the arts of polished life.

The ancient Egyptians supposed the setting or dilappearance of AqU'lrlu8 caused the
Nile to rise, by the sinking o! his un) In the water. In the Zodlac of t.he lIebre".,
A1Ul\!·lul repreients the trib~ of Reuben.

---_.
II order In Ihe .ignl and constellatlonl? Number and II.. or Ita llaMl? 281. Ho...

Ji.tlncuillh the northeaot limit I What laid or El Mellk' Of Sad el Saud' or An~ll.,

Lambda, Scheat, &:c.
H"T'RY.~tory of l}anym.de, aDd Jupiter' Whal other myth' Idea of lhe EtlY1'

thin, r Heb...... Zodiac?



PISCES AUSTR.4 LIS.

TELESCOPIC OBJECTS.

1. a Jl.tr",:tl.aaII (Phart.f'r-A ltar with a mtnute companion aD the Water~bearer'. len
,;!loulder; II A.21h.5Tm.ss..; nee. S.l" I)/;' OT'. A 8, pale yellow; B 18, grey; and
.~not-her star ill the field on a line with A a.nd B. Markab is on a line Jolnin, Alpb('"ratli
and Pharo, and about half way between them.

2. i3 AQUABU (&ul.al-meUk}-A .tar with a companion on the right shoulder; R. A.
~~h. 28m. OT•• ; nee. N. 6" 16' 04'. A 8, pale yellow; B 15, blue. A very dellcale olUect.

8. y AQuA-Ru-A delicate but wide DOUBLB STAll, on the water...pot i IL A. 22h. 11lll.
l!ll•. ; nee. s. 2" 11' 00'. A 4, greenlllh tinge; B 14, purple. II l8 about '" e&8l-bY'8C'uth
(rom Sad...al ...mellk..

4. , AQUABlI-A BUUBV "UB In the len wrl.t, .bout 6" eaR from lladalmeJlk; R. A.
22h. 20m. 858.; nee. S. 0" /)0' 02'. A 4, very wWte; B'~, white.

1', T' AQt1ARU-A fine 1lOUIILI: STAB In the left leg, one third of the way from Fomalhaut
to 'Peg""l; R. A. 22h. 89m. 188.; Dec. S. H" OS' 09". A 6, white; B 9~, pale garnet.

6. ,p' AQUARU-A DOUB.... IfrAK In the .tre.m, being the flnt of three .lmD.r .tan
marked "", "", "'3; R. A. 28h. OTm. 808.; Dec. S. 9" liT' 00', A II~, orange tint; B 9, oky
blue. It i& about one-third of the way from Fomalhaut to a Andromed.... Seve. 'L1 other
beautiful double .tan eut of Sehea!, In the .tream, ...hoWD on the map.

'T. A ron: GLOBIlL.+.& CLllIl'l'J:B near the neek of Aquarlu., about II" north·h.lf.....t from
IJ; R. A, 21h, 28m. OT•• ; Dec, S. 6" 16' 04'. A eluater a! exceedingly omall .tan, which
hall been likened to 56 a heap of tine sand.II Several teleJco}:ic outlier," In the ft.eld. Map
VIll" Fig, 66.

8. A P.......'UBT BDIlL.+. In Ihe middle of the ..arf; R. A. 2Oh. Mm. lIT•• ; nec. 8. 11'
69' OS', About 12" eul of a CapricornI, where. line from the Eagle'. tall over 8 AlIU·
noi, .nd &8 far again, reaches it. It I. bright to Ita 'fery dl8e, and but for lea pale blan
,In!, would he • very minlalure of Venuo.

PISCES AUSTRALIS (TllB: 80UTllEIlN FI8H)"-MAP n,
~38. This constellation is directly S. of Aquarius, and is

represented as a fish drinking the water which Aquarius pours
from his urn. Its mean declination is 31 0 S. and its mean right
ascension and time of passibg the meridian are the same as those
of Aquarins, and "it is seen on the meridian at the same time,
viz. on the 15th of October. It contains 24 visible stars, of
which one is of the 1st magnitude, or between the 1st and 2d, two
are of the 3d, and five of the 4th. The first and most beautiful
of all is Fomalha1lJ, situated in the mouth. This is 140 directly
S. of Seheat in Aquarius, and may be seen passing the meridian
low down in the southern hemisphere, on the 22d and 23d of
Octuber. Its position in the heavens has been determined with
the greatest possible accuracy, to enable navigators to find their
longitude at sea,

The mode ot doing thil cannot be explained here. The pTooiec II one of lome dimculty.
It consists in finding the angular dlstance between aome star whose pOIUion is well known,

T!a.aooPle OBllICTs.-Alpha? Bet. ? Gamlna? Zeta? Tat.? Pol? What clriier.,
and where shown on the map? What nebula'

238. Situation of Pisces AUltralis' How represented? When on the meridian' Num­
ber of ltan! Magnitude' The principal star? How situated? ""hilt UB. made of itt
What laid or the method of ftnding the loniltude hy th~ moon Rill1 st.'\rI?
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&lid Ibe moou ..hen Ibe II paatDr near It; aloo, the altitude of each, at the lame Inllaut
with pod ""nanta. Tb.... dala fuml.h the elementa of a .pherlcallrlangle, the solutloa
or which).. after TartoUB intricate correcUons, 11 made to result In the longitude of the given
place.-.,.. -.. t<> -Arkta. In IT14, the BrItish Parliament oll'ered a r....ard of 10,000
pannell Iterliofh to any DI&n who Ihould diacover a methgd or determining' the longitude
..\lhin 1°, or 110 geographical mil.. of the truth; 111,000 pouudl 10 th. man ..ho shOl:lJ
"nd it within 40 mllel, and OO,l)()() pounds, lr found within 80 miles. These rewards In part,
haove been since dilltributed amolJg eminent. matbemai1cians, in Europe, acreeably to lhe
rOllJlOcUve medII of theIr dllCoverl...

BIllTORYo

This conlteUatioD II IUppoIed to ha...e taken Its name from the traDsfbrmation of Venus
lOto the Ihape of a IIIh, ..hen .he lied, terrilied at the borrlble advancel of the m_r
Tn>hon, ....e have related In the JI17lhol0\l'7 of the 1'Iah...-(&<r PiIcM.)

TELESCOPIC OBJECTIlo

a 1'J.ca AlJftIUL_A 11m IJUllllltude slar with a veT7 dlslant companllJn, In Ihe qc
nf the 1I&h; R. A. fih. 48111. 481.; Dec. 8. 80° is' or° A I, recldlah; B'", dua1t;7 blue.

LACERTA (rnB LlZABD)o-MAP IIo

239. This is a small and obscnre modern constellation, between
the tail of Cygnus aud the head of Andromeda. It has one star
of the 4th magnitude, eight of the 5th, and a few mnch smaller.

240. Between Lacerta and Andromeda a singular looking
figure appears on the map, called Gloria Frederica,. or Fredtric',
Glory. It was inserted among the constellatiolll! by Bode, in
1787, ns a compliment to Frederic II., of Prnssia. It consists
of a crO'l.O'n, a laurel, a sword, and a pm, to represent the mon­
arch, the hero, the sage, and the pacificator. But the constel­
lation was not recognized by astrQnomers, and, as such, hall
already passed from the heavens.

TELESCOPIC OBJECTS.

1. A neat DOll."" ....." on the lip of the LI.ard'_ tall; R. A. 2211. 11m. lWla.; Dec. N.
MOllS' 01'. A lilli, pale ..hlle; B V,lIvld.

2. A delicate but ..Ide DO""L. au. on the Ihoulder; R. A. Who 14m, 2lIe.; Dec. N. 411°
43' 011'. A II, pale ;rello.. ; B 18, orange tlnl. A line from Polarll carrl~b;r the easl of
CrpbeDl Uara, and 11° further, wlllllnd It the lncida of a line gala"" lIeld.

8. A 1r1D. DOlTIWI BU" near the end of Ihe lall, Ihe southern ltar of Ihree formfnl! "
neat ulangle; R, A. 2911. 82m, 060.; Dec. N. 38° 18'\1'. A lilli, ..hlle; B 10, violet.

4. A DIlLIon. ftlPL......" In the space between Ihe Llaard's back and Ihe lel'l hand of
Andromeda; R. A. 22h. 4910. 06_.; Dec. N. 40° 411' 1°. A II, bright ..hite; B. 16. pale
blue; C Ulf, reddish; a fourth star al a diliance. A TeT7 dlMcuU olll..t; cla1me1 b;r
"ome for Andromeda, but usn&l17 claued as belonging to the Llsard.

HISTOBT.-Supposed origin of thll constellation?
TlILacoPlO ORlIwrs.-Alph" ? Where situaled'
:&l9. Describe Lacerta. Where Iltuated? l!4O. What other Imall constellation nearf

87 ..hom Inlerled, ..hen and wh7' Of ..hal does U con_III' To ,.epresen t ..hat? 1& It
recognlled by BllronomtlrB'

T.L.... 'P10 OBJBCT8.-Whal double slara in Lacerla? Whatlrlple star? Quadruple?
Clustert Any ofthern Ihown on the map?
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D~ A QU.4DBUPL. gl.l.8, the western One of the three fonning the triangle at the end oj
the WI; R. A. 22h. 29m. 46•. ; Dec. N. 88" 43' 6'. Aboul20' northwest at Mpherala. .~
and B 6~. both 'While; C 11, gr"eni.h; D 10, blue.

6. A LUGa wosa CLDBTn in tj" Lizard'. mouth; R. A.••~. OSm. 69•. ; Dec. N. 4ll' Oll'
I". Stall tram the 9th to the 14th magnitude.. A line carried tram Polaris throug'1 t:t~

liara or Cephe.... and S· beyond, .trike. II.

CHAPTER XIII.

VARIABLE AND DOUBLE STARS-OLUSTERS AND
NEBULlE.

2·il. THE periodical variations of brilliancy to which some of
the fixed stars are subject, may be reckoned among the most
remarkable of their phenomena.. Several stars, formerly distin­
guished by their splendor, have entirely disappeared; others are
now conspicnous which do not seem to have been visible to the
ancient observers; and there are some which alternately appear
and disappear, or, at least, of which the light undergoes great
periodic changes. Some seem to become gradually more
obscure, as Delta iu the Great Bear; others, like Beta in the
Whale. to be increasing in brilliancy.

242. Some stars have all at once blazed forth with great splen­
dor, and, after a gradual diminution of their light, again become
extinct. The most remarkable instance of this kind is that of
the star which appeared in 1572, in the time of Tycho Brahe.
It suddenly shOlle forth in the constellation Cassiopeia, with a
splendor exceeding that of stars of the first magnitude, even of
Jupiter and of Venus, at their least distances from the earth;
and could be seen with the naked eye, on the meridian, in full
dayl Its brilliancy gradually diminis~ed from the time of its
first appearance, and at the end of sixteen months it entirely
disappeared, and has never been seen since. (Su a 1TWre par­
ticular aa:.o'UlTlt of this plunomenon, page 35.)

Another inItance at the .ame kind wa. ob.e.....d In 1604, when a .tar ot the Ii,..t mag·
nllude .uddenl,. appeared In Ihe right tool at OphiuchUl. It pre.ented, like the tormer,
all the phenomena of a prodiglo11l flame, being, at flret, of • dauling white, then of a
reddi.h yellow, and, laltly, of a leaden palenei.; in which It, light. expired. Theae
Jl.tance. proTO thallhe .tan are 8ubjectlo great phymal revolullon.. (Pag. (0)

243. A great llumber of stars have been observed whose li!!':xt
lIeems to undergo 0. regular periodic increase and diminution.

1I41. What oaId of the periodical variation I at the .tar.? 1I411. Whal other remark... 1-
1,1. I'h.nomenoD? What In.lan_ cited? What do IhOM InltaD". prov.? ~ Wha'
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rhcy are properly called Variable Stan. Onll in the IVnak hl'~

_, period of 344 days "_lid IS remarkable for t.he magnitude Qf it!l
mriations. From ueing a star of the second magnitude, it
uecomes so dim as to be seen with difficulty through powerful
tP.\escopes. Some are remarkable for the shortness of t~ period
uf their variation. Algol has a period of between two and three
days j Ddta Cephei, of 5* days; lieta Lyra, of 6 2-5 days i
and lYIu Antilwi, of 7 day.s.

The Tt'gular succeslion of these variatlona precludes the lupposltiotl of I'D actual
destruotion of the .tars; neither can the variations be supposed to arise from a change
of distance; for, &1 the ltarl Invariably retain toeir apparent places, it would be neces­
wary to suppose that they approach to, and. recede from the earth in Btrai{/ht tina.
which is very Improbable. The mOlt probable supposition is, that the stan reval yet like
the SliD and planets, about an axis. li'Such a motion," says the elder Herschel, "' may
be &1 eviden tiT proved, as the diurnal motion of the earth. Dark spots, or large por­
tions of the surface, lell luminous than the relt, turned alternately in certain directioDs,
~i1.her toward 01' from us, will account for all the phenomenA. of periodical changes In the
IU8ter oC lb.... ltar., 10 .atbfactorlly, that we certainly need not look for any other caul;e.'

DOUBLE STARS.

~44. On examining the stars with telescopes of considerable
iJower, many of them are found to be composed of two or more
stars, placed contiguous to each other, or of which the distance
subtends a very minute. angle. This appearance is, probably, in
many cases, owing solely to the optical effect of their position
relative to the spectator; for it is evident that two stars will
appear contiguous if they are placed nearly in the same Jiue of
vision, although their real distance may be immeasurably great.

STARS OPTICALLY DOUBLI!:.

)

~

Apparent position.
_•••• _ _11-

True positton

." -.
. A - ----.-- ..-.. -----.---...,---.---11

B
Here the oblerYer on the left"1eeI a large and small star at At apparently near tog.....

lher-the lowest. ltar being much the Ima,l1est. But iustead of their being situattvl K$

tllt:y appear to be, with respect to each other, the true polition of the ImaUer star m....'
be at B in.tead of A; and the difference in their apparent magnitUdes may be Wholly
owing to the greater distaDce of the low~r 81&1'.

Upon this !lubJect Dr. Herschel remarks, that this nearneal of the stars to each oll1er.
in certain cases, might be attributed to Berne accidenta.l cause, did it occur onl)' in a f~w
instances; but the frequency of thts companionship, the extreme clost-ness, and, io
msny call1elll, the Dear equality of the stars so conjoined, would alone 1ead to a stroliol!l
fluspicion of a more neal" and intimate relation than mere casua.l juxtaposition.

245. There are, however, many instances in which the angle
of position of the two stars varies in such a manner as to indi-
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cate a re'l"olution about each other and about a common u;'iter.
III this case they ar~ said to form a Bmary system performing tu
each other tht: office of sun and planet, and are connectel!
together by laws of gravitation like those which prevail in the
solar system.

The recent observations of Sir John Herschel and Sir James South, have establisheu thr
:ruth of thill lingular fact beyond & doubt. Motions hKve b~en detected 80 rapid &s to
~come meaBurable within very short periods of time; and at certain epochs, the 8stellik:.
or leebler star has been observed to dill-appear, either p~ingbehind or before the prlmar;r
Dr approaching 00 near to il th"l ita light haa been absorbed by \hal of Ihe olher. •

246. The most remarkable instance of a regular revolution of·
this sort, is that of J.ltlizar, in the tail of the Great Bear; in
,,:hich the angular motion is 6 degrees and 24 minutes of a great
Circle, annually; so that the two stars complete a revolution
about olle another in the space of 58! years. About eleven
twelfths of a complete circuit have been already described since
its discovery in 1781, the same year in which the planet Herschel
was discovered.

A donble star in Ophiuchus presents a similar phenomenon, and
t.he satellite has a motion in its orbit still more rapid. Gastuf
in the Twins, Gamma Virginis, Zeta in the Crab, Zi Bootit.,
Delta Serpentis, and that remarkable double star 61 Cygni,
together with several others, amounting to 40 in number, exhi­
bit the same evidence of a revolution abont each other and abl.lllt
a common center. (For a more particulnr description of these
stars, see Telescopic Objects and the Map.)

But it is to be remembered that theBe are not the revolutions of bodies of a p1anetal'1
nature around a 80lar center, but of Bun arountl Bun-each, perhaps, accompanied by Its
train .of phl.netst and Jhei..r satellites, closely shroaded from our view by the !Jplendor of
~ltdr respective suns, and crowded into a space bearing hardly a greater proportion to
the enormous interval which separates 'them, than the distances of the sa.tellites or our
~lanet8 from their primaries hear to their distances from the Bun Itself.

247. The examination of double stars was first nndertaken by
the late Sir William Herschel, with a view to the question of
parallax. His attention was, however, soon arrested by the
new and unexpected phenomena which these bodies presented.

Sir William observed of them, In alii 2400. Sir James South and Herschel have given :'
c~talogue of 880 In Ihe T,·ansactlon. of the Royal Society for 1S24, and South added 4:>.
In 1826. Sir John Herschel, tn addition to the above, published an account or 1000, befOI'L
be left England for the Cape of Good Hope, where he went to push his discoveries In the
lOuthern hem!sphere. Professor Struve, with the gre.lJ.t Dorpa.t teleacope, hal given d

catalogue of 8,063 of the most remarkable of thes~ stars.
The object at these catalogues Ie not merely to tis the place of the star within luch limit:!

&8 will enable us easily to diSl10ver It at. any future time, but also to record a descrlptiolJ

~ver real1y near each other' What mottoD' What do these consUtate' II it certKin
~h...t atarllo are ever thul in motion around a commOD center? 246. What remarkablt
J1Iltance cl'ed? Ita annual angular motion' Period? What other binary .Yltemlll
\.fl,;' these planeta", systems like our own' 247. Who flnt undePl.oQk the examlnath'li
• ",. UIH1bl~ .tare. and with what Tiew? What numbur dill he ob,prve? Wha.", C"R:ll·
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of the app~ar"DC:~, pol.U...'O, ..n1 mu.taa1 dlatancel of the Individual stare compo!llogl.h•.
•Jlteol., in order that lIubsequent obaerTen ID&7 have the means of detf:~ting their con­
nected moUonl, or any change. which the7 may exblbtL PraCe.aor StruvJ hall also taken
notice of 02 triple stau, amoog whleb No. 11 of the Unicorn, ZBta of o.:.ncer, And Zi of
lhe Hwance, appear to be tm-nary 81I11ti1rM in motion~ Quadruple and quintuple 8tarS
have UkewiJe been observed, whlcb alao appear to reTolve about a common center of
gravity; In obort, every region of the heavens furnlahea examplea of tteae curioua phe·
nomen..

COLOR OF THE STARS.

248. Many of the double stars exhibit the curious and besu­
tiful phenomenon of wntrasted colors, or complimentary tints. In
IlUch instances, the. larger star is usually of a ruddy or orango
hue, while the smaller one appears blue or grecn, probably in
virtue of that general law of optics, which provides that when
the retina is under the influence of excitement by any bright
colored light, feebler lights, which, seen alone, would produce no
Ilensation but that of whiteness, shall for the time appear
colored with the tint complimentary to that of the brighter.

Thua, a yello.. color predominating In the light of the brighter atar, that of the Ie..
brlgh, one,ln the .ame Ileld or vie.., "ill appe.. blue; ..hlle, If the tint of the brighter )
Itar verge to crimson, that of the other will exhibit a tendeoq to green-or eveD appear
a vivid green. The former contrast is beautifUlly exhibited by Iota, in Cancer i the latter
by ..ALnlaac.t, tn Andromeda-both fine double stara. If, however, the colored star be
much the leas bright of lhe t..o, It will not materially atrect the other. Tbua, for Instance,
Eta C..slopel.. exhlblta the beauW"ul combination of a large ..hlte atar, and a amall one 1
of a rich ruddy purple.

249. It is not easy to conceive what variety of illumination
1100 suns-a red and a green, or a yellow and a blue one--must
afford to a planet revolving about either j and what charminK
contrasts and grateful vicisllitudes-a red and a gru71 day, for
instance, alternating with a white one and with dark'1lQs-might
arise from the presence or absence of one or the other, or both,
above the horizon.

Inaulated atan of a red color, almoat aa deep a. that of blood, ocour In mall7 parta of
the h3&VenS, but DO green or blue star (of any decided bue) has, we believe, ever IKe!.
notleed, unaaaociated ..ith a oompanion brighter than ltaelf.

CLUSTERS OF STARS.

250. When we cast our eyes over the concave surface of the
heavens ill a clear night, we do not fail to observe that there are,
hem and there, groups of stars whiCK seem to be compressed
together more densely than those in the neighboring parts j
forming bright patches or clusters.

..,gue.? Their object? What triple stan? Ternary systema? Quadruple atan .i, ?
IWS. What mid of the color. of the ata..a? What la.. of optics referred to? What'illw.
'ration I P 24". What remarks respecting red and green IUDI, k. , Of iOBulated stall
.r a rod color , ~l. What aald of eluatera' What apeclm... raferred to? PIe/ad.. ,
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The Pleiadu are an instance of this kind, in which tlix or
. ieven stars IDay be seen in near proximity, by the naked eye j

and even more if the eye be turned carelessly upon it j 'for it is a
remarkable fact that the ct:n.ier of the eye is far less sensible to
feehle impressions of light, than the exterior portion of the retina.
Hheita affirms that by the aid of a telescope he connted over 200
stars iu this small cluster. See Map VIII., Fig. 28.

In the constellation called C011I.fl, Berenices there is another group
more diffused, and consisting of much larger stars. In Cancer
there is a nebulolls cluster of very minute stars, called Prasepf.,
or the Beehive, which is sufficiently luminous to be seen by the
naked eye, in the absence of the moon, and which any ordinary
.spyglass will resolve into separate stars. In the sword-handle
of Perseus, also, is another snch spot, crowded with stars. It
requires, however, rather a better telescope to resolve it into
individual stars. See p. 65, and Map VIII., Fig. 39.

Whatever be the uture or these cluaten, It Is certain that other laws of aggregation
prevail in them, than those which have determined the Icatterlng of star. over the gene­
ral surfa.ce of the .ky. Many of them, indeed, are ot an exactly round figure, doDd con­
vey the idea or a glohular space IIlled fUll or stars, and oonstitutiog, In Itself, a familJ' or
Bocietyapan, and .lIubj~ct only to ita own Internalla,..•.

• 6 It would be a vain ta.sk," says the younger Herschel, U to attempt to count the stan
tn one or these globular clusters. They are DOt to be reckoned by hundred8; for It would
appear that many clu8~ra of this description mUlt contain, at least, ten or twenty thou­
Mod Itan, compacted and wedged together in • round space, not more than • tenth part
ill Ia. .-re al that which 11 covered by the moon.

NEBUI•.£.

. 251. The Neb'lJ14, so called from their dim, cloudy appearance,
form another class of objects which furnish matter for curiom

. !lpeculation and conjecture respecting the formation and strnc­
ture of the sidereal heavens. When examined with a teleScopE
of moderate powers, the greater part of the nebulre are dis­
tinctly perceived to be composed of little stars, imperceptible to
the naked eye, b'1cause, on account of their apparent proximity,
the rays of light proceeding from each are blended together, in
'lUch a manner as to prcaluce only a. confused luminous appear­
ance.

In other nebut_, however, no individual stars can be percelyed, e",en throull'h tile best
telescope.; and the nebulm exhibit only the appearance of a lelf~lumlnoul!J phosphores­
cent patch of galeous vapor, though it is possible that evt'D in this case, the appearance
may be owing to a cO!lgeries of stars 80 minute, Clr 10 distant, &I not to &!forfi, singly,
aatBcient light to make an Impression on till" eye.

Remark. npon their I:ature and the laws that govern them? Remarks of HerocL.n
2M. What are tubulal, and wh110 called? How appear tbrough te1escopell? Are the)
!In It!'solvablllinto Itan P
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252. One of the most remarkable nebulre is in the sword·
handle of Orion. It is formed of little flocky masses, like wisps
of cloud, 'which seem to adhere to many small stars at its out­
skirts. It is not very unlike the mottling of the sun's disc, but
of a coarser grain, and with darker intervals. These wisps of
light, however, present no appearance of being composed of
swall stars; but in the intervals between them, we fancy that
we see stars, or that, could we strain our sight a little more, we
should see them. Tht'lle intervals may be compared to openiugs
in the firmament, through which, as through a window, we seem
to get a glimpse of other heavens, and brighter regions, beyond.
See page 4.5, aud M.ap VIIL, Fig. 32.

253. Another very remarkable' nebula is that in the girdle of
Andromeda, which, on account of its being visible to the naked
eye, hu been known since the earliest ages of astronomy. It is
often mistaken for a comet, by those unacquainted with the
heavcns. See page 20, and Map VIlL, Fig. 22.

Ilari... who ootlce<l It In 1111t, deoeribH IIll aPfM!anr.nce .. tbat of .. candle .hinlq
throqh horn; and the reeemblBnce ... certainl7 ,-ery IItriking. Its form i. a lone oval,
incrt"a~ing,by insenllible grad.lions of bri«btoeu, from the circumference to. central
ltOjnt, which, thoulh very mucb brighter than the rat., .. not a _tar, but only a nebula in
a high state of cOIldewsBtion. It oceupiell an area comparatively larwe--equal to that
of the moon in quadrature. Tills nebula may be cODllidered. .. & type, on a large 8C&le..
of a very numerous etas. of oebw., or a round or oYal 4pre, locrea.atnc more or I.... iQ
den.lJitT toward the center.

254.. Annuar fl(bll14 are those in the form of a. ring, but are
among the rarest objects iu the heavens. The most conspicuOUi
of this class is to be found exactly half-way between the stars
Beta aod Gamma LyrlE, and may be seen with a telescope or
moderate power. It is smal~ and particularly well defined,
appearing likc a flat oval ring. The central opening is not
entirely dark, but is filled with a faint, hazy light, uniformly
spread over it, like a fine gauze stretched over a hoop.

255. Planetary 1Wndtz are very extraordinary objects. They
havc, as their name imports, the appearance of plauets, with
round or slightly oval discs, somewhat mottled, but approaching,
in some instances, to the vividness of actual planets. Some of
them, upon the supposition that they are equally distant from us
with the stars, must be of enormous magnitude. That one, for
instance, which is situated in the left qand of Aquarius, must.

~52. What remarkable nebulR. mentioned? DeMcrfbe it? Point out on the map.
2!",.:t "'hat otl1f:r? How long known, and why? Show on the map" How described by
)llrlU~? Itil form ar..c.l extent? HoW' consjd~red? 2..'>4. ""hat are Annular NehNla.
, ."t' they comlUun' t\"hat specimen rererred to? 2M. Planetar,. nebul2? Th~i,
JharJI,cler dond mag::l.1tule f Specimen' Stellar Dtl'ulEl' General remarks ret.(JH'ltlUP
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lJlne a volume vast f'~ol1gh, upon the lowest computation, to fill
t.he whole orbit of Herschel I

Tn some instances a nebula presents tile appearance.f a faint,
I luminous atmosphere, of a circular form, and of large extent,
surrounding a central star of considerable brilliancy. 'rhe8e are
denominated Stellar l..Yebultz.

The nebullll furnish aD InexhaWJtible lIeld or .peculatlon and conjoetllre. That by far
the 1ar«er Dumber of them c"nailtll or Itarl, th~re can be Uttle doubt.; and in the inter­
minable range of sYllt~m upon .ytftem, and ftrtDamt:!nt upon fWml&ment, which we thUI
catch a stlm~ or, the IlD&Iinatlon III bewildered and loot. Sir WUllam Henchel <"OD­
jeelured tbat the nebul.. migbt form .he malerlal 0111 of ..hlcb Datnre elaboraled Ole"
luns and .ystems, or repleni.hed the wasted light of older ODeI. Bat the little we know
of the physical constitution 0: these sidereal mUMI. fs alto«ether tuuflcient &0 ",arraat
.nch a conchalon. (Por a Spiral Nebula reeentIT dIIcovered b, Lord Koue, lee Map L~
FIG". 68.)

CHAPTER XIV.

VIA LACTEA (TIlE MILKY-WAY).

" Throughont the GalaSJ". extended H:le,
Unnumber'd orbtJ In lay confu.loo .hlne :
Where every .tar that gild. the gloom of nlgbl
With the faint ItembHngo or a distant light,
Perhaps Ulu.metl lome Iystem ot itl UW'O,
Wilb the .trODg Inlluence of a radiant .Wl."-J(~~. (.b""~.

256. THE VIA LACTEA, or Milky- Way, is that luminons zone
or pathway of singular whiteness, .varying from 4° to 20° in
width, which passes quite around the heavens. The Greeks
called it GALAXY, on account of its color and appearance: the
Latins, for the same reason, called it VIA LACTEA, which, in our
tongue, is Milky- Way.

or &lIthe objeclll ..hlch lbe beaven. exhibit to oW' vi.", thl. mJ. lhe mind wltb th"
most tndescribable grandeur and amalement. When we cODiider what unnumbered.
millions ot II)ighty IUol compose this atupendoU8 girdle, whose distance Is so V&!!It thRt
tbe .tronge.t tel...ope can bardl, ..parate their mingled twilight Into dl.tlnct .peck.,
and that the mOlt cootlluOUS of any two ot them may be &8 far .Iundt!r al our lun l:J
from them, we fall &S far ahort of adequatf' lan@,uage to express our Ideas of sucb hurnen·
:.:19', as we do of InstrumeDbi to meaaure Us boundariea.

257. It is one of the achievements of astronomy that has
rflsol,ed the Milky-Way into an infinite number of small stars,
whose confused aud feeble luster occasions that peculiar white­
ness which we see in a clear evening, when the moon is absent.
It is also a recent and well-accredited doctrine of astronomy.

the Nebullll' Sir Wm. Heroche!'. COf,J.cture? 2M. What III the Via LRctea? IIII
Greek name? What aaid of ita magnitlcence and grandeur? 2:)7. What ....id of tho
achlcvementl of astronomy t Its doctrine respecting the structure of \ht' Ilriver.: J'
or the .un, aud illl relation 10 the bed Itaro?
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tha.t all the stars in the universe a.re arranged iut" clusters, 01

l,n'oups, which are called NEBULA!: or STARRY SYSTE)(S, each of
which cOBsists of myriads of stars.

The fixed Ita. which we call oua SI7ll, belongs, It II laid, to that extenolve nebnla, n••
Ali1k7.Wa1; and although appareoU1 atauch "0 IDmeaaurable distance from Ita felle....
fa, doubtle.., .. near to HoD' ooe of them, al they are to ODe another.

2/18. Of the number and economy of the stars which compose
this group, we have very little exact knowledge. Dr. Herschel
informs us that, with his best glasses, he saw and counted 588
stars in a single spot, without moving his telescope j and as the
gradual motion of the earth carried these out of view and intro­
duced others successively in their places, while he kept his tele­
scope steadily fixed to one point, "there passed over his field
of vision, in the space of one quarter of an hour, no lest than
om kwndrtd and nxteen thousand stars, and at another time, in
forty-one minuteS', no less than two hUtTl.drtd and fifty-ei.gkJ tlwu­
sand."

In ..u parlI of the MUk,-W" he found the atan unequall, dllpened, aDd appeaMS
10 arrange themaelves into leparate chllten. In the email space for example, betweeu
neta and Sad'r, in Cygnl, the stare lleem to be clultering in two divisions; each dIvision
:onta,nJng upwardl of ont: hundred and lixty.flve thousand .t&rB. At other observatioDI,
when ~xnmlnlDg a aection of the Milky~Way,not apparently more than a yard in breadth,
and Iix' in length, he discovered filly th.ou.8aftd stare, large enough to be distinctly
Bodnt~d i Bnd he aUlpected twice al man, more, Which, for want of .WIldent light in hi.
telclCope, be laW only no"" and then.

2:)9. It appears from numerous observations, that various
changes are taking place among the nebnlre-that several nebu­
Iw are formed by the disolution of larger ones, and that many
Ilebulw of this kind are at present detaching themselves from
the Milky-Way. In that part of it which is in the body of
Scorpio, there is a large opening, about 4,0 broad, almost desti
tute of stars. These changes seem to indicate that mighty
movements and vast operations are continually going on in the
distant regions of the universe, upon a scale of magnitude and
graudeur which baffies the human understandi::Jg.

More than two thoulland five hundred nehulll' have already been obserTed; and, It
each "f them contains &s many stars al the Milky-Way, several hundreds of millions of
.tars must eXiat, even within that portion of the heaven. which lies open to our obleJ"o
"'Rtion.

" 0 what a confluence of ethereal fires.
From urns unnuml.,er'd down the steep of heaven
Streams to a point, and centers on my Sight."

260. Although the Milky-Way is more or less visible at all
lIeasous of the year, yet it is seen to the best advantage during

2MI, Number and economy of the ltars? Dr. Herschel's Itatementll? What nUDlber
passed the field of hiI instrument In a.r"uarter of an hour? In rort1·00e minutes? In
APace Rpparently only a yard in breadth' ~9. 'What changes observed in the nebu..
)'1)' What do they inuicate' Number of nebut.,? Estimated number of Ital'll'
160. When it the Via Lactea. .""n w the best advantage? Directton when Lyra il on the
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the montha of July, August, September, and October. When
Lyra is on, or nea.r the meridian, it may be seen stretching
obliquely over the heavens from northeast to sou~hwe8t, gradu
ally moving over the firmament in common with other constel­
lation'l. (For views of our cluster, see Map IX.,I<igs. 69, 70, 71.)

Its form..:. 1:readth and appearance are VariOUl, In dUrert!'nt parte ot lUi courle. In lome
pla.ceslt is dense and luminous; in others, it is scattered and faint. Its breadth Is oRen
Dot more than Ave degrees; thouf41 sometimes it 18 ten or Jlfteen decrees, ami eYeD
twenty. In some places it assumes .. "ouble path, but for the mOlt pan it Is lingle.

It may be traced in the heaveDs, beginning near the head of Cepheua, about SO- from
~he north pole. through the constellations Cassiopeia, PeneuI, Auriga, and .part of ()1ion
4nd the feet of Gemini, where it crosses the Zodiac; thence over the equinoctial Into
the Bouthern h~misphere, through Monoceros, and the middle of the ship Argo, where It
Ie most IllminoU8, Charles' Oak, the Cro88, the teet of the Centaur, and the Altar. Here
it Is divided into two branches, as it passes over the Zodiac again into the nonhero hem­
I.phere. One brancb runs Ihrough Ibe lall of Scorpio, Ih. bo.. of Sagiltarlus, Ibe shield
of Sobieski, the feet of Antinou8, Aquila, DeJphinus, the Arrow and thf'J Swan. Thl' other
brllnch pR.lt3eB through the upper part of the tall of Scorpio, the Bide of Serpentariul,
Taurus Poniatowskii, the Goose and the neck of the SW'an, where it again unitell with tho
other branch, and passes on to the head of Cepheus, the place of its beginning.

Some of the pagan philosophers maintained that the Milky-WaywaB formerly the Bun'.
path, and that lUi present luminouB appearance is the tract which ita lCattered bealIll
left visible in the heavens.

Th. anclenl poel.l, ud even phUollOphen, speak of the GrJUT, or MIIk,-·Way, as the
palb ..bich tbelr del lies used In the b.avons, and ..hicb led directly to tbe tbron. of
lupiter. ThUS, Ovid, in his Metamorpboses, Book 1.:-

U A way there 11 in heaven'I extended plain,
'Which, when the Bkiel are clear, is .een below,
And morta.lJ, by the name of Milk" knoW'i
The groundwork Is of stars, through which the road
Liel open to the Thunderer'. abode.It

'IUtoD &IInd.s to tbls In th. follo1ring lines :-

.. A broad and ample road, ..boo. dust 18 gold,
And pavement, stars, al star. to thee appear,
Se.n In tb. Galaxy, tbat MillI:7.Way,
Wbicb nightly &8 a clrcllnl80n., thou ....t
Po..d.red ..Ith 8I&r••"

CHAPTER XV.

ORIGIN OF THE CONSTELLATIONS.

261. THE science of astronomy was cultivated by the imme­
diate descendants of Adam. JOSEPHUS informs us that the sons
of SETH employed themselves in the study of astronomy; and
that they wrote their observations upon two pillars, one of brick

------- ------

meridian? 11.1 fonn, breadth, "c.? How traced ;D the heavens? No:loD of tb. Pagar
phlJ.....pb.rs' Of tbe poe"? What citation. ? 2411. 1I0w e.rly ...~s astronomy cuiUnlod'
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dn'1 the other of stone,* in order to preserve them Il.gainllt the
de!ltruction which ADAK had foretold should come upon the earth.

H. abo ...Ialea. that Abraham arllUed th. unltJ' and po....r of God, from th. orderly
~Qne of tblD" bl.ch at H. and land, In &helr Um.. and Huons, and from hi. observa­
tion. upon &he naoliolll BnJ infiuencel of the lun, moon and It&n; and that be read ieee
lurft ID ..'runom,. and arithmetic to &he Fc7PtJaa•• of WidCb the,. Ilndentood Dothlnl
111I Abr~ham brourht th....clence. from Chaldea '" II'c7pt; from whence th., palled '"
th. Ur...k••

2li2. BEROSUS also observes that Abraham was 0. great and just
man, Ilnd famous for his celestial observtltlORs; the making of
which was thought to be so necessary to the human welfare, that
he assigns it lI.8 the principal reason of the Almighty's prolong­
ing the life of man.

Thil ancl.nt hillarian lelia ....·In hlI account of the long.vlt, of the anlediluvlar.•,
lba' ProYldeace fOWJd It nee_IT to prolon,luan'. day" 111 order to promote the study
aad advaocemeot of Ylrtue, and the improvement of geometry and astronomy, which
rt>qulred, at. leut, lix hundred yean for making and perfecting observations.t

263. When Alexander took Babylon, Calisthenes found that
the most ancient observations existing ou record iu that city,
were made by the Chaldeaus about 1903 years hefore that period,
wbich carries us back to the time of the dispersion of lliankind
by the confusion of tongues. It was 1500 ycars after this that
the Babylonians sent to Hezekiah, to inquire about the shadow'lI
going bo.ck on the dial of Ahaz.

11 I.. ,herefore, ver, probable that the Chald...... and EgJptlan. ",ere the orIginal
Inventors of astronomy; but at what ~riod of the world they marked out t.he beayen.
Into CODllteUatioDs, remaina in uncertainty. La l:Jlace Axes the date thirteen or fourteen
hundred yean before the Cbriltian era, since it was about this period that Eudoxus con­
IUUOted th. lIn& oel..lla! .phe... upon ...hich tbe con.tellallou. we... delineated. Sir
(sa&C Newton was of opinlon, that all the old cons\eUatioD8 related to the Argonautic
expedition, and that they were lnYented to commemorate the beron and events of tha~

memorable enterprise. It should be remark.eel, however, that whUe DODe of the ancient
cousteliAtioDs re(~r to tranlactions of a later date, Tel we have Tarious accoWlu of them
of a much hlgber antlquilJ than tha& .vent.

264. Some of the most learned antiquarians of Europe have
searched every page of heathen mythology, and ransacked all
the legends of poetry and fable for the purpose of rescuing this
subject from that' impermeable mist which rests upon it, and
they have only been able to assure us, in general terms, tha~

they are Chaldeau or Egyptian hieroglyphics, intended to per­
pctuate, by means of an imperishable record, the memory of the
timcs in which their inventors lived, their religion and manners.

• Jo.eph... all\rlDl, &hat .. h. laW him••lf tha& of .Ion. 10 remain In 87r1a In hiB 0"'"

lim,:,."
t Vin",,'. Compl.te SJ&tem of Mcronom,. Vol. Ii. p. 2K.

Wba' proof? Wha& Mid of Abraham r 262. What further proof? What .....on
a: lIihned for the loupnt, of the antedlluvianB? 268. What discol'eryl)y Calidhent'''' ~
W~lt.t conclUlioD from this discovery? La Place's date of the origin of the con8t.c~la
t,c".? SIt IAaao JIIe'll'ton'. oplnlunr Kemar.. ? 964. What r..earche., and wb.
r ...uUd
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their achievements in the arts, and whatever in thel: history Wll.ll

l10St worthy of being commemorated. There was, at least, a
moml g~andeur in this idea; for an event thus registered, a
custom thus canonized, or thus enrolled among the stars, must
needs survive all other traditions nf men, and stand forth in per­
petual characters to the end of time.

265. In arranging the constellations of the Zodiac, for instance,
it would be natural for them, we may imagine, to represent
those stars which i'<>se with the sun in the spring of the year, by
such auimals as the shepherds held in the greatest esteem at that
beason; accordingly, we find Aries, Taurus, and Gemini, as the
bymhols of March, April, and May.

266. When the sun enters the sign Cancer, at the summer
solstice, he discontinues his progress towards the north pole, and
begins to r'lturn towards the south pole. This retrog-rade mo­
~ion was fitly represented by'a Crab, which is said tf' go back·
ward. The sun enters this sign about the 22d of June.

The heat which usually follows in the next month was repr",
:lented by the Lion; an animal remarkable for its fierceness,
and which at this season was frequently impelled by thirst tc
leave the sandy desert, and make its appearance on the banks
of the Nile.

267. The sun entered the sixth sign about the time of barvest,
which season was therefore represented by a Virgin, or female
rC:l.per, with an ear of corn in her hand.

At the autumnal equinox, when the sun enters Libra, the
days and nights are equal all over the world, and seem to
observe an equilibrium or balance. The sign was therefore
represented under the symbol of a pair of Scales.
~ 268. Autumn, which produces fruit in great abuudance, brings
with it a variety of diseases, and on this account was represented
by that venomous anima.l, the Scorpion, which, as he recedes,'
wounds with a sting in his tail. Tbe fall of the leaf, was the
season for hunting, and the stars which mark the sun's path at
this time were represented by a huntsman, or archer, with his
arrows and weapons of destruction.

The Goat, which delights in climbing and ascending some
mountain or precipice, is the emblem of the winter solstice, when
the sun begins to ascend from the southern tropic, and gradually
to increase in height for the ensuing half year.

"

~. Origin or Arle., 'raurUl, and Gemini f 266. or Cancer and lAo
"1"0 ....d Lobra f i68. 0' Scorpio and Oaprlcorn ?

~. p'
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269. AquariUl, or the Water· Bearer, is represented uy tit,
!igure of a man pouring out water from an urn, an emblem 0"

the dreary aud uucomfortable season of winter.
The last of the zodiacal constellations was Pisces, or a couple

of fishes, tied back to back, representing the fishing Ileason.
The severity of winter is over; the flocks do not afford Iluste­
nance, bnt the seas and rivers are open and abound with fish.

" Tbua monltrous forml, o'er beaTen'. nocturnal arcb,
Be.D b1 tb••age, In pomp c.I••tlal marcb ; .
Be. Ari•• th.r. hili IIl1tlerlnll bo.. uDfold,
And ralliDIL Tauru. lou bill borDo of IlOld ;
With beDded boW" the lullen Archer IO"l'rJ,
Aod th.r. Aq......luo c.m.. with all hi••h....n ;
LloDI and C.ntalUl, Gol'llOn•• H7dru ria.,
And lind. and h.rool blue along th••Id.....

Whatever m"7 h..... led la th. adOptiOD of th... rude na"," lIt 1Ir11, th., are DOW
r.talned to aTold CODfusloD.

Tb••arl, Greeka, bo...ve., dlopl....d maD1 of tho Cbald.aD COD.t.natloD', aDd sub­
ItitUted lucb imagelln th,ir place u had a more lpecial referel'ce to their own bis&ory.
Tb. Roman••110 plUlu.d the .am. cour.. with regard to tlkow' biola,.,.; and b.DCS tho
~'ODt...dlcto,.,. account. that have d.lcended to later time••

270. Some, moreover, with a desire to dive!lt the science of
the stars of its pagan jargon and profanity, have been induced
to alter both the nalUes and figures of the constellations. In
doing this, they have committed the opposite fault; that of
blending, them with things sacred.

'fhe "venerable Bede," for example, instead of the profane
Ilames and figures of the twelve constellations of the Zodiac,
substituted those of the twelve apodia. Julius Schillerius, fol­
lowing his example, completed the reformation in 1627, by giv­
ing Scripture names to all the constellations in the heavens.

Welgelluo, too, a cel.brated prof••101" of mathematic. In tho Unlvonlt1 of J.Da, made
\. new order of constellatioDs, by converting the flrmament into. 0CIILu.- U.ULDlCtTlI, in
which he introduced the arm. of all the princes of EW'oPe. But .Itronomers, generaUJ.
never approved of these tnnovatlons; and ror ourselves, we had. allief the Bages aDd
h.,oe, of antiqu1l1 .honld contiDu. to enJ01 lbelr Ilanced bODon In the .k7, u la _

_their place. ,upI,lIed b1 tb. prince. of Europe.

271. The number of the old constellations, incloding those of
the Zodiac, was only forty-eight. As men advanced in the
knowledge of the stars, they discovered many, bnt ehiefly in
southern latitudes, which were not embraced in the old constel·
lations, and hence arose that mixtnre of ancient and moderr
'lames which we meet with in modern catalogues.

272. Astronomers divide the heavens into three parts, called
the Northern and Southern Hemispheres, and the Zodiac. In the

,~. Of Aquarlu. and PI..,••? eonr.. of th. Greeka aDd R.>maDI, In dl.plaelDg cor
5Ll!UaUonl! 270. What other reform attempted' What parti~ul&r tnstancell cited
~,le? BcbWerlu.? W.lgellu.? How are the•• IDDontloDI reoliard.d b1 a.UODomer.
Ut. )I_ber of lIle old oOD.1.ellatio,,"? Bo.. olhe... added? Z72. llow 4" ....t"..'"
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northern hemisphere, astronomers usually reckoll thirty-rour COll'

stellations, in the Zodiac twelve, and in the southern hemisphere
forty-seven j making in all ninety-three. .Besilles these, there
are a few of inferior note, recently formed, which are not con­
sidered sufficiently important to be particularly described.

273. About the year 1603, John Bayer, a native of Germany,
invented the convenient system of denoting the stars in each
constellation by the letters of the Greek alphabet, applying w
the largest star the first letter of the alphabet j to the next
largeRt the seco[1(l letter, and so on to the last Where therf'
are more stars in the constellation than there are Greek letters,
the remainder are denoted by the letters of the Homan alphabet,
and sometimes by figures.

By this system of notation, it Is noW' &8 e&l!y to refer to any particular Itar In tho
'!teavens, u: to any particular house in a populous cfty, by its street and number. Before
this practice was adopted, it was customary to denote the stars by referring them to
their respective rituaU<m8 in eM .figure of tbe· constellation to whicb they severallJ'
belonged, 3S the head, the arm, the foot, A'c.

It is banll,. necessary to remark that tbese ligures, wblcb are &11 verr curiously depleted
upon mUlcial globes and maps, are purely a faDciful invention-answering many con­
venient ends, however, for purposes of reference and classification, &S they enable us to
designate with facility any partiCUlar star, or cluster of stars; though these clusters
very rarely, if ever, represent the real figures of the objects whose names they bear.
And yet. it is somewhat remarkable that the name of U Great Bel"," for instance, should
bave been given to the verylttZ11W! constellation by a natioll of Am~rican aborigines (the
Iroquois), and by the most ancient Arabs of Aaia, when there never had been any com­
munication between them I Among other nations, alBa, between whom there exists no
c,ridence of any intercourse, we find the Zodiac divided into the eame number of conste1·
I•.\tioos, and these distinguished by nearly the lame names, representing the twelve
monttlil, or seUCDs of the year.

274. The constellations, or the uncouth figures by which they
are represented, are a faithful picture of the ruder stages of
civilization. They ascend to times of which liO other record
exists j and are destined to remain when all others shall be lost.
Fragments of history, curious dates and documents relating to
chronology, geography and languages, are here preserved in
imperiHhahle characters.

The adventures of the gods, and the inventions of men, the exploits of heroes, and
the fancies of poeta, are here spread out in the heavens, and perpetually celebrated before
all DatioDs. The 8even stars, and Orion, present themselves to us, as they appeared to
Amos and Homer: Bit they appeared to Job, more than 8000 yeRrs ago, when the
AlmightT demanded of him-U Knowe.t thou the ordinances of heaven? Canst thou
bind the sweet influences of the PLKUDES, or loose the bands of ORION! Canst thou
brinr forth MA..ZZ.A.&O'l'B in his season, or canst thou guide AJlCTURU8 with his !Ons f"
Here, too, &I'e consecrated the lyre of Orpheus and the ship of the Argonauts; and, in
the BalDe firmament., gUtter the Mariner'. Oompass and the Telescope of Herschel.

mers divide tbe constellations? Number In each division? Total? What rtbero.
218. John Bayer's Invention? Utility of it? How befo,"e it was adopted r What remarll:
respecting tbe ligures on lIIaps and globes, and tbelr use? What remarRM. rae..
Ftaled? 1I14. Historlc&1 use of the constellations? llIuotratlons?

B.G. '1
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CHAPTER XVI.

NUMBER, DISTANCE AND ECONOMY OF TIlE STARS.

215. THE first conjecture in relation to the distance of the
fixed stars is, that they a.re all placed at an equal distance from
lhe observer, upon the visible surface of an immense concave
vault, which rests upou the circular boundary of the world, and
which we ca.ll the Firma/menl. We can, with the unassisted eye,
form no estimate of their respective distances j nor has the tele­
scope yet enabled us to arrive at any exact .results on this sub­
ject, although it has revealed to us many millions of stars tha.t
Rre as far removed beyond those which are barely visible to the
naked eye, as these are from us.

Viewed through the tele_ the henenl become quite another apectaclt>-not only
to the IlDdentandlng but to the 8enselr New worldl bunt upon the sight, and old ODU
expand to a thoosand time. their fonDer dimensions.. Several of those little stars ..bleh
but feebly twinkle on the an&ssl.ted ey~ become immense globee, with land and water,
mountains and valleys, encompassed by atmospheree, enlightened by mooDII and diver­
lifted by day and night, summer and winter.

Beyond thed~ are other BUDS, giving light and nre to other !lystems, not a thousand, or
two th(luland merely, tilt multiplied without end, and ranged all &round us, at immense
distaLceB h'om ea.ch other, at.tended by ten thousand times ten thousand worlds, all in
rapId motion i yet calm, regular and h&rmonioua-all space seema to be illuminated, and
every particle of Ught a world.

276. It has bten computed that om hundred millions of stars
which cannot be discerned by the naked eye, are now visible
through the telescope. And yet all this vast assemblage of suns
and worlds may bear no greater proportion to what lies beyond
the utmost boundaries of human vision, than a drop of water to
the ocean; and, if stricken out of being, would be no more
missed, to an eye thut could take in the universe, than the fall
of a single leaf from the forest.

We Ihould therefore learn, layl Dr. Chalmers, not to look on our earth"" the unlve.....
of God, but a8 a siDgle, insignificant atom of it; that It .. only one of the maDT maDsioDIJ
wlJich the Supreme Being hal created for the accommodation of hiB worshlpen; and
that. he may nt)'W be at work In regions more diltant than leometry' ever me&lR1l'ed, cno&'&­
Ing WQrl J. more mantrold than numbers eyer reckoned, dlspla7lDI his goodneas, and
.preading over aU the Intimate vilitatlonl of hie care.

277. The immense distance at which the nearest stars a.re
known to be placed, proves that they are bodies of a prodigious
size, uot inferior to our sunJ and that they shine, not by reflected
rays, but by their own native light. It is therefore concluded,

2711. What II the first conjecture al to tbe dlatance of the ltars' Oan We form no JU!I•
..timate' What laid of the heavens when aeen through a teleacope' 276. Wh,,1
oomputation .s to the number of stars invisible to the nated eye, but visible through
loI"sco~'Ce' b this probably the whole unlvene r Remark of Ohalmera , !17. lYlo,,·

1
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with good reason, that every fixed star is a sun, no less spacious
than ours, surrounded by a retinue of planetary worlds, which
revolve around it as a center, and derive from it light and heat,
and the agreeable vicissitudes of day and night.

The.e vast globes of light, then, could never have been designed merely to clift...!!')'
the voids of infinite space, nor to shed a few glimmering ray. on oW" far dl.tant world,
for the amusement of a few astronomers, who, but for the most powerluJ. telescope8, had
never seen the te-n thousandth part of them. We may therefore rationallY conclude, th.:
IMere<fJ61' the All~wi8e Creator has e:J:erted hlB creative power, tAttr. alia he has placetl
intelligent beings to adore his goodDe.s.

278. The greatest possible ingenuity and pains have been
taken by astronomers' to determine, at least, the approximate
distance of the nearest fixed stars. If they have hitherto been
unable to arrive at any satisfactory result, they have, at least,
established a limit beyond which the stars must necessarily be
placed. If they have failed to calculate their true distances
from the earth, it is because they have not the requisite data.
The solution of the problem, if they had the data, would not be
more difficult than to compute the relative distances of the
planets-a thing which any schoolboy can do.

10 estimating 80 great a distance as the nearest bed ltar, It III necellary that WI!
.:mploy the longest measu.re which astronomy can UBe. Accordingly, we take the whole
diameter of tRe earlh's orbit, which, in round -numbers, il 190 millions oC mUes, and
endeavor, hy a simple process in mathematics, to ascertain how many measurea of this
length are contalned in the mighty interval whIch sept'rates us from the stars.

The method of doing this can be explained to the apprehension of the pupil, If he doe•.
not shrink. from the illustration, through an Idle fear that it is -beyond his capacity.

For example; suppose that, with an instrument constructed for the ,purpose, we should
this night take the precise bearing or angular direction from us of BOrne at&r in the
northern bew.iBphere, and note it down with the most perfect exactness, and, having
waited just six months, when the earth ahaH have arrived at the opposite point of its
orbit, 190 millions of wiles east of the piace which we noW' occupy, we should then repeat
ODr observation upon the same llar, and see hoW' much it had changed its position by
OUI traveltng so great a distance one side of It. Now, it is eVident, that it it chan«es ita
apparent position at all, the tJIIllfUity of the change will bear some proportion to tbe
distance gone over; that is, the fUar81' the star, the gr~,. the angle; and the more
::u':dt..th~e.:~~;;:::..~,,~;~. It 10 to be observed, that the angle thuo four<i, I,

279. But it is found by the most eminent astronomers of the
age, and the most perfect ins~ruments ever made, that the paral­
lax of the nearest stars does net exceed the fow tho-usandth part
of a degree, or a single second; so tha.t, if the whole great orbit
of the earth were lighted· up into a globe of fire 600 millions of
miles in circumference, it would be seen by the nearest star only
us a. twinkling atom; and to an observer placed at this distarce,

f:,7e~~;:.a: th21~:a;h~~·e:~::r~o~~~~~!ne~:~~:;::!~~'t~:e:~~~r W~a:e.~w.e;
What necessary in estimating the distances of the stars' What measure taken' De
lCl"ibe the process of determining the distance of the .t&rll by parall<ukl. 1l19. Wh"
IS the parallax of the sb.1"I found to be, aud what follows u a consequence' W11at.
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our qn, with its whole retinue of planetary worlds, would o.:cul'}
s space IlCloI'Cely exceeding the thickness of a spider's web.*

U Ibe D_reIIt of \he bed ala.. are placed at aach IJiconcel1'able dlst&ncea In tb.
r8(lanl or ..ee. with .bat l1De .baU ... meuure th' diataDce of thOle wbleb are a \boo·
_ or a aaiIIiua ofU-.. mw:h farther from Ibem, .. IheIe Are from ... f

280. If the annnal parallax of a star were accurately knowll,
it would be easy to compute its distance by the following rule:

As the siue of the star's parallax :
Is to radius, or ninety degrees: :
So is the earth's distance from the snn :
To the star's distanre from the sun.

If we allow the anuual parallax of the nearest star to be 1II,

the calculation will be,
As 0.00000'8'81368=Nat, Sine of 1".
Is to 1.0000000000000=Nat. Sine of 90°,
So is 95,213,868.861148554=Earth's distance from the snn
To I9,651,621,683,'49=Star's distance from the sun.

In thia calcnlaUon we haTe &1IJ'POII"d Ibe earth to be placed at the mean dllllaDce of
H,on or ita own ..mI-dlamele.... or 96,213,968.5411_ mil.. from the lun, which malt..
the slar'l diatanco a "'rr DIUe I.. than I...nly billiona of mil... Dr. Hencbel I&ye
:hal S1r1... C&DJIoI be Dearer than 100,000 1_ Ihe diameter of \he earth'a orbit., or
,S,OOl,lSil,!lOO,OOO of miIeL

Biot, "ho either Iakealbe earth'a dialance~ than be \aye 1& down In hla TraUi
~wd'A-.-...~ or hu made an error In Ilgnrea, maltea the dl8­
tance 1IO,1ISCI,8IS,llS6,4M. Dr. Bre....ler malt"" it 1IO,lll11,6III,ooo,OOO mil... A mean of
the... co_tali...... la 1IO billio... ; thaI I&, 10 miUioaa or miIliOD& of mu"" to a parallax
of l".

Astronome.. are reneraI~asreed In the opinion that the annnal parallax of the ltanI
... I... Iban I', and coaaequenliy tbal the neareat of Ibem ia placed al a mnch grealer
dil&anC8 rrom as. than theBe caleuJaCions mdC U. It was, however. announced. lu 18SZ,
Ibll M. d'Aoaao, a .....nch utrooomer, bad aatiafaelorlly ""labliahed Ihe annual pAr&1\ax
orK~ (a &mall atar S' N. of Gamma Krldanl), CO be lI", tbal or Rig., in Orion, to be
1'.43, and Ibal of Bioi.. 10 be 1·.i4. If theae reanlta conld be relied on, Keid wonld be
bUI 10 billion., RIpI but 14 billion., aacllliri... IS biIlioD& of mil"" from the earth. Thia
latler distance I., however, &0 great Ibal, If S1r1... were 10 ran low&rd the earth at
Ibe rale of a million of miles a day, II wonId lake it rorly-three thoWlaDd, three hundred
Toan 10 l'1l&ch Ibe earth; or, If lbe "'lmiIh~were now to blot II 0"1 of the beavena, Ita
brilliance ....nld cODlin". unclimlni&hed in our hemlapbere for the apace of three y ......
to come•

• '" Joalld_ of the import of _ lerm, will~ " force aaclllllbllmi~to an expreo­
don of Sl. Jam.... which no power of worda eoaId improve. II'" aald, ch~pler L verae
Il, of Him from whom comelb down every po4 and pertloct lift, thaI there i... OVll; £11,

:rapaAAaY'l 1/ TP01rf/, atrOall;,aap4.n UlerallT, there la .. """""" parallaal ......
Mad_ ofcM"1l..... As \flbe a_tie bad aaid-Peradrenlure, that In traveling millions
and mUilon. of miles Ibroup the regiOD& of immen.lly, Ibere may be a aen.ible parallax
10 &Ome of Ibe bed .ta.. ; yet, u to the )'alber of Llgbl&, view him from whatever point
of bis empire we may, As U~parallam or aAadoar qfGo\aftg.1

then, of the _- dlalaDt It&nIf !SO. How ded"ce Ibe diatance of" ltar from III
paraUas, if known I Cco""put&tion laid down? Dr. Herscbel's remark r Blot'. estimate'
Dr. BreWBter'.' The mean of these three e~timateli' Are &stronomen acreed'" to th...•
wrallax of the ltan? M. d'A.ssM' complll&tio:l8 :lIld result. r
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281. The most brilliant stars, till recently, were supposed to
be situated nearest the earth, but later observations prove that
this opinion is not well founded, since some of the smaller stars
appear to have not only a greater annual 'parallax, but all
absolute motion in space, much greater than those of the bright­
est class.

282. It has been computed that the light of Sirius, although
twenty thousand million times less than that of our sun, is never­
theless three hundred and twenty-four times greater than that o~

a star of the 6th magnitude. If we suppose the two stars tc
be really of the same size, it is easy- to show that the star of the
Ilixth magnitude is fifty-seven and one-third times farther from U3

than Sirius is, because light diminishes as the square of the dis·
tance of the luminous body increases.

By the same reaooninllt m&.Y be Bbown, that If SlrlWl were plBCed where the sun Is, I
would appear to us to be four times as large as the BUD, and give four times .. much ligt:;
and heat. It Is by no means uareaeonable to sappose, that many of the llsed sta,..
exceed a mUllon of mues In diameter.

283. We may pretty safely affirm, then, that stars' of the
sixth magnitude are not less than nine hundred millions of millions
of miles distant from us ; or a million of times farther from us thar.
the planct Saturn, which is scarcely visible to the naked eye.
But the human miud in its present state can no more appreciate
such distances than it can infinity; for if our earth, which moves
at more than the inconceivable velocity of a million and a half
of miles a day, were to be hurried from its orbit, and to take the
same rapid flight over this immense tract, it would not traverse
it in sixteen hundred thousand years; and every ray of light.
althongh it mov,es at the rate of one hundred and ninety-t.hree
thousand miles in a single second of time, is more than one hnn·
dred and seventy years in coming from the star to us.

But what Ii even thl.. compared with that meuureless extent wtlch the discoveries of
th~ teleoeo!", Indicate' Accordlag to Dr. Herochel, the light of some of the nebulle, jus,
perceptible ,hrough his 40 feet telescope, must have been & mUllon of agel In cowing t)
the earth j and should any of them be now destroyeu, they would con tinue to be percep-
tiole tor & t:J111ion of ages to come. .

Dr. Her..."el laforms us, that the Ilu. which he W1ed would separate staro at 491 tlmeJ
the distance of SlrillS. .

284. It is one of the wonders of creation, that any phenomenc
uf bodies at such an immense distance from us should be percell'
tible by haman sight; but it is a part of the Divine Maker'!!

281. Former 8upposed relative distance of the most brllliant Itar.' Present opinloD,
..nd on what founded' 2S2. What computatloa as to the light of Sirius' What con­
dusion &8 to the d&llta~ of other star8' How, then, would he appeR.r if as near 81 00:
.un P What conclWlion &8 to the magnitude of the stars r 288. Distance of the siJ::tb.
llmgaltude stars? How mea.ured by the flight of the earth' or light? What further
tith.llate by Dr. Herschel l' 284. What remark respecting our knowledge of the _tan
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plan, that althoogh ihey do not act physically opon us, yet t~leJ
should so fRr be objects of our perccption, as to expand our idea"
of the vastuess of the universe, and of the stupendous extp'1l1
and operations of his omnipotcnce.

U With the.. fact. before nI," 1&1'1 an eminent utronomer and divine, U It lit most rea:­
JOnabIe &0 cooclode, that thOle expre••toDi in the Mosaic hl,tory of Creation, whkh
relate to the crea&;foD of the fixed stan, are not to be understood al referring to the tlm.e
when they were brought Into exlsteuce," If the,. bad been created about the lIame tim~

with 0111' earlb ; but .. limply doclarlne lhe fact, lbat, at wbalever period In durali"n
lobey were orealed,~ dmWMl IJInr~ from God."

285. "That the stars here mentioned" (Gen. i. 16), says a
distinguished commentator, "were the planets of our system,
and not the fxed stars, seems a just inference from the fact, that
after mentioning them, Moses immediately subjoins, 'And
Elohim set them in the firmament of the heaven to give light
upon the earth, and to rule over the day and over the night;'
evidently alluding to Venus and J npiter, which are alternately
our morning and evening stars, and which 'give light upon the
earth,' far surpassing in brilliancy any of the fixed stars."

However vast the mlTerse now appears, however numerous the worlds whJch may
exist within Ita boundle.. range, the language or Scripture, and Scripture alone, Is suffi~

cicntly cor.Jprehenaive aod sublime to expreM all the emotion. which naturally arise in
tJH~ mind wheD contemplating Itl structure. ThIs shows Dot on11 the harmoDY whlch
Bllb~ists between tho dlICoverles of tht; Revelation and the discoveries of Science, bUl
,,100 forml, by Uself, a ItrODS prOlumptive evidence, tbal lbe r..,ordB of lbe Bible aro
auUltmtic and dh1De.. .

286. We have hitherto described the stars as being immov­
able and at rest; but from a series of observations on double
stars, Dr. Herschel found that a great many of them have
changed their situations with regard to each other; that some
perform revolutions about others, at known and regular periods,
and that the motion of some is direct, while that of others is
retrograde; and that many of them have dark spots upon thei!
surface, and turn on their axes, like the sun.

287. ".A remarkable change appears to be gradually taking
place in the relative distances of the stars frbm each other in
the constellation Hercules. The stars in this region appear to
be spreading farther and farther apart, while those in the oppo­
site point of the heavens seem to close nearer and nearer together,
in the same manner as when walking throngh a forest, the trce::
toward which we advance appear to be constantly separatinp
while the distance between those which we leave behind is grr
dnally contracting.

by Illlht? How Ull we to uDderslaDd MOlel al to lbe time of the creaUoD of lbe llant'
2811. 'Wbat meant by the" Ilarl" mentioned Gen. I., 161 What proofP Remark res)JMt­
IlIg lhe Scripturel 1 286. How have lbe llars beeD delcribed bltherto 1 Wbal il the
(acl·1 9.81. Wbat el<>UDple cited 1 Whal astoDlobiDIl cODclulioD 1 •
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1'rom Ws appearalice It Is conclnded, tbat the snn, wltb all Its retinue of planutary
\l'orldB, la moving thro\agb the regtonlof the unlvene, toward some dbtant center, or
Hl'ound lome wide circumference at the rate of near thirty thoua&nd mUel an hour; and
that it is therefore bigWy probable, If not absolute!7 certaJ.n, tbat we sball neTer occupy
tbat portion of~ BJJ<Ul'l, througb wblcb we are at this moment passing, durlnll
wi the eucceedlng ag.. of eternity.

288. The direction of the Sun's motion is towards the constel­
lation of Hercules j R. A. 2590

; Dec. 350
• This 'I'tlocity

in space is estimated at 8 miles per second, or 28,000 miles
per hour. His period is about 18,200,000 years j and the
arc of his orbit, over which he has tI;aveled since the creation
of the world, amounts to only about nJnth part of his orbit, or
abC/ut or minutes-an arc so small, compared with the whole, as
to be hardly distinguishable ~rom a straight line.

With this wonderful fact In view, we may no longer consider the snn ubed and sta­
t1onlU'7, bnt rather &I a TaIIt and lumlnoWl plaAMt. sWltalnlng the l&DIe relation'" some
central orb th"t the prlm&r7 planets sustala to blm, or that the aecondarles sWItala to
tbelr primaries. Nor Is It aecesaal7 that the stopeadoWl mecbanlsm of oatore sboa.ld be
restricled eYeD to these sublime proportion.. TIleJlua's central body may a1Io have III
orbit, and Its center of attraction and motion, and 10 on, WI, AI Dr. Dick: obBenea, we
come to the great center of all-to the mao... 0. Goo I

Professor Midler, of Dorpat, 10 Bual", bas receatly aaaonneed as a dIsoovery that
''1e star .Alcl'0lW, oae of the seven stan, Is the CMIUr aronnd wbhlb the sun and solar
H.1ltem are revolving_

289. Dr, Dick, the author of the CHRISTIAN PHILOSOPHER,

cndeavors to convey some idea of the bonndless extent of the
universe, by the following sublime illustration :-

"Suppose that one of the highest order of intelligencell is
eudowed with a power of rapid motion superior to that of light,
and with a corresponding degree of intellectual energy; that he
!las been flying without intermission, from one' province of crea­
tion to another, for six thousand years, and will continue the
same rapid course for a thousand million years to come, it is
highly probable, if not absolutely certain, that, at the end of this
vast tour, he would have advanced no farther than the' snb­
urbs of creation,'-and that all the magnificent systems of mate­
rial and intellectual beings he had surveyed, during his rapid
flight, and for such a length of ages, bear no more proportiou to

- the whole empire of Omnipotence, than the smallest grain of
sand does to all the particles of matter contained in ten thousand
worlds."

Were a seraph, In proleeutlng the tour of creation In the maDDer noW' Btated, ever tu
arrive at & limit beyoud wblcb 00 farther displays of the DiTinlty coald be perceived, the
thought would overwhelm his faculties with unutterable emotions; he would feel that he
had noW', 10 some me&8ure, comprehended all the plans and operationl of Omnipotence,
and that no farther manifestation of the Divine glory remained to be explored. But w{

nUtY rest a ••ured that this can never happen in the case of any created intelligence.

289 The direction and velocity of the lun T Period? Arc of orbit passed over 8f.QC~

,. ....:~!ion? How, Ulen, Ih('luld we consider the !iUD? View of the universo! Dilcovel7
of I':vfo-,sor )Iadler r lI88. Dr. Dick's Illustration. r
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290. There is, m,'reover, an argument derivable from tl.e
laws of the physical world, that seem~ to strengthen, I had
almost said, to confirm, this idea of the Infinity of the material
universe. It iM this-If the number of stars be finite, and
occupy only a part of space, the outward stars would be con­
tinually attracted to those within, and in time would unite in
one. But if the number be infinite, and they occnpy an infinite
space, all parts would be nearly in equilibrio, and consequently
each fixed star, being equally attracted in every direction, would
keep its place.

No wonder, then, that the Psalmist W'a. 10 a1l'ected with the idea of the ImmenSity of
lhe untvene, that be .eema almost afraid led he should be overlooked amidst the immen­
idty of beinga that must. need. be under the superintendence of God; nor that an..,. finite
lDortal ohould exclaim, when conlemplatiDg lbe beaveno--" Wb"t ill man, tbat THOU
art. mindtw of him I"

CHAPTER XVII.

FALLING, OR SHOOTING STARS.

291. THE ph,moUlenon of shooting stars, as it Is called, is com­
won to all parts of the earth; but is most frequently seen in
tropical regions. The unerring aim, the startling velocity, and
vivid brightness with which they seem to dart athwart the sky,
and as suddenly expire, excite our admiration j and we often
Bilk, "What can they be 7"

But frequent as they are, this interesting phenomenon is not
well understood. Some imagine that they are occasioned l,y
electricity, aud others, that they are nothing but luminous gas.
Others again have supposed, that some of them are luminous
bodies which accompany the earth in its revolution around the
sun, and that their return to certain places might be calculated'
with as much certainty and exactness as that of any of the
comt'ts.

292. Dr. Burney, of Gosport, kept a record of all that he
observed in the course of several ycars. The number which he
noticed in 1819 was 121, and in 1820 he saw 131. Professor

290. 'VlIat argument suppo~ed to favor the idea. of a bowndlmfl unlvene? Allusion toe
the Psalmist P 291. 'Vhere are shooting stars m~t common P Are they well under
stood P What theorif:s stated f 292 f>r. Burney'. record' Proressor Green's opinion?
Slgnior Baccaria's opinion, and bis r(..••SOUIi for it"
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Green is confident that a much larger number are annually seen
in the United States.

Signior Baccaria supposed they were occasioned by electricity,
and thinks this opinion is confirmed by the following observa­
tions. About an hour after sunset, he and some friends, that
were with him, observed a falling star directing its course directly
toward them, and apparently growing larger and larger, but just
before it reached them it disappeared. On vanishing, their
faces, hands, and clothes, with the earth and all the neighboring
ohjects, became suddenly illuminated with a diffused and lambent
light. It was attended with no noise. During their surprille at
this appearance, a servant informed them that he had seen a
light shine 3uddenly in the garden, and especially npon the
streams which he was throwing to water it.

The Slgnlor "Iso observed a quantilT of electric matter coilect aboat hll kite, whlcl:
h"d very mach the appearance of a failing Itar. Sometimes he saw a kir.d of bale
accompanying the kite, as II changed Ito place, 100vini lome g\lmmerinl of UBht In tIl~

place it had qUitted.

293: Shooting stars have been supposed by those meteorolo­
!!,ists who refer them to electricity or luminous gas, to prognolr
ticate changes in the weather, such as rain, wind, &c. j and there
is, perhaps, some truth in this opinion. The duration of thc
brilliaut track which they leave behind them, in their motion
through the air, will probably be found to be longer or shorter,
according as watery vapor abounds in the atmosphere.

The notion that this phenomenon betokenl high winds, II of great antiquity. Virgil
lD the first book or his Georgie., expresleB the lame Idea:-

.. &epe etiam atella! vento tmpendente vldebt.
PrEcipites crulo Jabi; noctisque per nmbram
Fl~mlDarum l(.lhgof!' a tergo albescere tractus."

" And ort, before tempestuous winds arlie,
The seeming atars ran headloDA' from tbe side.,
And shooting throul.'h the darknes., gild the night
With Iweeping gloriel and long traUs of light."

294. The nnmber of shooting stars observed in a single night,
though variable, is commonly very small. There are, however,
several instances on record of their falling in "showers "-when
every star in the firmament seems looseued from its spherc, and
moving in lawless flight from one end of the heavens to the
other.

As early as the year 4'72, in the month of November, a phe­
nomenon of this kind took place near Constantinople. As 'rheo-

293. 'Vhat are they llUpposed by lome to prognosticate 'P 'l\llat other anchmt notion'
Po~tic quotation' 294. What !laid of the number of shooting star. 'P What inShl.DCt,.'
A .. n: or· ork ~}:("Vcnl" clt(~o"

1*
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phanes relates, .. the sky appeared to be on fire," with the corUrl
cations of the fiying meteors.

A shower of slars exactly similar look place In Oanada. between the 8d and 41h o!
.July, 1814J and another at Montreal, in November, 1819. In all these cases, a residuum,
nr black aUNt, Wa! deposited upon the Iurfaee of the waterR, and upon the roofs of build­
Inp. and oc.her object.s. In the year lSlO, u inflamed 8ubst.aDces," it is said, f~ll into,
and around lake Va.D, in .-\rwtmill,-which stained the water of & blood color, and cleft
tbe earth in various pli&ces. On the 6ttl of September, 1819, a like phenomenon was seer
In Morana. Uh,tory furnishes 01&111 more instances of meteoric Bhowerll, depoeiting a
rod duot In 80me places. 80 plentiful as to ailmlt of chemical analysis.

295. The commi~sioner (Mr. Andrew Ellicott), who was sent
out by our government to fix the boundary between the Spanish
possessions iu North America and the United States, witnessed
a very extraordinary fiight of shooting stars, which filled the
whole atmosphere from Cape Florida to the West India' Islands.
'fhis grand pl)enomenon took place the 12th of November, 1799,
aud is thns described :-" I was called up," says Mr. Ellicott,
" about 3 o'clock in the morning, to see the shooting stars, as
they are called. The phenomenon was grand and awful. The
whole heavens appeared as if illuminated with sky-rockets,
which disappeared only by the light of the sun, after daybreak.
The meteors, which at anyone instant of time appeared as
numerous as the stars, fiew in all possible directions except from
the earth, toward which they all iuclined more or less, and some
of them descendl'li perpendicularly over the vessel we were in, so
that I was in constant expectation of their falling on ys."

Mr. Elllcott further states that. hla tbennometer, which had been at 80· Fahr. for the foU!"
days preceding, fell to 66- about 4 o'clock, A. M.t amI that nearly at the lame time, the
wind changed. from the south to the nodbwe8t, from whence it blew with gre~t violenCe....
for three days without Intermission.

TheBe Bame appearance II were observed Ute same night at Santa Fe de Bogota, Cct.­
malJ&, Quito, and Peru, in South America; and 0.8 far north al Labrador aod Greenland,
extending to Wt:'hnar in Germany, bdng thus vitiible OYer an extent on the globe of 64-
of latitude, and 94" of longitude. .

'fhe celebrated Humboldt, accompauied by M. Bompland,
then in S. America, thus speaks of the phenomenon :-" Toward
the morning of the 13th of November, 1799, we witnessed a
must extraordinary scene of shooting meteors. Thousands of
lJolides, and falling stars sncceeded each othel' during four hours
Their direction was very regular from north to sonth. From
the beginning of the phenomenon there was not a space in the
firmament, equal in extent to three diameters of the moon,
which was not filled every instant with bolides or falling stars.
All the meteors left luminous traces, or phosphorescent bands
hehiud them, which lasted seven or eight s~conds."

1I9I'l. What rh.nomenon described by Mr. Ellicott? When and nere?
LlJermlJmeter Wbtre elae oDlerved, amI by whom'

J:1J-,.., on hit'
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T .'Ut' pI: erJ..menon was w1tneued by the Capuchin milsionary at San Fernando de
A8ur&., a village situated in lat. 1° :>8' 12\ amidst the savannahs of the province of

.Varina::!: by the Franciscan monks stationed near the cataract.ll of the Oronoco, and a'
\1a.rca, On the banks of the Rio Negro, lat. 2° 40', long. TO- 21', and in the west of Bruil,
'1..3 far as th~ equator itselfj and also at the city or Porto Cabello, lat. 10· 6' 02'", in French
Guiana, PopRyan, Quito, and Peru. It is tom,,"what surprising thll.t the same appearance_,
)b~erved in places 90 Widely separa.ted, amid the vas: and lonely deserts of South
\merka, should have been seen, the same night, in the \.Jutted States, in Labrador, in
Greenland, a.nd at Itterstadt, near Weimar, in Germany I

296. Weare told that thirty years before, at the city of
Quito, "there was seen in one part of the sky, above the volcano
of Cayamburo, so great a number of falling stars, that the moun­
tain was thought to be in flames. This singular sight lasted
more than an hour. The people assembled in the plain of Exida,
where a magnificent view presents itself of the highest summits
of the Cordilleras. A. procession was already on the point of
setting out from the convent of St. Francis, when it was per
ceived th1l.t the blaze on the horizon was caused by fiery meteors,
which ran along the sky in all directions, at the altitude of 12
or 13 de~rees." . .

297. But the most sublime phenomenon of sho,)ting stars, of
which the world has furnished any record, was witnessed through­
out the United States on the morning of the 13th of November,
1833. The entire ex-tent of this astonishing exhibition has not
been precisely ascertained, bllt it covered no inconsiderable por­
tion of the earth's surface. It has been traced from the longi­
tude of 61 0

, in the Atlantic ocean, to longitude 100 0 in Central
Mexico, and from the North American lakes to the West Indies.
It was not seen, however, anywhere in Europe, nor in South
America, nor in any part of the Pacific Ocean yet heard from.

Everywhere, within the limits above mentioued, the first
appearance was that of fireworks of the most imposing grandeur,
covering the entire vault of heaven with myriads of fire-balls,
resembling sky-rockets. Their cornscations were bright, gleam­
ing and incessant, and they fell thick as the flakes in the early
snows of December. (See cnt on the next page.)

To the splendors of Ulis celestial exhibition, the most brilliant sky-rocketo and IIr.
works of art bear lesl relation than th·.' tWinkling of the mOlt tiny ltar to the broad
flare of the Bun. The whole heavenlgeemed in motion, and Buggelted to some the awful
grandeur of the image employed in the apocalypse, upon the opening of the si:s:th seal,
when u the stara of heaven fell unto the earth, even &9 II fls·tree calteth her untimely
Jlga, when she is Bhaken of a mighty wind."

298. One of the most remarkable circumstauces attending
his display was, that the meteors all seemed to emanate from

100. What other similar phenomenon cited? 297. WI,.t still mOl·e sublime spect.'WIl"'
11:1 extent? Ito appearance?
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one and thesame point, a little southeast of the zenith. ~'onow
iog the arch of the sky, they ran along with immense velocity.
describing, in ~omtl instanees, au arc of 30" or 400 ill a few

"_0 880.... 01' .0'1'...... 1888.

seconds. On more attentive ioapection it was seen, that th~

meteors exhibited three distinct varieties; the first, consisting
of plwsplwric li·leS, apparently described by a point j the sewnd,
of large fire-balls, that at intervals darted along the sky, leaving
luminous trains, which occasionally remained in view for a nnm­
ber of minutes, and, in ~ome cases, for half an hour or more j

the third, of undefined liUILi1WUS bodies, which remained nearly
stationary in the heavens for a luug time.

Those of the flrst variety were the most numerous, anll resembled a shower of fler1
!-DOW driven with inconcelvitbl~ velocity to the north of west. The second kind appea.red
more JikejblUn.q atars-a. spectR.cle which was contemplated by the more unenlightened
beholders with great atoaz~m\'nt and terror. The tru.ins which the"leR were commonlY
,,.hltt'., hut sometimes werc tinged with various prismatic colors, of great beaut7.

299. These fire-balls were occasionally of enormons size. Dr.
Smith, of :Kort.h Carolina, describes one which appeared larger
than the full moon rising. "I was," says he, "sta.rtled by the

291 \Vhat remarkable circllmstanC( I\ttended this phenomenc.nf Varlel10t meWorrif
.119 'l'I..t ."Irl or the Oreball...eelll or their .I""r

Coogle
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splendid light ill which the surrounding scene was exhibited, ren­
dering even s!lluU objects quite visible."

The lame ball, or & simi1:&r onu,
8~en at New Havt:n, pl\~tlefl otT io a
northwest direction, aod explodetl a
little northward of the star Capella,
I"avlng, just behind the place of
explosion, a. trh.in of pecultar beauty.
nit' line of direction was at ftrst
nearly straight; but Jt soon began to
contrnct in length, to dilate in breadth,
and to aasume the figure of a l'erpen'
SCROlllXG itself up, until it appeared
like R luminous cluufl of vapor, floa'·
Ing gracefully In the air, where U
remaint:d ir full View for severlLl
utinutP.8.

If this body were at the distance of
11u mites from the observer, it mus&
havE' bad a diameter of oDe mile; if
at t118 distance' of 11 miles, Its cJiame- .. u.aa• ...-,a.
rer Was 628 feet; and if only ODe mile
olr, tt must have been 48 feet In diameter. Th.... "lalderatlon. leave no doubt tbn!

• many at the meteors were bodies of larg• ....

300. Of the third variety of meteors, the following are remark­
able exan~ples :-At Poland, Ohio, a luminous body was dill­
tinctly vit;ible in the northeast for more thar, an honr. It was
very brilliant, in the form of a. prunin{l:-hook, and apparently
twenty feet long, and eighteeu inches broad. It gradnally
settled toward the borizon, until it disappeared.

At Niagara Falla, a iarge lumlaoua body, shaped like a 1Ifl'IMM" lab'" '11'&1 .een aear
the lenlth, remaining for 10m. lime almost stationary, emitting large streama of light.

301. The point' from which the meteors seemed to emanatE,
was observed, by those who fixed its position among the stars,
to be in constellll.tion Leo; and, Il.ccording to their concurrent.
testimony, this RADIANT POINT was stationary among the stars,
dnring the whole period of observation; that is, it did not move
n.long with the earth, in its diurnal revolution eastward, but
accompanied the stars in their apparent progress westward.

A remarkable cha"'f/' 0/ tc6atJ.",-, from warm to cold, accompanied the meteorlo
rhower, or immedlatel;, followed 1:. In aD parll of the United States, tbls chang. was
remarl<able for Ita suddenaess al1d lotensity. In many places, the day precediog had
been U"lusua1l1 "arm tor th6 Beuon, bul, before &he next morning, a aeTere frosteosued,
""paralleled for the lime of year. •

302. In attempting to explain tlwse mysterious phenomena, it
is argued, in the first place, that tM. mdeorB had their origi'TI
btyO'Tld tM. li·mits of our atmosphere; that they of eonrse did not
belong to this earth, but to the regions of space exterior to it

800. What other nrlety of meteors de""ribed? Wbere? 801. Point from whIch
.hey seemed to emanate? What chang. of wcather tollc '·ed ? 8011. What tact ass.rllle!
u to the dt.Jda~ (rom which tho., mettsOT! came PrllrClsor Olmlted's elltt.ma.te ot
il.IIRCe'

Coogle
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Thb rea!lon on which tht: conclusion is founded iJ this :-.-\11 bodies near the eart!..
\ncludinK Ihe atm"lIphcre Itself, han! a COlUlUOn motion with the earth nroullIl its axil!
Irom west to ea:tl; but the rudiCl1tt poillt, that indicated the source from which the
meteo Til l'l11lt.natcd, roll(}w~d the cuurse of the lllaTij froUl t'alit to Wt!b"'t i therefore, it Wall
lndtpp.IHlent or the earth':t rutation, and consequently, at a grt>at distance from it. ana·
beyoud tJJC limits uf the atmosphere. The Iki"h.t of the meteoric cloUd, or radia.nt puint,
above tht' earth's surfact', was, accurdihg to the mean average of Professor Olmst~d'd

Observations, liol lesB than 2'28S Uli1P.~.

303. That the meteors were constituted of very light, comuus­
tiblc materials, seems to be evident, from their exhibiting the
actual phenomena of combustion, they being consumed, or cou­
verted into smoke, with intense light; and the extreme tenuity
of the subs~ance composing them is· inferred from the fact that
they were stopped by the resistance of the air. Had their quan­
tity of matter been considerable, with so prodigious a velocity,
they wonld have had sufficieut momentum to dash them upon
the earth j where the most disastrous couscquences might have
followed.

The momentum of even lIR'ht bodies of lucb sise, and In !!loch numbers, traversing the
atmospllere wHh lIoch 3stonbl:hlng vdocity, must ha.ve produced extensive derangements
In the atDlospherlc equilibrium. Cold air from the upper regions would be brought down
to tht' earth; the portions or air incumbent over districts of COlla try remote frow eacla
othu. bt:ing mutuaUy displaced, 'Would exchange places, the air of the warm latitudep b..
traDlJferred to colder, and that of cold latitudes to W'umer regions.

304. Val"ious hypotheses have been proposed to account for this
wonderful phenomena. The agent which most readily suggests
itself in this, and in many other nnexplained natural appearances,
is electricity. But no known properties of electricity are adequate
to account for the production of the meteors, for their motions. or
for the trains which they, in many instances, left behind them.
Others, again, have referred their proximate cause to magnetism..
and to plwsphureted hydrugen; both of which, however, seem to
bo utterly iusufficient, so far as their properties are known, 10
account for SI) uilUsual a phenomenon.

305. Professor Olmsted, of Yak College, who has taken nlUch
pains to collect facts, and to establish a permanent theory for
the periodical rp.currence of such phenomena, came to the con-
clusion, that- .

The meteors of N01)ember 13th, 1833, em.am.ated from. a m!n.uous
body, whick was then pursuing its way along with tlu earth arourul
tlu sun; that tll,is body continues to rf!:l;Oll,e arourul flu sun, in an
uliptiml orbit-but littk inclined to tlu pla'M of tlu ecliptic, an«
luLl.-ing its aphelion near tlu orbit of tlu earth; arul finally, tlui.1

~. Supposed composi tton of these weteors? 'Yhy P 804. HypOtheses for explaulo
"fig phenomenon f Are they aatidactoryl' 1:105. Professor Olmsted'. cODcluiliolJ;
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Ihe bod,!! has a period of nearly six months, and that its perih.elw11
IS IL little beloU' tlte orbit of 111erClLr'!l *

This theory at least accommoda.t~:s i~df to the remarkable fact that almost all the
phenomena of this descriptioIf, which are known to have happened 'ha.ve occurred in the
two opposite months of April and November. A similar eJ:hibitiol~ of meteors to that of
November, 1833, was observed on the same day of the week, April 20th, 1808, at Rich~
mond, Virginia i Stockbridge, Massachu8t}ttB; and at Halifax, in British America. Another
was witnessed in the autumn of 1818, in the North Sea, when, in the language of the
observers, U all the surrounding atmosphere WaS enveloped in one expa.nsive sea of tire,
exhibiting the appearance of another Moscow, in tlames."

• .After the first edition 0/ thill work went to prellll, the autlwr tDa.t/ p<JlUdg fur­
nished, b1J Pro/elisor Olmsted, with thefoUou1ing comm....i<Jation.

"1 am hapPT to hear that TOU propose to stereot;ype TOur' GeographT of the Heavens
It;~ done much, I believe, to di1fuse a popular knowleuge of astronoD1T1 and I am pleased
t.hat your efforts are rewarded by an extended patronage.

" Were I now to express ml' views on ~he suQj~ct (Meteor:k SJwwer8) in as condensed
• fonn as possible, I should state them in some such terms as the following: The meteoria
wowers which have occurred for several years past on or about the 18th of November,
are characterized bl' four peculiarlUe8, which distinguish them from ordinary shooting
stars. l!'irst, thel' are far more nwnerous than common, and are larger and brighter.
Secondly, they Brc. in much greater proportion than usual, accompanied by luminous
trains. Thirdly, th~y moslly appear to radiate from a common center; that is, were
tllcir paths in thp. heavens traced ba~kward, they would meet in the same part of the
heavens: this point has for three years past, at least, been situated in the clJnstellation
Leo. Fourthly, the great€'9t displey is everywhere at neal'ly the same time of night,
namely, from three to four o'clock-a t!we about half-way from midnight to sunrise, The
meteors are Inf~rred to consist of comlJlU!tiN~ matter l because they are seen to take Bru
and burn in the atmosphere. They aTe known to be· vel'Y light) because, althougb they
fall toward the earth·with immense velocity, few, if any, ever reach the eart;~1 but are
arrested by the all', like a wad fired frolD a. piece of artillery. 80me of them are inferred
to be bodies f)f comparatively (/"ctd Biee, amounting in diameter to several hundred feet,
at least, because they are seen undel' &0 large an Bngle, while they are at a great di~tance

Irom the epectator. Innumerable small bodies, thus consisting of e:s:tremely light. thin,
combu8tible matter, existing together in space far beyond the limits of the atmosphere~

are belleved to compose a body of Immense e:s:tent, which haa been called ~ the nebullJ'ls
bodT.' OnlT lhe skim or extreme portions of this are brought down to the earth, whUe
Ute entire extent occupies many thousands, and perhaps several millions of miles. Thi»
nebulolls body is inferred to have a revolution arou;J,d the SUD, a8 weU as the earth, Illld
to come very near to the latter about the 18th of November each year. This annual
mectiul: every year, for several years in luccession , clJuld not take place unlesg tht:
periodic time oCthe nebulous body is either nearly a year, or ha.lf a. year. Various rea­
60DS l'avc induced the belief that half a year Is the true period i but this point is con­
siderod somewhat doubtful. The zodiacal light, a faint light that appears at dill'erenl
s~fUlons of the year, either immediatel,. preceding the morning or follOWing the evening
t1fi~~I~ht, ascending from the sun in a triangular form, Is, willi some degree of probability,
tllO Jght t" lit: the nebular body itself, although the existence of such a ~y, revolving
lr. 1 le solar system, was inferred to be the cause of the meteoric showt""s, before any
COD nectioll of it with the zodiacal light was even thought of!'

W!·J: "'h:II rcyw\,.k"ble fact li/)ce his theory accor,1? ~uh~tl1nC':(' ofleottcr from l"roft'n~OI

O,lll-·Io-d'·
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306. Exactly Om! ye.-zr prtl7iow to the great pLellomenoD of
1833, uamcly, 011 thc 12tn of November, 1832, a. similar lUflteoric
display was secn Ilcar ,1Iocka, 011 the Red SM, by Capt. Ha.lL·
moud and crcw of the shiV RClltitlltioD.

A gentleman in &JuII, Carolina thus de.crlbe. the ell'ecl 01 lhe phenomenon of 183-~.

Ipon hi:!! ignorant blMockl : U1 wall Buddeuly awa.keneo by the most diltrep.ing erie. thai.
eVt:r fell Oll my ellrll. 8hrlekJ or horror, ami cried of mercy, I could hear from most 01
the Degroes oC three plil.nLatioDB, amountillg in all to about sis. or elgh, hundred. While
earne.tly li1lteniog for the cause, 1 heard a rain t Doillt!l near tbe door calling my name i
1 arolle, lind t"klllg my uroed, Itood at the lIoor. At thia moment, I heard the S&nJ(
,.-olce ltill bt:l!I"!cching 10e to rise, BDd laying, ~ 0, Iny God, the world is on flre I' I tbf~n

opened the door, aDd ~e i. 'lltD.cll1t to .ay which e.xdte4 me lDust.-ehe awfulneu of Un
t'Centl, or tbe distressed erie. of the Degroe.; upward of ODe hundred lay proatrate on Wll'
ground~ome .'"'echle.... and lOme witb tbe bittere.t erle" but moat with their hand,
tal.ed t imploring Uod to Have the world aDd them. The .cene w". truly aWlul; fe,
lever did rain fall much thick.er 1 chan tiltS meteon feU toward the earth; eut, ... :ail

,_o_rt_h._.._n~~utht ie Wu__lb_e_""_nl_e_I_" _

806. Whal .imllar meteoric .hower re!erred &0 r D....rlp&lon of &hal of 1II0yem;'cJ
IBl, and 1&8 .:factl upon cut&ln penIODII r



PART II.

rHE SOLAR SYSTEM.

CHAPTER I.

GENERAL PHENOMENA OF THE SOLAR SYSTEM.,
mSTORY, &0.

307. OUR attention has hitherto been directed to those bodies
which we see scattered everywhere throughont the whole celes­
tial concave. These bodies, as has been shown, twinkle with 90

fllddish and variable light, and appear to have always the surne
position with regard to each other. We know that their nU:TI·
her is very great, and that their distance from us is immeuaur­
able.

We are also acquainted with their comparative brightnels, and their situation. In a
word, we have before us their few visible ap]Jearances, to which our knowledge ot them
ill wt'l1.nigh limited.; almost all our reasonings in regard to tht"m being founded on con.­
paratitvely ft::w and uncert,.ln analogiel. Accordingly, our ch1""f busine88 thus far has
been to detail their number, to describe their brightness and positloDs, and to give the
name. by ..hieb tbey !lave been designated.

308. There now remain to be considered certain other celes­
tial bodies, all of which, from their remarkable appearance ann
changes, and some of them from their intimate connection with
the comfort, convenience, and even existence of man, mnst havo
always attracted el'pecial observation, and been objects of the
most intense contemplation and the deepest interest. Most of
these bodies are situated within the limits of the Zodiac. The
most important of them are, the SUN, so superior to all tho
heavenly bodies for its apparent magnitude, for the light and
heat which it imparts, for the marked effects of its changes of
pOBition with regard to the Earth; and the MOON; so couspicu­
ous among the bodies which give light by night, and from her

807. Sulijeet or Part n.' or our investlgatiun, hitherto? HolV distingnished? 'lheh
DllClbt:r, diJIlance, A:c. P What has been our cl\ier business thus CarP 808. What no,\
reID'l.IUi to be cODsidered P HoW' situated P Which tht.' ron!!t ·important of them'
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soft and silvery brightne88, so pleasing to behold j remarkabh:
not only for changes of position, but for the varied phases or
appearances w~ich she presents, llS she waxes from her crescent
form throug-h all her different stages of increase to a full orb,
snd wanes lmck again to her former diminished fignre.

309. The partial or total obscuration of these two bodiell,
which sometimes occurs, darkness taking place even a.t mid-day,
and the face of night, before lighted up by the Moon's beams,
being suddenly shaded by their absence, have always been among
the most striking astronomical phenomena, and so powerful in
tl1eir influence upon the beholders, as to fill them with perplexity
and fear.

310. If we observe these two bodies, we shall find that,
besides their apparent diurnal motion, across the heavens, they
exhibit other puenomena, which must be the effect of motion.
The Sun during one part of the year will be seen to rise every
day'farther and farther toward the north, to continue longer and
longer above the horizon, to be more and more elevated at mid­
day, until he arrives at a certain limit j and then, during the
other part, the order is entirely reversed.

311. Again j if the Sun's motions be attentively observed, he
will be found to have another motion, opposite to his apparent
diurnal motion from east to west. 'l'his may be percei¥ed dis­
tinctly, if we notice, on any clear evening, any bright star which
is first visible after sunset, near the place where he suuk below
the horizon. The following evening, the star will not be visible
on account of the approach of the Sun, and all the stars on the
east of it will be successively eclipsed by his rays, uutil he shall
have made a complete apparent revolution in the heavens.
These are the most ohvious phenomena exhibited by these two
bodies. .

312. The Moon sometimes is not seen at all j and then, "hen
she first becomes visible, appears in the west, not far from the
setting Sun, with a slender crescent form j every night she
appears at a greater distance from the setting Sun, increasing in
size, until at length she is found in the east, just as the Suu is
siuking below the horizon in the west.

313. There are also situated within the limits of the Zodiao
c('rtain other bodies, which, at first view and on a superficial
examination, are sl'arcely distinguishable from the fixed stars

309. ,","hat said of their ubscuration? 810. Of their motions? 811. Has the EW1:
lln ili lnrt'JJt ca~tw:lrd motion? 812. 'Vhllt said of the :&loon's motions and pb&lte,;.- r
k~1~. Wlm( ulhe.· hndies and tll~lr motiollsf 'Vhat called. llnd why'



I'HENOMEN.4 OF THE SOLAIl SYSTEM. Iti5

But, observed more attentively, they will be seen to shine with
It. milder and steadier light, find, besides being carried round
with the stars, in the apparent revolution of the great celestial
concave, they will seem to change their places in the concave
itse~f. Sometimes they are stationary; sometimes they appeai'
to be moving from west to east, and sometimes to be going back
again from east to west; being seen at sunset sometimes in the
east, and sometimes in the west, and always apparently changing
their position with regard to the earth, each other, and the
other heavenly bodies. From their wanderiug, as it were, ir
this mallller through the heavens, they were called by the Greek:;
TrAav1jTat, planets, which signifies wamderers.

SU. There also sometimes appaar in the heavens, bodies of a
very extraordinary aspect, which continue visible for a con!>idera­
ble period, and then disappear from our view; and nothing more
is seen of them, it may be, for years, when they again present
themselves, and take their place amonJ the bodies of the celes­
tia.l spht:re. They are distinguished from the planets by a dnll
and cloudy appearance, and by a train of light. As they
approach the sun, however, their faint and nebulous light becomes
more and more brilliant, and their train increases in length
uutil they arrive at their nearest point of approximation, when
they shine with their greatest brilliancy. As they recede froUl
the Sun, they grad.ually lose their splendor, resume their faillt
and nebulous appearance, and their train diminishes, until they
entirely disappear. They have no well-defined figure; they
seem to move m every possible direction, and are found in every
part of the hll;wens. Prom their tmin they were called by the
Greeks lCO.U.1J ~at, C01ll.elS, which signifies bearded, or having
lotlg hair.

The causes or these various phenomena must have early cODstltuted a very natural
IUlQect or inquiry. Accordingly, we sha.ll find, if we exa.mine the hIstory or the SCience,
thaI. in very early times there ,..t're many speculationlJ upon tma IUlljt'ct, and that diJJ'~r­

eDt theories were adupted to account for tl1ele celestial appearance•.

S15. The Egyptians, Cha.ldeans, Indians, and Chinese, early
possessed many astronomical facts, many observations of impor­
tant phenomena, and many rules and methods of astronomical
calculation; and it has been supposed, that they had the ruins
of a great system of astronomical science, which ill the earliest
a.ges of the world had been carried to a great degree of perfec­
t.ion, and that while the principles and explanations of t~e phe-

314. An,. olber bodle. described? How dIstinguished , Wh~t called, and why' Is II
prouable that tllese phenomenA were early ohservcd? 81j. 'Vhat said of the Egyptians
Chalde&DI, k.P Of th., Chiutlst: in p~rth:oI1.LrP or the IIJlJia.us d.nd Ch"ld(~.U1S!
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nomena were lost, the isolated, unconnected facts, rules of ealen
lation, and phenomena themselves, remained.

Thu•• the Chlneoe, who. II I. gen.rally agr.ed, po••••• Ih. old••t authentic ob.........
tloDlon record, have recorded in their annall, .. conjunction of tlve pl.neta at the samo
lime. whlcb bappened 24tH )°o&n before Ohrl.t. or 1UO years beforelhe 1I00<!. B;y mathe­
matical calculation, it ts &Ict:rtained that this conjunt'UnJl really occurred at that time
The first obaervatlon of a solar eclipse of which the 'WorN. bas any knOWledge, w&s made
by the Chlnele, 2128 yean before Chrilt., or 2iO yean ar~r the deluge. It 8eem., al80,
tbat the Chinese undentood the method of CAlculating ecllples; for, it i8 said, lbat the
eUlperor W&8 so irritated agulnlt the great ofllcen of state for neglecting to predict tht'!
ecUp.e, that he caused them to be put to death. The Chinese ha.ve, frorn time Imme­
morial, con8idered Solar Ecllple8 aDd coojUDc~ioDI of the planets, a8 prognostics of
importance to the Empire, and they have been predicted as a matter of state policy.

The astronouclcal epoch of the Chin.... according 10 BaUiy. commenced with I'ohl,
their first emJK.ror, who flourished 2969 ye&rl before the ChriJIttan era, or about 850
,ears before Ule deluge. If it be asked how ~he knowledge of this antediluvia'1 astronll­
my was preserved and tra.nsmitted, it is laid that the columnl on which it wal registered
bave lurvived the deluge, and that thole of Egypt are only copiel which have become
originalI, now that the oUlen have been forgoUen. The Indians, &180, profeM to have
many celestial ohlervationl of a very early date. The Cbaldeans have been justly cele­
brated in all agea fcr Iheir a.tronomical ob..rvatlon.. Wben Alesander look Babylon,
hiB preceptor, Culliathenel, found a Beri~1 of Chaldean oblervatlon., made in that city,
and eXlendlng back, wllh lIttl. interruption. through a period of 1908 years pre.edlul
tbal event. TblB would carry WI back 10 at leul 2284 yean before the birth of Ohrl"&,
or to about lhe lime of the di.persion of maukind by Ihe ccnfWllou of longu...

316. The Greeks, in all proba.bility, derived many notions
10 regard to this science, and many facts and observations, from
Egypt, the great fountain of ancient learning and wisdom, and
many were the speculations and hypotheses of their philosophers.
The first of the Greek philosophers who taught Astronomy was
Thales, of MilettlS. He flourished about 640 years before the
Christian era. Then fvlIowed Anaximander, AnaximeneR
oA.naxagoras, Pythagora.s, Plato.

Som. of Ih. doctrln.. malnt.alned by the.. phUolOphers were. thai Ihe Earth ....
round, tha\, It had two mobons, a diurnal moUoD on Its axil, and an annual motion
Around the Sun. that Ih. Sun wu a globe of lire, thai the Moou received her IIghl from
Ule Sun, that ahe wal habitable, contained. mountain., lea., A:c. : that her eclipses wer
cauBed by the Marth's Ihadow, that the planets were not designed mertlly to adorn uur
heavens, that they were worldl of themaelvell, and that the fixed atare were centers of
dIstant syatem8e 80me of Lbem, ,however, maintained that the Earth W&8 Oat, and othere
!hat, though round, It waa &t rest. in the center of the llDivene.

317. When that distiuguished school of philosophy was estab­
lished at Alexandria, in Egypt, by the munificence of the sove­
reigns to whom that portion of Alexander's empire had fallen,
astronomy recived a new impulse. It was now, in the second
century after Christ, that the first complete f1Jstem or treatise
of astronomy of which we have any knowledge, wall formed.
All before had been unconnected and incomplete. Ptolemy,
with the opinions of all antiquity, and of all the philosophers

816. O~ lhe Greek.' Who IInl taughl aslronomy amoug them' Date' Who nal<U
9late .ome of Ihel~ doctrln.. ' 811. Whal r.cord of Ihil Idenc.' What of l'lo~
nnl.l his wurka ?
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who had preceded him, spread out before him, composed a work
tn thirteen books, called the Meya).,17 1:vvTaEl~, or Great System.

318. Rejecting the doctrine of Pythagorl'8, who taught that
th~ Sun was the center of the universe, and that the Earth had
a diurnal motion on its axis and an annual motion around the
Sun, as contrary to the evidence of the seuses, Ptolemy endea­
vored to account for the celestial phenomena, by supposing the
Earth to be the center of the Ilniverse, and all the heavenly
bodies to revolve around it.

He lIeems to bave entertained an Idea, in regard to the Bupposltlon, that tbe Esrt~
revolved on its axis, similar to ODe which some entertain even at the present day. u It,"
days he, U there were &D.1 motion of the Earth common to it and aU other heavenly
bodleB, It would certainly precede them all by the exce.. of Its masB being so great; and
animals and a certain portion of heaVf bodies would be leR behind, riding upon the air,
"nd the earth ltoelf would very Boon be completely carried out of the "eavenl."

319. In explaining the celestial phenomena, however, upon
his hypothesis, he met with a difficulty in the apparently station·
aty attitude and retrograde motions which he saw the planets
sometimes have To explain this, however, he snpposed the
planets to revolve in small circle1!, which he called epicycles,
which were, at the same time, carried around the Earth iIt
larger circles, which he called deferents, or carrying circles.

In following out biB theory, and applying It to the explanation of dlll'orent pbenomena,
It btlcame necc8I&r1 to add new epicycles, and to bave recourse to other expedients, until
the system became unwieldy, cumbrous, and complica~ed. This theory, a.lthough astro­
nomical obBervatioD8 continued to be made, and some distinguished astronomers appearcil
fro.n time to time, 11'&8 the prevailing tbeory until the middle of theillth cenlury. It wa"
not, however, al<Day. received with Implicit conlldence; nor were Its difficulties ahcaVI
entirely unappreciated. ..

AlphonBo X., king 01 CastDe, wbo lIourisbed-ln the 18th century, when contemplalinl;
&be doctrine of the epicycles, exclaimed, Ii Were the universe thus constructed, if the
loelty bad called me to b.. oouncilB at the creation of the world, I could have given him
KOOd advice." Be did ::lot, however, mean aDT impiety or irreverence, except; what was
directed agalnBt the s7Btem of Ptolemy.

320. About the middle 01 the 15th century, Copernicus, a
native of Thorn in Prussia, conceiving a passionate attachment
to the study of astronomy, quitted the profession .of medicine,
and devoted himself with the most intense ardor to the study of
this science. "His mind," it is said, "had long been imbued
l\ith the idea that simplicity and harmony should characterize
the arrangements of the planetary system. In the complication
and disorder which he saw reigned in the hypothesis of Ptolemy,
he perceived insuperable objections to its being considered as a
representation of nature."

818. HIB B,.tem of astronomy? What Blngular Idea and reaBOnlng? 819. What
dllllculty did he meel with, and bowe"plaln It-? What further dlfficully? How lon8
IIId til.. th""ry prevail? What anecdote of lhe KIng of Castlle? 8iO. What '!I..
1IDgu1&b-.d Btudent of ""tronomy now arole? HIB impreBlionB In regard to tlte Ptolemal"
tII...r7? HI. OWD earlior ""n..lcll~DI? What other theories did he Ilud,J?
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In the opinions of the II:lln'tlan sages, In thOle of Pylhagc ra., Phllo)aWl, ArlstarcLn"
ao,1 Sicetu, he recogniRd hi. own earliest conviction that tt_e Earth wu oeat the center
01 Ule universe. His attention was much occupied with the speculation of )farUous
a....peu&, who placed the Sun between Marl and the Moon, and made Mercury Bond Venu!
revolve round him as" center, and with the lJystem of Appolloniua Pergmu8 who made
111 the planetB revolyo around the Sun, whUe the Sun ani MOOD were carried around tho
1arth In the cenler of the universe.

321. Tht: examination, however, of various hypotheses, by
Copernicus, gradually expelled the difficulties with which the
subject wall beset, and after the labor of more than thirty years,
he was permitted to see the true system of the nniverse. Tho
Sun he considered as immovable, in the center of the system,
while the Earth revolved around him, between the orbits of
Venus snd Mars, and produced by its rotation about its aXIs all
the diurnal phenomena of the celestial sphere. The other planets
he considered as revolving about the Sun, in orbits exterior to
that of the Earth. (Set tM Rtlative DistlllTtUS of tM Plamts'
Orbitl, Map 1. of tM Atlal. )

TbUl, the stations and retrogradations of the planeta were the necessary consequence
,1 tbelr o,>,n motions, combined w1th thft of the Earth about the Sun. He said that .. II)'
long ohservaUoD, he discovered that, If the motions of the planets be compared with
that oC the Earth, and be estimated according to the times in which they perform theIr
rev('lutloD8, not only their &everal appearance. would follow from this h,)-pothesis, but
that it ",outil 80 connect the Ohler of the planets, their orbits, magnitudes, and dil!ltanccs,
and even the apparent motion of the fixed stan, th"lt It would be impossible to remove
olle of tbe.. bodies out of Its place without disordering the rest, and even tbe wbole of
Lhc llD.iverae also."

322. Soon after the death of Copernicus, arose Tycho Brahe,
born at Knudstorp, in Norway, in 1;J46. Such was the distinc­
tion which he had attained all an astronomer, that when, dissa­
tisfied with his rellidence in Denmark, he had resolved to remove,
the King of Denmark, learning his intentions, detained him in
the kingdom, by presenting him with the canonry of Rothschild,
with an income of 2,000 crowns per annum. He added to this
8um a pension of 1,000 crowns", gave him the island of Huen,
and established for him an observatory at an expense of about
200,000 crowns. Here Tycho continued, for twenty-one year!!,
to enrich astronomy with his obsen-ations.

His observatioDs upon the Moon were Important, and upon the pl&n~t9 numerous and
precise, and have formed the data of the present generalizations in IUItraDomy. He,
however, rejected the system of Copernicus; considering the Earth u immova.ble in the
center of the system, while the SUD, with all the planets and comets revolving around
him, performed his revolution around the earth, and, in the course of t.wel1ty~fourhOUTS,
the stars also revolved about the centra.l body. This theory was not so shnple 88 that of
Copernicus, and involved the absurdity of making the Sun, planets, &c., revolve around
a body compllratively Insignificant.

821. How was Copernicus Jed to discover the true system of astronomy P What is fhaE
system? Doe~ it accoullt for the stations and. retrogradatiolls of the ]lanet& P 82',,"
Wha.t dlstinguilhed astronomer next arose P What said of hiB dd8utio:l In DfI'ornark
IHa obaervatlnns 'P His tJlcory
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323. Near the close of till 15th century, arosc two mcn, who
wrought most importajjt chauges in the science j Kepler and
Galileo, the former a German, the latter an Italian. Previous
to Kepler, all investigations proceeded upon the snpposition that
the plancts moved in circular orbits which had been a source of
much error. This suppo~ition Kepler showed to be false. lIe
disco'7ered that their orbits were ellipses. The orbits of their
Ilecondaries or moons he also found to be the same curve. He
·uext determined the dimensions of tilt' orbits of the planets, and.
found to what their velocities iu thdr motions through their
orbits, and the times of their revo[utions, were proportioned j all
tnlths. of the· greatest importance to the science.

:i24. While Kepler was making these discoveries of facts, very
essential for the explanation of many phenomena, Galileo was
dis~overing wonders in the lleavens never before seen by the eye
of man_ Having improvcd the telcscope, aud applied it to the
heavens, he observed mountains and valleys upon the surface of
our .Moon; satellites or secondaries were discovered rcvolving
ahout Jupiter j and Venus, as Copernicus had predicted, was
seen exhibiting all the different phases of the Moon, waxing and
waning as slle does, through various forms.

MaD)' minute stars, Dot visible to the naked eye. were described tn the Milky-Way; and
th~ largest fixed stan, instead of btling magnified, appeared to be small brtlllant points,
an incontrovertible argument in favor of their Immense distance from us. All his dis·
coveries served to conftrm the Copernican' theory, and to show the absurdity of the
h;ypothesis of Ptolemy.

325. Although the general arrangement and motions of the
planetary bodies, together with the figure of their orbits, had
been thus determined, the force of power which carries tllem
around in their orbits, was as yet unknown. The discovery of
this was reserved for the illustrious Newton, though even his
discovery was in some respects anticipated by Copernicus,
Kepler and Hooke. By reflecting on the nature of gravity­
that power which causes bodies to c.lescend toward the center of
the earth--since" it does not sensibly diminish at the greatest
distance from the center of the earth to which we can attain,
being as powerful on the loftiest mountains as it is in the deepest
('averns, he was led to imagine that it might extend to the
Moon, and that it migi.J.t be the power which kept her in her
orbit, and caused her to revoh-c around the Earth. He WitS

llext led t) suppose that perhaps the same power carried th6

818. What two noted astronomers next arose P Wha.t did Kepler dIscover' 8201-
Galil"" and hla discoveries? What theory did they 8e'"ve to eltablllh f H2l\ Wh",~
p,,~t dillf·....~ ..~, made, and by whoml How \ptJ to It? !ucc...olv., otellU'
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prim<1ry PUi_"!ts around the Suu. By a series of calculations,
he was enabled at length to establish the fact, that the same
force which determines the fall of an apple to the Earth, carries
the moons in their orbits around the planets, and the planets
and comets in their orbits around the Sun.

To recapitulate brle8y: The IJllem (not hypothe818, for much or It has !>een ut"bliBhed
by mat:J.ematJcal demonltration) by which we art DOW eDabled to explalb with a beauti·
ru' llimpliclty the dUl"erent phenomena of the SUD, planeu, mOODS, and comets, is, that
tJJ"J SUD il the central bod1 in the Iystelll: that the planeta and comets move round him
h: elliptical orbita, ....hole planel are more or les8 inclined to each other, with velocities
bea.ring to each other a certain aseerkined relatioD, and in times rdated to their dis­
tances; that the moonl, or secondarie, .levolve in 11ke manner about their primaries.,
and at the same time accompany them In their motion around the Bun; all meanwhile
revolvioA' on axel of their own; and that these revolution8 in their orbits are produced
by the my8lerloDB power or attraction. The particular mode In which thi8 8y8tem ia
applied to the explanation of the dilferent phenomen", will be exhibited &8 we proceed Ie>
eODaioler,one by one, the levera] bodlel above mentioned.

326. These bodies, thuR arranged and thus revolving, consti­
tute what is termed the Solar Systttm. 'l'hc planets have been
divided into two classes, primaries aud secondaries. The latter
are also termed 'moons, and sometimes satellites. The primaries
are those that revolve about the Sun, as a center. The seconda­
ries are those which revolve about the primaries. There have
been discovered to this date (1854), thirty-five primary plauets,
viz.: Mercury, Venus, the Earth, Mars, It'lora, Clio, Vesta, Iris,
Metis, Eunomia, Psyche, Thetis, Melpomene, It'ortuna, Massilia,
Lutetia, Calliope, Thalia, Hebe, Parthenope, Irene, Egeria,
Astrllla, Juno, Ceres, Pallas, Hygeia, Jupiter, Saturn, Uranus,
Neptune, and four other Asteroids, whose names and places have
not yet been determined. Mercury is the nearest to the Sun,
lind the others follow in the order in which they are named. The
lIeventeen small planets from Flora to Hygeia, inclusive, were dis­
covered by means of the telescope, and, because they are very
small, compared with the others, are called Asteroids. Neptune,
also, is a telescopic planet, though much larger than any of the
Asteroids.

There have been discovered twenty secondaries. Of these,
the Earth has one, Jupiter four, Saturn eight, Hersl:hel six, and
~eptune one. All these, except our Moon, as well as the Aste­
roids and Neptune, are invisible to the naked eye.

Map I. of the Atlas, "exhibits a plan of the Solar System," comprlainlJ the relativr
magnitudes of the Sun and Planets; tbeir comparative dbltances from the Sun, and from
each otber i the position of their orbits, with respect to each other; the Earth aDd the
SUIl i together with many other particulars which are espl&iDed on the map. There, the

I)••cribe the Copernican theory r 826. What do the bodie8 mentioned c."8titulo'
ao,,", arc the planets divided? DeBcribe each l' \Vhat Dumber or primaries' N3m~
them ie. order from the Sun' Which are t.he Asteroids P Which telescopic' HoW' mao)"
HClIudAl'r platusbi r Bow distributed f Are U"lev vlMlble to t..Ild nak~ .,va r ""4t Mid



"HE SlJN-JIIS DISTANCE, MAGNITUDE, ETC. 17]

lint and moot prominent object ...hlch cla.iml attention, I. the representation of tho
dun's circumference, with its deep radiatio:ll, bounding the upper margin of the map_
'It. Is apparent, hOll"ever, that this segment h) hardly on,g.dzth of the wbole circumference
of ...hlch it i.B a part. Were the map Ill!IIciently large to admit the entire orb of the Sun,
<. yen upon BO diminutive a Bcale a9 there represented, we shoald then Bee lhe Sun and
Planela in their just proportiona-tbe diameter of the former being 112 time. the wametl'..
of the Earth.

It ...... Intended, orIginally, to represent the Earth upon a ocale of """ '''''''' In diameter
and the otber bodies in that proportion; but It was found that It would lncreue the map
~t) four times ita size i and hence it became necess&r,- to asBume a Kale of JwJ,f an inch
for the Earth's diameter, which makes that of the 8llD G6 inches, and the other bodles, &8
repre"ented upon the map.

The relative position of the Planets' orbits fs also represented, on a Beale &s large &I
the sheet would permit. Thel:- relative distances from the Sun as a center, and from each
other, are there shown correctly. But bad we wished to enlarge the ditnensions of the~
orbIta, so that they would exactly correspond with the Bcale to which we have drawn tho
planets, the map must have been nearly two miles in length. U Bence," says Sir John
Herschel, U the Idea that we can convey correct notions on th1a subject, by drawing circle.
on paper, II! out of the question."

To illustrate this-Let us suppose ourselves standing on an estended plane, or field of
ice, and that & globe 4 feet S inches in diameter 18 placed in the center of the plane, to
represent the Sun. Having cut out or the map the dark circles representing the planets,
we may proceed to a.rrange them in their respectl ve orbits about the Sun, sa follow8 :

First, we should take Mercury, about the si.l.e of a smi.ll currant, aDd place it on the
circumference of a circle 194 feet from the Sun; this circle would represent the orbit ot
Hercary, In the proper ratio of Its magnitude. Next, we should take Venus, about the
sice of a rather small cherry, and pla.ce it on a circle 862 feet from the Bun, to represent
the orbit of Venua. Then would come the Earth, a.bout the size of a cherry, revolving In
an orbit 600 feet from the Sun. After the I:arth we should place Mars, about the si.l.e of
& er&llberry, on a circle 762 feet from the Sun. Neglecting the Asteroids, some of which·
wouid not be larger than a pin'. head, ...e should place Jupiter, hardly equal to a mode­
~ate-.i.ed melon, on a circle at the diltance of hal! a mUe (2601 feet) from the Bun;
8atW'n, somewhat less, on a circle nearly a mUe (4768 feet) from the Sun; Herschel, abo'lt
the .I.e of a peach, on the circumference of a clrcle nearly 2 milea (9591 feet) from the
Sun; and last of all Neptune, a little larger than HerllChel, and on a circle of nearly S
miles (16,866 feet) from the Sun.

To ImItate the motlons of the planets In the above-mentioned orblla, Mercury must
tles('ribe Its own diameter In 41 8econds; Venus, In "minutes 14 seconds; the Earth, in
1 minutes; Mars, in 4 minutes 48 seconds, Jupiter, in 2 hours G6 mLDutes; Saturn, ir
8 hours L8 minutel; Herschel, In 12 hours 16 minutes; and Neptune, in 28 honrs 2ll min.

Many other In tereating suillects are embraced In Map 1. ; but they are either explainel1
00 the map, or in the follo... ing chapters, to ...hlch they relpectlve17 relate.

CHAPTER II.

THE Silll-illS DISTANCE, MAGNITUDE, &0.

32'. THE Sun is a vast globe, in the center of the Bolar sYI!I­
f.C:::l, dispensing light and heat to all the planets, a.nd governing
1111 their motions. It is the great parent of vegeta.ble life, giv­
ing warmth to the seasons, and color to the landscape. Its rays
nre the cause of various phenomena on the snrface of thp. aarth
ond in the a.tmosphere. By their agency, all winds are pro-

of Map I. P Its sc"Ie-~ Remer!::o! Dr. HerschelP WhAt illuslratlonl of the Bn'ar !I'Ve''''"
If t:=S ilc : ..rnlfllh ? 8'i:':~ S:';CJc:d C'f CIJRpt.cP 11,' UescrllJe the Sun'

B.n b
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duccd, slid the waters of the sea are made to circulatp. in vlIllOl

through the air, aud irrigate the land, producing springs and river!!.
32~. The HUll is by far the largest of the heavenly bodiell

whose dimensions have been definitely ascertained. Its diameter
is about ~~9,OOO miles. Consequently, it contains a volume­
or matter eqllal to fourtun )wndrtd tltou.~and globes of the size
of the Earth. Of a body so vast in its dimensions, the human
lUind, with all its efforts, can form no anequate conception.

m. 10 ,ID 'I'll. MOOM'S OroUT. Were the SUD a bon".. sphere, perforatrd .... iLh
a thoa.a&nd openings to admit the tWinldiD\1' of
the luminous atmospllere around It-and wt-re a
1I0be a. large &I the Earth placed at its center,
With a aateWte as large &8 our MO<.oD, and at the
lame diltance front It ~ she II from the earth.
there would be pre.ent to the eye of a spectator
on the Interior globe, & unlvel"l'e RS splendid u
Lhat which DOW appears to the aninstructed eye
-a universe u large and extensive u the
whole creation W&l cODcelved to be in the
Infancy of ulroDomy.

The mean dl.tance of the Moon tram the
Earth tl 240,000 miles, conlequentIy the average
diameter or her orbit I. 481l,OOO miles; and yet..
were the Sun to taka the place of the Earth, he
would 1111 the Whole orbit of the MOOD, aDd
exteDd 200,000 mil.. beyond It iD every dlrec­
tion I To palO tram .ide to .Id. througb hll

center, at railroad .peed (80 mile. aD honr),
would reqnlre Dearly three aud II halt yean,

and to traverae his ya81 circumference nearly eleyen yearlL
Here let the .tudent refer to Map I., where the RelllUve MagnitUde. nt the SuD aDd

Planetl are exhibited. Let him compare the lepenl of the Sun'. circumference, as
there represented. with the entire circumference of the Earth. They are both drawn upon
the lame ICAle. The Beplent of the Sun's circumference, since it Is almost & alralgh'
line, mU81 be a very sLOall part or what 'he whole circumference would be, were It repre­
tented entire. Let the student understand this dlagra.m, and he will be in Some mea.sa~

"bl. to cODcelve how like a mere poiDt the Enrth 10, oompared with the Sun, and to form
ID hlo mlDd oome image at the ''&It magnitude of tbe latter.

329. The next thing whieh fills the mind with wonder, is the
distana at which 80 great a body mnst be placed, to occupy,
apparently, 80 small a space in the firmament. The Sun's mean­
distance from the Earth is twelve thousand times the Earth's
diameter, or a little more than 95,000,000 of miles. We may
derive some faint conception of such a distance, by considering
that the swiftest steamboats, which ply our wateril at the rate
of 200 miles a day, would not traverse it in tkirtU1l. n,ulnO.rt,z
?JCM'; and, that a cannon ball, flying night and day, at the
rate of 16 miles a minute, would not reach it in elevm ytaT'.

330. The Snn, when viewed through a telescope, presents the
appearance of an enormous p;lobe of fire, frequently in a state of
violent 3g-itation or ebullition; dark spots ,)f irregular form.

R',l!,. Hlo mllgnltude? :llalDeter? Compared with the Earth r What lIlustratloD glnlli
ffhat refereIlQe to the Map 1 899. Dlsl.ance of the Bun? What IIIU1tr"Uon jfi",t:n'
rtAA. nllW fJiWJR the Son appel\r LhrouKh a tt::k.dCoV\." Dl~t:cribt: Ulu~c rpot,.·)

Coogle
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THE SUN-HIS DISTANCE. MAGNITUDE, E'rc. 17.1

rurely visible to the naked eye, frequently pa8fl 'Over his disc,
from ~ast to west, in the period of nearly fourteen days.

Thllile spots are usun,l1y surrounded by a
penulIlbra, or :t:89 deeply shaded border,
and that, by a margin of light more bril~

ltant that that of the Sun. A apot when
first seen on the eastern edge of the SUD,
appears like a. line which pl"ogr~sBivelyex.
teud3 in breadth, and increR8eB its appa­
Tent v~Iocity, till it reaches the middle,
when It begins to contract, aod to mOTe
le88 rapidly, till it ultimately disappears at
the western edge. In Borne rare instancciI,
the lame tlpots fe-appear on the east side,
and llre permanent for two or three revo·
lution!. Bui, as a general thtn~, the spots
on the SUD are neither permanent Dor uni­
form. Sometimes several small ones unite
into n. large one; and, again, a large one
separates into numerous small ones. Some
continue several days, weeks, and even
months, together; whUe other'll appear nnd
disappear, In the course of a few hours.
Those spots that are formed gradually, are,
for the most part, a9 gradually dissolved;
whllst thoe that are Buddenly formed, generally vanlBh as quickly.

331. It is the general opinion, that spots 011 the Sun were
first discovered by Galileo, in the beginning of the year 1611 ;
though Soheiner, Harriot, and Fabricius, observed them about
the same time. During a period of 18 years from this time, the
Sun was never found entirely clear of spots, excepting a few
days in December, 1624: at other times, there were frequently
seen twenty or thirty at a time, and in 1625, upwards of fifty
were seen at once. From 1650 to 1670, scarcely any spots wer('
to be seen; and, from 1676 to 1684, the orb of the Sun pre­
sented an unspotted disc. Since the beginning of the eighteenth
century, scarcely a year has passed, in which sPOtll have not
been visible, and frequently in great numbers. .In 1799, Dr
Herschel observed one nearly 30,000 miles in breadth.

A single second ot angular measure, aD the Bun's disc, al leeD from the Earth, corre..
•ponds to 462 miles; and a circle of this diameter (contaInIng therefore nearly 220,000
"qllare miles) Is the least space whIch can be distinctly discerned on the Sun as a frilribld
area, even by the most powerful glasses. Spots have been observed, however I whose
IilJcar diameter has been more "han 44,000 miles; and, jf .ome recorda are to be trusted,
of even still greater extent.

DR. DICI, in a letter to the author, says: U I bave for many years examined the Bolar
t!lpots with con81derable minuteness, and have several Urnes, seen IpOU which were Dot
1l'8:J thaD the one twenty..fifth part of the Sun'. diameter, which would ma.ke them about
~2,192 miles In diameter, yet they were visible neithpl' to the naked eye, nor through an
C'lpera. glass magnifying about three tlrnes. And, therefore, If any spote have been visl
tile to the naked eye-which we m~t believe, unless we refuse respectable teBtlmony­
they could not have been much lesM than 60,000 mUes in diameter!'

831 Who IIrot saw them r When r How was It for the next 18 years r How In 162ll'
From 1660 to 1610 r Fl'om 1676 to 1684 r How since th< beglnnlnr of the elrhteenth
1eDtqrJ'P Dr. Dr-rachel'. measurements' Dr. Dick'. remark_ and concl1woar
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332. The apparent direction of these spots over thc Bun's disc
ill continnally varying. Sometimes they seem to move across it
iu ItraiglU lines, at others in curve lines. Sometimes the spots
seem to move up1Dard, as they cross from east to west, while at
ot.her times they incline dmDn'UJard, while the corve lines are
sometimes convex towards one pole of the Sun, and sometimes
towards the other.

333. All these phenomena Bre owing to the fact that the axis
()f the Sun is inclined to the ecliptic, so that viewing him from
different points in the Earth's orbit, the apparent direction of
the spots must necessarily vary. The following diagrams may
Rerve to illustrate :

T.....'0111I IIIUClftOA or nm lIOLAa IPOftI.

III •..~1-t-'-t-.a..:11-

March. JlIne. SepteIUbu'. Deeember.

L.IIIl F represenl the plane of Ihe ecllpllc. In Merch, the spoto d~scrlhe a Clnne.
which Is convex to tl!laouth, &1 ,hown at A. In June, they crosa the Sun'. disc ID nearl,.
slra1ght lines, bat Incliae apward. In September, the, curve again, though In the oppo­
site direcUon; and in December, pIUS over in straight Uoes, inclining dotmMDartL The
figures Band D .how the inClill3tiOD or the 8un'. axil.

The following Jiagram will servl' still further to illustrate the
cause of the change of direction of the solar spots,

soua 8.P01'8 OIl!lDVm no. DlJ7DU'I' POm'I'Ir.

o

...//._:_~_':;;--------ltP';;@. __.n •••_ ••_._._._ ,

D~DEa. II.;.... ..•...
~ •••••• ~UNE: B

...... '.. ' .

" ....- "-'" .-.-.... .. .n•.':!~'!!'_._~-_··_····-·-·--_/

A

I.e' the student Imagine himself stationed npon th8 ...rU1 at A, In March, looking upon
I~e sua in the crnter, wb••e nortb or upper pole Is now Inclined tmDIzrd him. The spole
N'tll then C1W't'~ Cl.v.".r 1t/'1am. T.hree monthll afterward-vis., In June-the earth W"'ill be

1182. In whal (ltmeraJ. direcllon do Ibese spots move' Whal variations' 888. Wl1l\l
la tho oou-te lit Uu.:sc varying phenomena'

----------
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at. B; when the Bun's axis will incline to~ left, and tile spots 8eem to pall. tIpIOIu"d to
the right. In three montlls1ongcr, the ob8eI"Ver will be at C, when the north pole of tht.
dUD will inclinej"rom· r"im, and the sputs seem to CUNJd up'ward.i and in three montht!
longer, he will be at D, when the axis of the SUD will incline to rMl right, and the spote
8eem to incline downward.

334. From the regularity with which these sp<'ts revolve, it
is concluded, with good reason, that they adhere to the surfac6
of the Sun and revolve with it. They are all found within 30"
of his equator, or within a zone 60 in width.

335. The apparent revolution of a spot, from any particular
point of the Sun's disc, to the same point again, is accomplished
in 27 days, 7 hours, 26 minutes, and 24 seconds i but during
nat time, the spot has, in fact, gone through one revolution,

together with an are, equal to that described by the Earth in
ner orbit in the same time i which reducest he time of the Sun'e
uctual rotation on his axis, to 25 days, 9 hours, and 36 minutes.

Let S represent the .un, and A
the earth In her orbit. When iihe
is at A, a spot is seen upon the
uise of the sun at B. The Bun re­
vol ves in the di rectloo llf the ar­
rowB, and in 25 days 10 houn the
spot comel round to B again, or
oppositt. the .tar E. This is a lIi<U­
real revolution.

During these 2li days 8 hour.,
the earth bas passed on tn her
orbit BOrne 26·, or oe&l"ly, to 0,
which wlll require nearly two days
for the spot ..I B to get directly
toward the earth, aB shown at D.
'rills 1all Is a syn.odic revolution.
It coDsistli of oDe complete revol'tl-
tlOD of' the 8U"l upon his axis, and
about 21- oVP.!'.

336. Tho part of the Sun's disc not occupied by spots, is far
from being uniformly bright. Its ground is finely mottled with
an appearance of minute dark dots, or pores, which, attentively
watched for several days in succession, are found to be in a con­
stant state of change.

What the physical organization of the Sun may be, is a ques­
ti\ln which astronomy, in its present state, cannot solve. It
seems, however, to be surrounded by an ocean of inexhaustible
Hame, with dark spots of enormous size, now and then Hoating
npou its surface. From these phenomena, Sir W. Herschel sup­
posed the Sun to be a solid, dark body, surrounded by a vast

SM. Are these spots IUPpOSed to adhere to the body of the S~n r On what part of tho
Sun aro they found r 88:>. Whal I. their lime of appar...l revolution r The actual
time r How arrived alP 886. What said of the p"rt of Ihe So, ..boul hil poles r or
hi. physical orllaniaatlon r Wh"t loes it .eem to bs' How did Sir W. Hc..oI".J
r~gard ltP
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atmosphere, almost always filled with luminous clouds, occasion·
ally opening and disclosing the dark mass within.

337. The speculations of Laplace were different. He im·
agined the solar orb to be a mass of fire, and the violent effer·
vescences and l'xplosions seen on its surface, to be occasion~d by
the ernption of elastic fluids, formed in its interior, and the spots
to be enormous caverns, like the craters of our volcanoes.
Others have conjectured that these spots are the tops of solar
mountains, which lire sometimes left uncovered by the luminons
fluid in which they are immersed.

338. Among all the conflicting theories that have been
advanced, respecting the physical constitution of the Sun, there
is none entirely free from objection. The prtvailing one seems
to be, that the lncid matter of the Sun is neither a liqu~1 sub­
stance, nor an elastic flnid, but that it cousists of luminous
clouds, floating in the Sun's atmosphere, which extends to a
great distance, and that these dark spots are the opaque body
of the Sun, seen through the openings in his atmosphere. Her­
Rchel supposes that the density of the luminous clouds ueed not
be greater than that of our Aurora Borealis, to produce the
effects with which we are acquainted.

339. 'rhe similarity of the Sun to the other globes of Jhe sys­
tem, in its slpposed solidity, atmosphere, surface diverF Jed with
mountains and valleys, and rotation upon its axis, has ,ed to the
conjecture that it is inhabited, like the planets, by beings whose
organs are adapt.ed to their peculiar circumstances. Such ;vas
the opinion of the late Dr. Herschel, who observed it unremit­
tingly, with the most powerful telescopes, for a period of fifteen
years. Such, too, was the opinion of Dr. Elliot, who attributes
to it the most delightful scenery; and, as the light of the Snn
is eternal, so, he imagined, were its seasons. Hence he infers
that this luminary offers one of the most blissful habitations f"r
mtelligent beings of which we can conceive.

881. Laplace'l opeculatlouo' What other oplu!oul' 88S. II th.re a latufa.tory
theory or Ule physical nature of the SUD? 8tate the prevatUng' ne 'f HencbePs auppC"
.Itlou' 889. What coqJecture Iu regard to lh. luhabitautl of the Bun, aud ura
..bat rUlllded' Who held to this Idea?



TDE PRUlARY PLANE'l'S-MERCURY AND vr::'il':"

CHAP'lER III.

THE PRIMARY l'LANETS-MEROURY AND VEN O!:l.

,--, ,

340. MERCURY is the nearest planet to the Sun that has )'\'1
Leen discovered, and \vith the exception of the asteroids, is the
smallest. Its diameter' is about 8,00U Illiles. lt~ l1l11k, therefore,
is about sixteen times less than that of tbe Earth, It would
require more than twenty millions of such globes to compose a
hody equal to the Sun:

Hp:e the student should refer to the dia-graws, exhibiting the relative JI1&II1litudes aod
di8tanees .,! thp. Sun and Planets, Map I. And whenever this subject recurs in the coune
of tID. work, the 8tudeE~ should r~("\1r to the tiJlurel of th.\.11 Hap, until he i.ll able to form
In bil mind distinct conceptions of me relatIVe magnitudes and distances of all tbe
planels. The Sun and plane'" being spheres, or nearl,y 80, th8ir relative blllks are esli­
toated by compal'illg tr.e cubes of their diameters: thus, t.he diameter of Mercury being
8,140 miles, and that of the Earth 1,912 j their bulks ....e as the cube of 8,140, to the cube
(II i,912, or 88 1 to 16, nearly.

341. Mercury revolves on its axis froni west to east in 24
hours, 5 minutes, and 28 seconds; which makes its day about
10 minutes longer than ours, It performs its revolutiou about
the Sun in a few minutes less thau 88 days, and at II. mean dis­
tance of nearly 37,000,000 of miles, The len~th of Mercury's
jear, therefore, is equal to about three of our months.

The rotation of a planet on its ul8, CODSt1tUteS Itll day i its revolution about the Sun
....onstitutee its year.

342. Owing to the dazzling bl'ightness of Mer~ury, the swift­
ness of its motion, and its nearness to the Sun, astronomers
have made but comparatively few discoveries respecting it.
When viewed through a telescope of considerable magnifying
power, it exhibits at differ~nt periods all the various phases of
the Moon ; except that it never appears quite full, because its
enlightened hemisphere is never turned directly towards the
Earth, only when it is behind the Sun, or so near to it as to be
hidden by the splendor of its beams. Its enlightened hemisphere
being thus always turned towards the Sun, and the opposite one
being- always dark, prove that it is an opaque body, similar to
the Earth, shining only in the light which it receives from the
Sun.

343. Mercury is not only the most dense of all the planets,
but receives from the Sun six and a half times as much light and

340. Subject of Chapter Ill.? Size and position of Mercury? What map Illustrate.
this II1J:Uect? 841. State the time of M~I·curY'1I re\'olution upon his Rxis? . How doeR
thO, compare with the Earth P His period of l"t~,·nlution Rround the Sun l' 342. Whai
t'uid of dlst:overtes upon Uer-:ur1, bis pbase8, ie. l' \\'hn.t proof that he Is opaqn'l'lII
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ht:nt as the Earth. The truth of thi& estimate, of COUJ'!le,

depends upon the supposition that the intensity of solar light and
heat at t.he planets, varies inversely as the squares of their dilt­
tances from the Sun.

In this diagram the Hl!'ht is leeD POUlinI!' In rll!'ht Ilnel, from the IUD on the left towa nJ
the lIeveral planeg on the right. It Is al8C1 shown that the surfaces At B, and C receivt
tlqual quantltie. of Ulh~, though B is four time., and C nine times &8 1arxe 0.. A; and u
the light falUog upon A is spread over fQur times 89 much surface at B, and nine times lU
much at C, It follows that it is only one-ninth &8 !nWDlfe at C, a.nd one-fourth at R, as it
il at A. Hence the rule, that"'" Uqhtandhcill"flkplan4tu,i'wHrsUlJ,lJIII/k"'jUtlrM
c?f t/tdr r~ctiJJ. dWta1lce8.

The student ma, not exactly understand this lnst .&atetDent. The 8qoare of an,. num­
ber II Its product, when multiplied b:r Itself. Now .uppo.e ....e call the diltanc.s A, B,
Bod 0, 1, 2, and 8 mllel. Then the aquare of 1 is 1 i the square of 9 is 4; and the 8quar~

~r 8 Is~. The light aud heat, then, would be In it>ewlHl proportion at the.e three I",inta,
a. I, 4, and'; tha~ Is, rOl1r tim.. leI. al B tban at A, and DiDe limes 1... at C. Til...
amounts ...e .hould stale as 1, lli, and one·ninth.

344. This law of analogy, did it exist with rigorous identity
at all the planets, would be no I1rgument against their being
inhabited j because we are' bound to presume that the All-wise
Creator has attempered every dwelling-place in his empire to the
physical constitution of the bt:ings which he has placed in it.

}'rom a varlet;r of racl.8 ....hlch bave been obIlerTed ID relation to the production or
tVJlorl.c, It do.. nol appear probable, that the degree or heat on the .urlace of the dilfel'"
eDt planetl depends on their respective dlstancea from the S8D. It jl IDOre probahle, that
II depend. chlell,. on the distribution of Ihe 1nIb8ta,..,. Of calor40 on the surCaces, and
throughout the atmospheres of these bodies, in different quantities, according to the dif­
ferenl .Ituatlon. which the:r De'up:r In the IIOlar .,.stem; and that ~h..., dill'erent quaD
tiUel of caloric art." put in&o action by the influence of the solar r&1'8, 80 &8 to produce
that degree of 8en8ib~ beat reqUisite to the wants, and to the greatest beneAt of t"Rch of
the planets, On this h)'pothesls, ....hich Is corroborated b;r a great varlet,. or racts and
uperimenta, there may be no more sensible heat experienced on the planet Mercury,
than on the lurface ot Herschel, which iB ftft:r Urnes fa.rther ."emoTed from the SUD.

345. The rotation of Mercury on its axis, was determined
from the daily position of its horns, by M. Schroeter, who not
only discovered spots upon its surface, but several mountains iu
its southern hemisphere, one of which was lO! miles high­
nearly three times as high as Chimborazo, in South America.
----------------------,--_. _. ,- - .._- -

Il4S. His deneit:r, and light and heat' Upon wha~ rule I. thl. e.Umare baaed' S44.
Would not thl. law of analog:r make agaln.t tbe doctrine that the planets are inhab­
lted' Is It probable thai this la.... doe. prevail' Upon ...hat mo,. the relative hcat or th~
Iili\oeta depend? 84l>. 1I0w wal biB diurnal revolution determined, and by lI"holQr
Wlu>t said or his .or!ace' What oboe.vatlon re.pecting wounlaln. iD gene.aU
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It I. worthy of observation, that the highest mountains which have been discovered D.
llercury, Venul, the MOOD, and perhaps we may add t.he EaI1h, are all lituated in thell
BOutbern hemlspheree.

346. During a few days in March and April, August and Sep­
tember, Mercury may be seen for several minutes, in the morn·
ing or evening twilight, when its greatest elongations happen in
those months; in all other parts of its orbit, it is too near the
Sun to be seen by the naked eye. The greatest distance that it
ever departs from the Sun, on either side, varies from 16° 12',
to 28° 20', alternately.

The distance of a planet from the Sun, as seen from the Earth
(measured in degrees), is called its elongation. The greatest
absolute distance of a planet from the Sun is denominated its
aphelion, and the least its perihelion.

347. The revolution of Mercury about the Sun, like that of
all the planets, is performed from west to east, in an orbit which
is nearly circular. Its apparem motion, as seen from the Earth,
is, alternately, from west to east, and from east to west, nearly
ill straight lines; sometimes directly across the disc of the Sun,
but at ull other times either a little above or a little below it.

Were the orbib! of Mercury and Venns in the aame plane with that of the Earth, they
would cross the Sun's disc at every revolution i but &8 oDe~half of each of their orbits il
,.bove, and the other h"lf belotD the ecliptic, they generally appear to pus either above
or below the Sun.

",;occ='-'=C:"::::c~:::::~~~i;~~~~~:'----~~::~
Let the right line A, Joining the I!:arth and the Sun In the above diagram, repreBen'

the'plane of the ecliptic. Now when an Interior planet i. in thla pIane, a••hown at A,
it may appear to be upon the Sun's disc; but if it i8 either above or below the eeliptlc,
as shown at B ar.d C, it will appear to PUll either above or below the SUD, al .hown at
J> and E.

For the relative position of the planeb!' orbitl, and their Inclination to the plane of the
ecUpttc, see 1, of the Atlas. Here the dotted lines continued from the dark lines,
deoole the inclination of the orbib! to the plane of tbe ecliptic, which Inclination is
m.arked in figures on them. Let the 8tudent fancy as many circular piece. of paper
mtersecting each other at the several angles of inclination marked on the Map, and h~

will be enabled to nndenlland more eaaUy wbat ia meant by the "Inclination of the
planets' orbits."

348. Being commonly immersed in the Sun's rays in the even·
ing, and thus' continuing invisible till it emerges from them in
the mornin~, Mercury appeared to the ancients like two distinct
stars. A long series of observations was requisite, before they

8-16. When may Mel'cury be seen P Why not at other times? How rar doe! It depart
'rom the 8un all either side? Wha.t Is meant by the elo1tglltion of a planet' lis aph~.

'~(ffl. and periheli,on' 847. In what dir6Cllion do the planets revolve around the SUlI'
What is the "ppar,.nt motion of Mer('.uryf Do they ever craBS the Sun's diar.' \\',
~r at ~n'r'y n:\'uiutioh! 348. How wus Ml:rcury rcgerJcLl hy tho :ml~lcnlJt'

S-lC-
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recogui1.ed the identity of the star which was seen to recede
from the Sun in the morning with that which approached it ir
the evening. But as the one was never seen until the other
disappeared,. both were at last found to be the saml£ planet, which
thus oscillated on each side of the Sun.

349. Mercury's oscillation from west to east, cr from east to
west, is rcally accomplished in just half the time of its revolut;on.
which is ahout 44 days; hnt as the I<Jarth, in the mean timc,
follows thc Sun in the same direction, the apparcnt elongations
will be prolonged to between 55 and 65 days.

350. The pas"age of Mercury or Venus directly between the
Earth Klld the Sun, and apparently over this disc, is called R

Transi/. A transit can never occur except when the interior
plll.net is in or very near the ecliptic. The Earth and the planet
must be on the same side of the ecliptic; the planet being at
une of its nodes, and the Earth on the line of its nodes.

PIIILOIOftIr 01 'l'ILU8IlI.

1: .__...•
\'11\. ~ ~ "'~...: ~jf..J;;,..::~..

k/.············....
" ..,--.......\

11\
N

This cut represents the ecliptic and zodiac, with the orbit of an Inh:nor plant:'t, ht.
nodes, ico Tilt line of his nodes iI, &8 shown, In ~he 16· of ts and the 16- of JJL. Now if
the earth 18 In 6, on the line L Nt U SI~OWD in the cut, when lIercury is at his altomulifUJ
n.tXU (~), be will 8e~m to P&!I1 fl,ptDa,rd oVer the SUI1t~ (ace, IIkt: & dark spot, a9 repre·
••uted In the lIgure. On the other hand, if )lereury I. at his d~oerWl"(J"IIO<1. (Ill,
when the earth 18 in the 16- of TTL, the former will seem to pas. dotcflltDQ,ra acr088 the
diMe of Ihe Suu.

351. As the nodes of his orbit are on opposite sides of the
ecliptic, and are passed by the Earth in May and 11\ovembel', it
follows that all transits of Mercury must occur in one or the
other of these months. They are, therefore, called the .Nodt
months. As is shown in the diagram, the Earth passes the
_._--- -----------

MIl. In whal time b the oscillation of Mercury from ealt to we.I rel\lIy accompllll:e~ I
WI_~1 i. the appart'ftt lime, aocl why? MO. What I. a tramU r When do they ."",ur I
WI",I are the ,,01.'. of a planet'. orbit? The It.... of the nod.. 11111. What II", tbr
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ascending :Node of Mercury in NovtJmber, and the descending ill
May; the former of which is in the 16th de!!ree of 'raurus, a.nd
the latter in the 16th degree of Scorpio. 0

AI! the transitl or·Mercury ever noticed have occurred In one or the other or tb<....'1C
monthJ, and for the realoc already assigned. The fifllt ever olJlerTed took place Novem­
ber 6, 1681; since ...hlcb lime there have been ill otbers by the lame planet--ln all 80 _
8 In May, and 22 In November,

352. The last trallhit of Mercury occurred l'\QI'ember 11,1861 ;
and the next will take place No\'ember 4, 1868. Besides this,
there will be four more during the present century-two in May.
and two in November.

The accompanying ent Ia a de"
lineatioD of all the traDliu of Mer·
cury 'rom 180i to the close of tbe
preseut century. The dark line
rnnniug eut and welt acrol. the J/~,; !~!..-

Sun'. cenler rcpresentl tbe plane I~"":i.uJ!:••••
of tbe ecliptlc, and tbe dotled lin.. . ...... IllS ••••••

~~r~~~_:::;j~fj~~~~;~
The lao' transit of Mercury WlUI W·~;";';;:"""',.,...-""=---~=r;,.",r.""c"---~.

observed In this count.",. by Pro­
fes80r Mitchel, at the Cincinnati
Observatory, and by many others
both in America. and in Europe.
The editor bad made all neCeU&l'Y
preparatioD for oblervlng the pht:­
DOIUt:DOD at his residence, near
O'llwego, New York; but, unfor­
tunateJy, biB Iky wal overhung
with clouchJ, which hid the sun
from bls vi...., and dloappolnled all
hll bopes.

353. By comparing the mean motion of any of the planets
with the mean motion of the Earth, we may readily determine
the periods in which they will return to the same points of their
orbit, and the same positions with respect to the Sun. The
knowledge of these periods will enable us to determine the hour
when the planets rise, set, and pass the meridian, and in general
all the phenomena dependent npon the relative position of the
Earth, the planet snd the Snn ; for at the end of one of these
periods they commence again, and all recur in the same order.

We hove only to Ond a number or Iidereal years, in whlcb the planel compl~tel

lJ:actly, or very nearly, a certain number of revolutioDIf; that ill, to find such a number
,f planetary revolutions, as, when taken together, shall be exactly equal to one, or any
lumber of revolutions of the Earth. In the case of Mercury thil ratio will be as 81'.9~

• to aGO.2M. Whence Dod tbat,

II<J(h mont/I.o of a planetr The node months of Mercury? 8.'l2. When did the labt
tranllt of llercuJ7 occur f When will the next take place? "'hat cthen Juring the
{ll'e!lf'nt century? What lAid of the la.t transit of Mercur)' ? &33. How may we deter·
IDh:.~ whee ·Tl"nral .... will occur? What ratio is found between the re,,:":-,'utioD8 0' 'Uer~lU'i'
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ASTRONOMr.

7 perlodlcal·reTolution. of Ihe Barth ..re equal 10 29 of MereuI') .
18 periodical reyolutioDI of the Earth are equal to ~-l of 'Mercury:
83 perl<ldical reyolutioDa or the Earth are equal 1.0 1:;7 of Mercury:
46 periodical revolutions of the Earth are equal to 1\H of Mercury.

Therefore, transits of lIercury, at the lame node, may happen at interval. of I, l~ 8~, ·n
Ae. years. Transits of VenuI, 80S well as eclipses of tile ~UD and }lO\tD, are calc~alc...
upon the same principle.

The (ollowiug is a list of all the Transits of Mercury from the time the first was obsPrl'."l
tly GaBseodi, November 6, 1681, to the end of the pn~scnt century:

1681 NOT. 8. 1707 May II. 1716 Nov. 2. ISo'll; Nov. 1.
1644 Nov. 8. 1110 Nov. 8. 1782 Nov. U. ISM> May 8
16M NOT. 2. 1128 NOT. II. 1786 M.y 8. 1848 Nov. II.
1661 1I1..y 8. 1186 NOT. 10. 1189 Nov. II. 1861 Nov. 11.
1664 NOT. 4. 1140 Nov. 2. 17119 1I1ay 1. 1866 Nov. 4.
1614 M..y 8. 1148 Nov. 4. 1802 Nov. 8. 1818 May 6.
1811 NOT. 7. 11M May II. 18111 NOT. 11. 1881 Nov. T.

" 1690 NOT. II. 17116 Nov. 8. 1822 Nov. 4. 1891 May 9.
1691 NOT. 2. 1169 NOT. II. 1882 lIIay Ii. 18114 Nov. to.
354. The sidereal revolution of a planet respects its ab.,o!nte

motion; and is mell.'mred by the time the planet takes to revolve
from any fixed star to the same star again. The synodical revo­
lution of a planet respects its 1·e}.ative motion; and is measured
by the time that a planet occupies in coming back to the same
position with respect to the Earth and the Sun.

lUDD&.l.L .A.lCD fiT_ODIO ••VOLlI'TIOZ"S.
In Ihe adjoinIn. cut tho reToJulion or

the Earth from A, opposite Ihe slar B,
around to the same point again, would be
.. 8i<UrMl revolution.

Suppose the Earth and Mercury to fltart
toget.her from the points A C (whel"e l\fer­
cury would be in inferior conjunction witb
the Sun), and to proceed In the direction
of the arroWI. In 88 days Mercury would
come around to the lame point again ~

but as the Earth requires more than four
times that number of days for a revolu·
tiOD, ahe will on1)" have reached the point
D when Mercury arrivel at C again; so
that tbey will not be in Qonjunction, and fa
synodic revoluLion will Dot be completed
by Mercury. He atartl 00, however, In
',£8 second round, and conltantly gaining
upon the E'Uth, till in 2T d..y. from the
time he left C the 8econd time, he OYC1"­
t..k•• lhe Earth ..I E ..nd 11, and is again in
inferior conjunction.

llrom Ihl. UlUllrallon, II will he seen Ihat the synodic reTolullon of .. pl..net musl
nl.....11 require more time Ih..n the sidereal•.

355. 'l'he absolute motion of Mercury in its orhit is 109,7 &7
miles an hour; that of the Earth is 68,288 miles; the differ·
ence, 41,469 miles, is the mean relative motion of Mercury, with
respect to the Earth.

The Iidereal re1'OIution of Mercury Is 81d. 28h. 10",- 448. Ita ~ktU reTolulion If

hnd the E..rth' lIM. Whal I... /liderMl reTolutlon of .. planet? A lf1IMdir,al t
&ill. What I. Ihe absolut. motion of Mercury In hi. orhil? Whal II t'lalof Ihe Eart"?
The dl1l'erence, or I'tlat..,. motion of Mercury? Wh..1 i. hi. /lid...",u period? tn.
1f1I'lOd(~1 n 1'1{ IS the 1..lter alcerlalned?



Tal; I'lll~l.\ll\" I'LANETll-~IERCURY A~D VENU:!. 1M3

found b;r diViding the whl e circumference of S60' by Its rolaUtJ. motion In respect to the
Earth. Thus, the mean daily motion of Mercury Ia U7811'.M:l; that of the Earth ill
8548- .318; and their difference is 11184- .281, being Mercury'. relative motion. or what. It
gains on the Earth every day. Now by simple proportion, 11184".287 Is to 1 day, ss ll6O"
Ia to 11M. 21h. S·, 24', the period of a synodical revolution of Mercllry.

VENUS,

356. There are but few persons who have not observed u
beautiful star in "the west, a little after sunset, call the evclli1Jg
star. This star is Venns. It is the second planet from the
Snn. It is the brightest !\.tar in the firmament, and on this
account easily distinguished from the other planets.

If we observe this planet for several days, we shall find that
it does not remain constantly at the same distance fl'om the Sun,
but that it appears to approach, or recede from him, at the ra te
of about three-fifths of a degree every day j and that it is sgme­
times on the east side of him, and sometimes on the west, thus
continually oscillating backwards and forwards between certain
limits.

35'1". As Venus never departs quite 48° from the Sun, it is
never seen at midnight, nor in opposition to that luminary;
being visible only about three hours after sunset, and as long
before sunrise, according as its right ascension is greater or less
than that of the Sun. At first, we behold it only a few minutes
after sunset j the next evening we hardly discover any sensible
change in its position j but after a few days, we perceive that
it has fallen considerably behind the Sun, and 'that it continues
to depart farther and farther from him, setting.Jater and later
every evening, until the distance between it_ and. the Sun is
eqnal to a little more than half the space from the hor.izon to the
zenith, or about 46°. It now begins to return toward the Sun,
making the same daily progress that it did in separating from
him, and to set earlier a~d earlier every succeeding evening,
until it finally sets with the Sun, and is lost in the splendor of
his light.

358. A few days after the phenomena we have now described,
we percei,e, in the morning, near the eastern horizon, 8 bright.
star which WllB not visible before. This also is Venus, which. is
now called the morning star. It departs farther and farther
from the Sun, rising a little earlier every day, until it is seen

866. Describe Venus. What called r Distance from the Sun r What change of pool·
lion oooenabis r Mr. Greatest <li.lsnce to which she departl from the SUD r What
,JOnsequence' How and wben Icen! 858. Wh:,t nes-t Br~r these phenomena P
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about 46° west of him, where it appears stationary for a fUi

days; then it resumes its course towards the Sun, appearing
later and later every morning, until it rises with the Sun, and
we cease to behold it. In a few days, the evening star again
appears in the west, very near the setting sup, and the same
phenomena are again exhibited. Such are the visible appear­
ances of Venus.

359. Venus revolves about the Sun from west to east in 224!
dayo, at the distance of about 69,000,000 of miles, moving iii
her orbit at the rate of 80,000 miles an hour. She turiid
around on her axis once in 23 hO:1rs, 21 minutes, lLnd 1 seconds.
Thus her day is about 25 minutes shorter than ours, while her
year is equal to 1t of our months, or 32 weeks.

360. The mean distance of the Earth from the Sun is estimated
at 95,000,000 of miles, and that of Yenus being 69,000,000,
the diameter of the Sun, as seeu frolD VcnllS, will be to his
diameter as seen from the Earth, as 95 to 69, and the eurface
of his disc as the square of 95 to the square of 69, that is,
'is 9025 to 4761, or as 2 to 1, nearly. The intensity of light
nnd heat being inversely as the square of their distances from
the Sun (No. 342), Venus receives twice as much light and heat
as the Earth.

361. The orbit of Venus is within the orbit of the Earth ;
for if it were not, she would be seen as often in opposition to the
Sun, as in conjunction with him j but she was never seen rising
in the east while the Sun was setting in the west. Nor wa.s she
ever seen in quadrature, or on the meridian, when the Snn was
either rising or setting. Mercury's greatest elongation being
about 23° from tIle Sun, and that of Venus about 46°, the orbit
of Venus must be O1usilk of the orbit of Mercury.

362. The diameter of Venuti is about 7.900 miles; but her
apparent diameter and brightness are constantly varyin~, accord...
ing to her distance from the Earth. When Venus and tht!
Earth are on the same side of the Sun, her distance from the
Earth is only 26,000,000 of miles; when they are on opposite
sides of the Sun, her distance is 164,000,000 of miles. Were
the whole of her enlightened hemisphere turned towards U~

when she is nearest, she would exhibit a light and brilliancy

~9. What is Venus' sidereal period? Distance from the Sun!' Rate of moticll
Time' of rotation upon her axis? How, then, do her day and year compare with oun'
fl6O. How muatthe Sun appear from Venua, and why? What of her light and heatl
861. Where oa the orbit of Venua altuated? What prool of thia? 862. Vemu' d1nm<­
err? Udr apporef'l.t diameter f State her lett.st and greatest di8tK'l<:\~" frOID tHe lWt.nt
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twenty-five times greater than she generally does, and appear
like a small brilliant Uloon; but, at that tilne, her dark hemi­
spherc is turned towards the Earth.

'When VeDu~ approaches nearest to the Earth, her apparent, or observed diameter II"
61-.2; when most remote, It is oIlly 9-.6; now 61- .2 ....9...6=6~. hence when nearelJt the
ElI.rth her app.arent diameter is 6:Ya times greater than when most distant, and surface
of bel' disc (t:.1i 0 ):l or nearly 41 times greater. In this work, the apparent size of the
heavenly bodies is estimateu from the appurent surface of their discs, which i.s always
proportional to the square. of tln~il" apparent diameters.

363. Mercury and VCIlUS ure called Interior planets, because
their orbits are within the Earth's orbit, or between it and the
Snn. The other· pl!J.nets are denominated Exterior, because thcir
oi'bits are without or beyond the orbit of the Earth. (Map I.)
As the orlJits of Mercnry and Venns lie 11Jithi1£ the Earth's orbit,
it is plain, that once in every synodical revolution, each of these
planets will be in conjunction" on the same side of the Sun. In
the former case, the planet is said to be in its inferior conjum­
liun., B,nd in the latter case, in its suptrior conjuncti01I; as in thl'
following tigure.

Lellhe sludent Imagine hIm­
Belt stationed upon the eartli lu
the cut. Thell the Bun and three
planets abo"'e are in COfl-June.
tion. TIle ill.lerior and 8upe~

rWr are distinguished; wh!le at
A, a planet is suown ill quadra­
tUl'~, H.ud at the bottom of th~

cut the plant t Mars in oppolri­
timl with the lun and iJltt:rior
planet.

The period oC Venus'synodi.
cal revolution is found in the
same manner 8S thRt of Mer­
cury; namely, by dividing tbe
wbole circumference of her orbit
by her mean rela~ifJ6 motion in
a day. Thus, Yenus' absol'lJUl
mean daily motion is 1- 86' To.S,
the Earth's 18:>9' S" .8, and thd,
ditrel'ence it. 86' ~9·.t). Divide
860 0 lIy 86" 611 0 .6, and II giv,"
688.920, or nearly 684 days f"r
Yenul'synodical revolutiun,ol"
the period in which she ia
twice in conjunction with the
Earlho

364 When Venus' right ascension is less than that of the
Sun she rises before him; when grllater, she appears after his
i1Cttingo 'She continnes alternately Ulorning and evening star,
for a period of 292 days, each time.

HoW' would she appear if we saw her enlightened aide when neared to us, WhBt com~
putation in the fine print l' 863. How Rre Mercury and Venul distinguished, and ,why?
Whl\t IRld of COfIJunctiom' D.scribe the inf..-io,. and 8'Upenor' How II the ",nod of
VeUlIR' aynodlcaf rcyolutton found' 8M. When ia YenullI eveninJt lta.r 1 Marnin;;l'
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To those 'h" are but little acquainted with astronomy, It will seem strange, ..t lIrst,
that Venus .-hould appar~ntly continue longer on the east or west side of the SWl, tJl&D
the whole time of her ~riodicall'evolutioD around him. But it will be easily under::lto1od,
when it 11 cO~81deredt that while Vt~nU8 moves around the Sun, at the rate or about 1° 86'
of angular motion per dllY, lhe Earth follows at the rate of 09'; 80 that ¥enus actually
galDs on the Earth, only 81' in a day.

Now It is e'ident that both plauet.J will appear to keep on the same side of the Sun,
until Venua has gained ha.lf her orbit, or 180° in advance or the Earth; and this, at a
wean rate, will require 292 days, since 292x8T'=10S04', or 180° nearly.

365. Venus passes from her inferior to her superior conjuuc­
tion in about 292 days. At her inferior conjunction, she is
26,000,000 of miles from the Earth; at her superior conjunc­
tion, 164,000,000 of miles. It might be expected that her bril­
liancy would be proportionally increased, in the one case, and
diminished in the other; and so it would be, were it not that
her enlightened hemisphere is turned more and more from us, as
she approaches the Earth, and comes more aud more into view
as ~he recedes from it. It is to this cause alone that \l e must
attribute the uniformity of her splendor, as it usually appears to
the naked eye.

366. Mercury and Venus present to us, successively, the
various shapes and appearauces of the Moon j waxing and
waning through different phases, as shown in the following cut,
from the beautiful crescent to the full rounded orb. _This fact
shows, that they revolve around the Sun, and between the Sun
and the Earth.

PR!Y8 OJ' VUUB .u SHB RKVOLT'BS AIlOU'D) ... ItJ'If.

It shOUld be remarked, however, that Venus Is never .."" when .he I. entlrely.frlU,
txcept once or twice In & century, when she passel directly over the 8un's disc. AI
every ot~erconJunction, she is either behind the Sun, or 80 near him as to be hidden by
the splendor of his light. The preceding diagram hetter illustrates the various appear­
&Ilces of Venus, as she moves around the Sun, tha.n any description of them could do

367_ From her inferior to her superior conjunction, Venus,
appears on the west side of the Sun, and is then our mornill~

.How long each' How Is It that Venus I. ea.t or west of the Sun 292 days, when h.r
I"'rlodlo revolullon is performed In about~ days? 8M. What Is the time from Qne
,onjULctlon of '"~nUB to another! b her brilliancy in proportion to her nearness? Wh»
.1("\ 1 866. What phases eta Mercury aml Venus exhibit, and what do they pro\'e?
'\I~ they e'o'er ~'n entirely full' 861. When is V~nusmornlnK star? When tv.ninK'

Coogle
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lItar; from her superior to her inferior conjunction she apptllrh
lin the east side of the Sun, /lnd is then our evening star. 'rheStl
phenomena are illustrated by the following diagram.

TD1J8 .&.8 1I0unrO AXD noma 8TAI!.

Lellhe lltudenl hold Ihe book ap """" ot him, aad he will at UDCol ..., why Vealll IR
dt.ernalely morning and evening .lar. Let the plane A B repreoent 11M) .enslble or vlsl­
I>Ie horizon, C D Ihe apparenl daily path ot \he Bun Ibrough Ihe heaven., and E Ihe
Earth In her apparenl position. The Bun 10 .ho,", al Ihree dill'erenl poln_aamely.
rising in the eaat, on the meridian, and settinl in the welt; while Venusla Been revolving
around hllll trom .....1 to e..I, or In Ihe direction ot \he arro..... No... 1110 obvloUi thaI
when VenUlls at P, or~ or the Sun, she sets before him al At G, and riBel before him
&I at II. She mUlt, therefore, be mOr11inu na,.. On the other hand, when she I, tW ...'t
of th~ 80.n, as at J, ahe lingers in the weat after the Sun has gone down, &8 at XI BDd i8
con.equenUy ..,enlng .k,I'.

In thlo cat, VenUi ...ould he al her greate.t elongallon ",meaNt at J, and _ard
at 1', and In both cnaeo ...ould he "Id<,tl&1UJ1'1I." Al Land M ,he ...ould he In oonJl""~
"",. ...lth Ihe Bun.

Were \he earUl Ie .u8pend her dally rolatlou, llh Ihe Bun on the meridian ot U"
obeerver, .. repreaenled at L, ...e might readily atch Venus Ihrough her ...hole clrcull
&rOWld the Bun.

368. Like Mercury, Venus sometimes seems to be stationary.
Her apparent motion, like his, is sometimes rapid; at one time,
direct, and at another, retrograde; vibrating alternately back­
wards and forwards, from west. to east, and from east to west.
'I'hese vibrations uppear to extend from 45 0 to 47°, on each side
of the Sun.

Consequently she never appear. In the eastern horllOn more than three hours before
aanrlle, nor contioues \onger 10 the western horizon after Buntet. Any etar or planet
therefore, however brilliant Itmay appear, which Is seen earlier or later than thifl. cannot
he Venus.

369. In passing from her western to her eastern elongation,--_._--_._------
US. 11 .be e'fer otaUl>nar/l' Whal olher Irregularities In her apparent motion'

llGO. WIlen I. hor motion dil'tc:t' When I'''I'u(Jrnd.' Whra mo.t. rapid' Whe:l

Coogle
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b~r motion is ~rom west to east, in tM OTtkr of t~ siglls; it ill
thence call~d dutd motion. In passing from her eastern to her
western elongation, her motion with respect to the Earth is
from east to west, cunJrar'!l to the order of the signl': it is
th~nce denominated rdrogrruU motilnt. Her motion appears
qlllckest ahout the time of her conjunctions j and she seems sta­
tionary at her elongations. She is brightest about thirty-six
days before and after her inferior conjunction, when her light is
80 great as to project a visible shadow in the night, and some­
times she may be seen with the naked eye even at noon-day.

INa.". "D ...."Ta<JQU.lDll MOTIORIL

The cause of the apparent re­
trogression of the interior planetA
is the fact that they revolve much
more rapidly than the earth, from
which we view them j causing
their direct Illotion to appear to
be retrograde.

SlIl'POse the earth 1<1 be at A, and Venoo '"~
B, she woukl appt"ar to be at C, amoo« C.h~

lIltars. If the earth rematned at A whir...,
V~nua wu palling from B 00 V, she wou1.l
leem to retrograde from C to E; but as the

~~:~h r~se~, ~::U8Aw~~ ~p~~; ~e~af~-
and the amount of her appareDt westward

\ motion will ouly be from C to G. •

...... 370. If the orbit of Venus lay
exactly in the plane of the Earth's
orbit, she would pass centrally
across the Sun's disc, like a dark

r<lUnd spot, at every inferior conjunction j but, as one-balf
of her orbit lies about 3t0 above the ecliptic, and the other half
as far below it, she will always pass the Sun a very little above
or below it, except when her inferior conjunction happens in, or
uear one of her nodes j in which case ~he will make a transit.
(See cuts, pages 179 and 180.)

This phenomenon, therefore, is of very rare occurrence i it call
happen only twice in a century j because it is only twice in that
time that any number of complete revolutions of Venus are jUt;t
or nearly equal to a certain number of the Earth's revolutio\ls.

'lle l'rlnciple which WBI illustrated In predicting the tranlltts of llercury, applh~
~uaJly ...ell to those of Yenul; that is, we must Dod such let. of numbt:n (reprcsen&iDJ(

3t'i~htest? State the CRUse of the apparent retrograde motion? 810. ''''hy have we not
., transi.t R.t every revolutIon or V~nusf How rr~ueDt, therefore' BoW' pl"t~dietcd 'I
'A'III~O flo h(',r node. cut Ole eclivtid'
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oomplele re\....lIItlon. or the Earth and Venuo} as .nall be to eacn other In the rallo ~r
UJ~fr periodical timl:s, or as 865.256 is to 2"24.7. Thus: the motion of Venus, in the Julian
fears, is 210659r .:;2; that of the Earth for the samt= period being 129627".4.'), the r3till

"ill be 2·l.llJ,/I-:? -·tt. As the two terms of this fraction cannot be reduced by & com
moo djvisor, we must multiply them by Imch numbers as will make onc a DlUltiple of thtl
other; accorrlingly, 18 times the denominator will be nt'arly equal to S ti1nell the nume·
rataI'; and '7~ times the de:;nminator will equal ~l times the numerator.

By combining these two Jit:'riods and their multiples by addition and SUbtraction, Wll
shall obtain the pel"iad at all the transits that hnove ever happened. Thug: 291-8 x 1=286,
anotht:r period; awl 291-6)( 8=243, another pel·iod, and so on. Whence we find UUIot.

8 periodical revolutions of the Ji.rth are t:'qual to 18 of Yenus:
235 periodical revolution. :)f the Earth are equal to 882 of Venul:
Ul periodical revolu~jon8of the Earth ar~ equal to 895 of Venus:
Y01 periodical revolutions of the Earth are equal to 4HS of YenuR:
291 periodical re\'o)uUc,ns of the Ea.rtb are equnl to 41~ of V.mus.

Hence a trsD81t of Venus may happen at the same node, after an Interval of 8 yean,
.. but it it do not happen then: It cannot take place again at the same node, in less than

285 yea... Tbe orbit or Venuo creose. lhe ecliptic nellr the middle or ""mini and Sagit­
tarius; and these points mark the pOIIition of her nodes. At preaent,her ascending DlJde
.. In lne ath degree of Gemlnl, and her descending node In the .ame degree of 81.F.!t­
tarius.

371. The node months of Venns are December and June.
The line of her nodes lies in Gemini (1I) and Sagittarius ( t ) ;
and as the :Earth always passes those points in the month~

named, it follows that all transits of Venus mnst occur in thosll
months for ages to come.

This propo.\lion will be ...ell understood by consulting lhe cuI on page 000; for •• thu
Une of VenU!' nodes is only one sign aheatl of tha.t of Mercury, the Earth will rea.ch
that point in t..he ecliptic in one month after she passes the line of Mercury's node8; 10
that if hls transite occur in Ma.y and November, hers should occur in June and December,
as il always the ca..e.

272. The first transit ever known to have been seen by allY
human beiug, took place at the ascending node, December 4th,
1639.* If to this date we add 235 years, we shall have the

~ This phenomenon was first witnessed by Horrox, a young gentleman about 21 years
of age, liVing in an obscure vill~ge 1~ mUd north of Liverpool. The tables of Kepler,
constructed upon the observu.tions of Tycho Drahe, indicated a transit of Venu! in 16.31,
but n('!le was observed. Horrux, without much a~sistance from book! and instruments,
let himself to inquire into the error of the tables, and found that such a phenomenon
lDi~ht be expectt:'d to happen in 1639. He repeated his calculations during this interval,
with all the carerulnes~ and enthusta8m of a scholar ambitious of being the first to predict
and observe a celestial phenomenon, whiell, frOlu the cr~atioll of the world, hat! never
been wit~ess{"d. Confident of the result, he communicntcll his expect~d triumph to.\
cGnfidentiai friend residing in Man~h'~ster,Rnd desired him to wa.tch fot" the ev~nl, and
to tak.~ observations. So HJu..:i..>us wa..!!! Horrox not Lo fail of witnessinM' it hilll,p,eif, thH.t he
commenced his observatioll!!! the dny bdore it was expected, and resumed them at the
':"iling of the Sun on the mOI'row. nut thp Vtry lwur when his calculations h:d him to
~l,ect the vi~ihle appt"arance of Venu::} on the Sun's disc, waH aMO t.'le (lj.pointed hOll,r
tt-.y' th~ publ-lc ·,cOI"Nhip 0./ God on the &lbbath" The deinyof a few Illinut.e! might

1(.prive him for eVer of an Cppol"tunity of observing the transit. Ir it.!!! very commence·
m·~nt were not noticed, clouds might intervene, and conceai it until the Sun r;houllt set:
s4Jd nearly a century and 8 half would elapse before another opportunity would. occur.
He had bceu waiting for the event with the ruost a.rdent RDticipation fm' eight years, and
the result promised much bcn~fit to the sci~nce. NOtldtltl1tft'Tldi1J.(J all tltu, ITor1"OaJ
twice lI'u8pendt:d hill obserfmtian8 and twioe repflir~d to tit!! I/o-use of (kd, the Grea\
Author of the bright works he d~1ighted to contemplate. 'Vhen his duty was thus per·

871. Which nre hE. T node months 'f
'DICrLsLing H.I1ecd(J'~P

312. When was the ftrtlt tr8.n~it observed Q Wtlnl
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:ime of the next transit at the same node, which will accordingly
bappen in 1874. There will be another at the same node iu
1882, eight years afterwards. It is not more certain that this
phenomenon will recur, thau that the event itself will engros~

the attention of all the astronomers then living upon lhe Earth.
It will be anticipated, and proviued for, aud observed, in every
inhabited quarter of the globe, with an intensity of 'lohcitude
which no natural phenomenon, since the creation, has ever
excited.

373. The reason why a trll.nsit of Venus should excite so great
an interef>t is, because it may be expected to solve an important
problem in astronomy, which has never yet been satisfactorily
done :-a problem whose solution will make known to us the
~agnitudes and masses of all the planets, the true dimensions of
their orbits, their rates of motion around the Sun, and their
respective distances from the Sun, and from each other. It may
be p:..pected, in short, to furnish an universal standard of astro­
nl,mical measure. Another consideration will render the ohser­
vadon of this transit pecnliarly favorable; and tbat is, astrouo­
mers will be supplied with better instl'U1nents, and more accurate
means of observat;on, than on any former occasion.

So Important, layll Sir John Herschel, have these observations appeared to astronomers,
that at the last transit 'of VenuI, in 1169, expeditions were fitted out, on the most emcien1.
scale, by the Brltisb, li'rench:, Russian, and other govt:rn!uents, to the remotest cornen of
the globe, for the express pW"pose of making them. The celebrated expedition or Captain
Cook to Otll.hcite, WaS on3 of them. Th~ general result of all tht: observiitiolls made ou
this most memora.ble occasioll, gives 8-.6116 for the Sun's horizontal parallax.

374. The phen.:>mena of the seasons of each of the planets,
like those of the Earth, depend upon the inclination of the axis
of the planet to the plane of its orbit, and its revolution around
the Sun. The inclination of the axis of Venus to the plane of
her orbit, thongh not precisely known, ill commonly estimated at
75 0

, as represented to the eye in the following cut:

rormed, and he had returned to bts cbanlber the Ber.ond time, hlB love of Iclence waS
!Vstiftcd with full SUCC~8" i and he saw whd no mortal eye had observed before r

If anything can add intt:redt to this il1cichmt, it is th~ modesty with which the yOUD,
&Itronomer apolo~izt.'s to tile world, for Il1llfpf'WUII(l hl!1l observations at all.

U I observed it," says he, U (rom 8unrilole till ntne o'clock, again a little before teD, and
lastly at noon, and from one to two o'clock; tllt' rest of the day l5'eing devoted to higher
1uties, which milht not be neglected for thela pastimes."

When lhe nexl? When anolher? How will II b. regarded? 8T8. Why Ibould" Inch
aD e\·ent excite gener:alluwrest? Remark ("f Sir John Herschel' What eXJk'dition and
1rhllt reaultl? 874. Upon what do the Ii! 11100-8 of the planets depend? 'Vhat id the
lucbnation of Venus' 8xi,. t. the plane I .er orbit? 1I0w!s ~cr orbit ail'Jated •...:111
t cfp.rC"n,,~ to thi ecliptir Y
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The orbU o(Ven... departl from the~8~", whUo 1-or aaU w inclined to tho
rlane of ber orbit 15".... obown In the .bo... IIgure. Thl. a1.lIncllon Ibould be kept
detlnltel.r In Tlew b.r the .tudenL .

375. The declination of the Sun on each side of Venus' eqna­
tor, must be equal to the inclination of her axis; and if this
extends to 75°, her tropics are only 15° from her poles, and her
polar circles only 15° from her eqnator. It follows, also, that
the Sun must change his declination more in one day at Venns,
than in five days on the Earth; and, consequently, that he never
shines vertically on the same places for two days in snccession
This may, perhaps, be providentially ordered, to prevent the too
great effect of the Sun's heat, which, on the snpposition that it
is in inverse proportion to the square of the distance, is twice as
~eat on this planet as it is on the Earth.

876. At each pole of Venus, the Sun continues half of her
year without setting in summer, and as long without rising in
winter; consequently, her polar inhabitants, like those of the
Earth, have only one day and one ni~ht in the yea;; with this
difference, that the polar days and nights of Venus are not quite
two-thirds as long as ours.

Between her polar circles, which are but 15° from hcr equator,
there are two winters, two summers, two springs, and two
autumns, every year. But because the SUI). stays for some time
near the tropics, and passes so quickly over the equator, the win­
ters in that zone will be almost twice as 1<mg as the snmmers.

The north pole of Venus' axis inclines towards the 20th
degree 01 Aquarius ; the Earth's towards the beginning of Can­
cer ; cousequently, the northern parts of Venus have summer
in the signs where those of the Earth have winter, and mce vers4.

377. Waen viewed through 8 good telescope, Venus exhibits
not only all the moon-like phases of Mercury, but also a variety
of inequalities on her surface; dark spots, and brilliant shades,
hills and valleys, and elevated mountains. But on account of

mo. What Is the amount of the 811n's decltnatioll upon Venus' What results r What
fUppo"ed design In this arrangement? 816. What said of the polar regionl ot Venul f
What of her seasoDs? How is her north pole situated with respect to the bonv,:U\) r
What coDaequence? 811. HoW' does Venus appear through 3 k'lciC()1JC'J
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the great density of her atmosphere, these ineqnalities arl; per
ceived with more difficulty than those upon the other planets.

3i8. The mountains of Venus, like those of Mercury and th'
Moon, are highest in the southern hemisphere. According to
M. Schroeter, a celebrated German astronomer, who spent more
than ten years in observations upon this planet, some of her
monntains rise to the enormous height of from ten .to twenty­
two miles. The observations of Dr. Herschel do not indicate so
great an altitnde; and he thinks, that in general they are con­
siderably ovcrruted. He estimates the diameter of Venus at
8649 miles; making her bulk more than one-sixth larger thar.
that of the Earth. Several eminent astronomers affirm, that
they have repeato!dly seen Venus attended by 0. satellite, and
they have given circumstantial details of its size and appearance,
its periodical revolution aud its distance from her. It is said to
resemble our Moon in its phases, its distance, and its magnitude.
Other astronomers deny the existence of such a body, because
it was not seen with Venus on the Sun's disc, at the transits of
1761 and 1769. It probably does not exist.

THE EARTH.

379. The Earth is the place from which alI our observations
of the heavenly bodies must necessarily be made. The apparent
motions of these bodies being very considerably affected by her
figure, motious, and dimensions, these hold an importo.nt pll\Ce in
ustronomical science. It wiIl, therefore, be proper to consider,
first, some of the methods by which they have been determined.

If, standing on the sen-shore, in a clear day, we view a ship
leaving the coast, in a;ny direction, the hull or body of the vessel

Why Ie•• distinct than the other planets' 87S. Where ne her h1rbest mountal".
",tullled' Their height' Remark of Dr. Herschel' Hio estimate of VeDlUl' diameter?
Wbat said about a 8(tleUlt. around Ven"s' 879. Relstlon of the earth to the other
plAnets in the study o! astronomy' What nece••nry, there!ore' mat proot of till
oonveXlt)' of ber 8ur(Jl\.CfI t

Coogle
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t1rst disappears; afterwards the rigging, and lastly thu top 0'
thfl tDast vanishes from our sight.

llere the obaerTer upon the ahore at A seea ani,. tbe topmast. of the ship, .hf.e the
lilaD ata.nding upon Ute pmar at B 8eel the malta and laibl, and part of the hull. Now,
., the wa~r between A snd the Ihip were ex~tl1 flAt instead of convex, the vision of A
would extend aloog lhe line 0, Bnd he could see the whf\le ship u weU &8 B. The adyan-
•age of 8 over A, in cOD&equence of hil eJeTatloD. showl that the lurface ot the water
II conveX between A and the ship.

380. Again: navigators have sailed quite around the Earth,
ann thus proved its con.vexity.

OO!fTUITY 0" Tn••.urm'. SUUAC:L

Ft=rdlnand Magellan, a PortuKUese, was the
first who carried this enterprise Into executioD.
Ue ~mbarked from SeTiIle, In Spain, and directed
his course towarria the west. After a loog voy­
age, he d~8cried the continent of America. Not
ftndlng an opening to enable him to continue his
course in a welterl1 direction, he BRoiled along the
cout towlude the south, till, coming to its 8outh­
ern ~xtrenJity, he 8ailed. around it, and found
himeelf in the great Southern Ocean. He then
reilWDed his course towards the west. After
80lUe time he arrived Ilt the Molucca Islands, in
the Etl8Ur1-.. HemlJpherd; and sailing con­
tinuall,. towards the welt, he mlLde Europe from
the eapt, arriTlng at the place Crom which he
set out.-

The nen who circumnavigated the Earth waa
Sir :Francia Drake, who sailed from Plymouth,
December 18, 1611, ...Ith live .mall ve...ls, and
arrlYed at the Bame place, September 26, 1680.
Since that time, the circumnavigation of the Earth has bee.. performed b1 Cavendlsn,
Cordel, Noort, SharteD, Heremtt.ea, Dampier, Woodell, Rogers, 8chovf.en, Roggewlo, Lord
Anion, Byron, Carteret, Waills, BougalDTille. Cook. King. Clerk, VaDcouTer, and many
0Cben;.

381. These navigators, by sailing in a westerly direction,
allowance being made for promontories, &c., arril"ed at the coun·
try they sailed from. Hence the Earth must be either cylindri­
calor globular. It cannot be cylindrical, because, if so, the
meridian distances would all be equal to each other, which is

• Msgellan salled from Sevlll~, In Spsln, Au,n.t 10, llllU,ln the .hlp called the Victory,
accompanied b1 fOllr other v.ssels. In April, 1621, he "'as killed In " sldrmi.h with the
naUve., at the Island of &1Yu, or Zebu,lIometimes called &olatan, one of the Philippine&.
Ont of bt. vellel., however, arrived "at St. Lues,. Denr 8evllle, September i, 1022.

"''lO. Wha~ -.d proof stated? Who 8r.t .alled arollnd the worlc!? Who next'
C'l1. In what dlr",Uon did they Iltll\? How did tbe... ,,01al\'"" prove the enrth to ht

Coogle
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C01.Itrary to observation. The figure of the Ea.'"th is, therefore
Bpherical.

382. The convexity of the Earth, north and south, is proved
by the variation in the altitude of the pole, and of the circum­
p(Jlar stars j this is found uniformly to increase as we approach
them, and to diminish as we recede from them.

8np~eano~erl~dml

npon tbe Eartb, and T1ewlnr ,he
pole ltar from tbe 46' ot Nortb
latitude; It would, of OOllJ'oe,-',_ =~r h~"J:o':: 4li~:';:reb:
recede 8Quthward, and as be
paseed OTer a dl'lfl"ee of laUtude,
the pole star would leUIe one
delfl'ee towards the horizon, or

~OO:boDP~~JYbeh~~v:~;:h::
delfl'ec tow....do the pole ltar,
till atlengtb, .1 he orolsed the
equator, the North ltar woull
link below the borlwn, and
become InvillbJe. '\\-'bence...,
derive the reneral rule, tha&
1M altitud. of OM f>Qlo, or loW
<hpt'tuiofo of the o/Mr,"' ......r""'" "" loW Earlh'....rJaco, U <qUal to the latit...u of lIlal placo.

883. The form of the Earth's !'hadow, as seen upon the MooQ
31 au eclipse, indicatell the globular figure of the Earth, and the
cOlUlequent convexity of its surfo.ce.

roRM or mz ••RTH'S I!IJU.D01f'.

o
8j>LoluW Y 882. What further proof ha,.. we that the earlh !II tiPherloal' What ruJe
b.,:IOJ "pon this phenomenon' 888. What otber evldenoe that the earth ilalflobcl
What remarltl respeeling the eurnture.t th. earth'l InrI.... , Whal ruI.. laid doO'"
........ _n tbil ourvl\ll1reT

Coogle
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"ere the Earth a cube as shown at A, or In the form of a pt"l8m, III repretlenled at B
her !IhadoW' would be more or IeB! cubical or prismatic, as leen in the cut; but iusle-;;J
At this, it is C01Jil'.la;e on all 8'i<U8, lUI represented at 0, plainly Indicating the convexity at
tht! Earth by which it is caused.

The curvature of the Earth for one milt,' is S Incbes; and this eurvll.ture Increases with
tbe square of the distance. From thIs general law it wW be easy to c:.ll1culate the distance
at which any object "'hose height is given, may be It-en, or to determine the heilht of aD
,Jbject when the distance Is known.

lst. To find the height of the object when the distance Is given.
RULlO. Fi1Ul the square a/thed~. in miles, a1Ul tak<l fIwo-tMrds a/thai. MmIb....

for the MighJ, in/eel.
Ex. 1.-How high must the eye of an observer be raised, to see the 8urface of tbe

ocean at the distance of three miles? .A.... The square of 8 ft. Is 9 ft., and ~ of , a. Is
6 ft. Ex. 2.-sUPPOS6 a. person can jut aee the top of a spire over an extended plain of
ten miles, how high I. the steeple? .Am. The square of 10 Is 100, and ~ of 100 Is
00'> feet.

2. To find the distance when the height is given.
RULK. I1Wroase the keigl.t if> feet one-half, afUl _act the square root,.ft>r the tiM

lance ift. miles.
Ex. I.-HoW' far can a person see the surfae~ of a plai:l, wbose eye ill elevated .Ix

(eet abovt' it l' ..d.1U. 6, increased by half, is 9, and the square root of 9 Is 8: the distance
is then S-miles. Ex. 2.-To what distance can a person see a Hghthouae whose height
is 96 reet from the level of the ocean? .Am. 96 Increased by its half, Is 1"- and the
Jquare root of 144, is 12; the distance i. therefore 12 miles.

8. To tind the cunrature of the Earth when It exceeds a mile.
R"IoK. Multiply the square a/the dist<lInC6 by .000126.

384. Although it appears from the preceding facts, that the
Earth is spherical, yet it is not a perfect sphere. If it were, the
length of the degrees of latitudll, from the equator to the poles,
would be uniformly the same; but it has been found, by the
mo8t careful measurement, that a~ we go from the equa.tor
towards the poles, the length imreases witI/, tM. latitlule.

These measurements have been made by the most eminent mathematicians of dUferent
oountries, and in various places, from the e~.uator to the arctic circle. They have found
that a degree of latitude at the arctic circle Was nin<HJUrtunth8 of a mile longer than &
degree at the equator, and that the ratio of increase for the interlUediate degrees Wal
Dearl,. as the squares of the Binel of the latitude. ~hus the theory of Sir Isaac Newtoa
1(&8 confirmed, that the bod,. of the Earth was more rounded and convex between the
tropics, bnt conaiderably flattened towards the poles.

Places qf LaUtlMie. UJn{lth ~ a degree I" Oba_.....
Obu~atIot&. Eng i8h mile,.

. _------
Pern Equator. 68.732 Bouguer,
Pennsylvania 89° 12' N. 68.896 Mason and Dixon,
Italy 48 01 68.998 Boscovicb and Lemaire,
'ranee 46 69.054 Delambre and Meohaln,
England 51 29 M" 69.146 MUdge,
a.-eden 66 20 10 69.299 Swamberg.

385. These measurements prove the Earth to be an oblate
SpMTUl.d, whose longest or equatorial diameter is 7926 miles, and
polar diameter, 7899 miles. The mean diameter is, therefore,
abollt 7912, and their difference 27 miles. 'l'he French A('.ade-

&'k. Hu, Is ti" earth a "pMre' Wl,,,t preof to the contra.',,? 88.'5. What, then, 10
'!:Ie earth's real figure l' What dUference in her p"lar and equatorial diameters r wnat
rl6IlwonslrrLt:on tlmt the earth Is not aD exaot.'81lheTt'i'

R.U 9
..
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my have determined that the mean diameter of the Earth, from
the .4Oth degree of north latitude, to the opposite q.eg:-ee of
80uth latitude, is accurately 7912 miles.

If the Earth were an e:s:act sphere, Ita diameter might bo

(0
A. B determined by its curvature, from a sing;e measurement. Thul,

D In the adJoinwg flgul"e, we have A B equal to 1 mile, and B D
.I equal to 8 inch8ll, to lind A E, or B E, which does not scnslbly

• ( di«er from A E, .ince B D Is only 8 Inches. Noll' It I. a propo-
.i~ion of Euclid (B. 8, prop. 36), thai, when from a point with­
out a circle, two llnes be drawn, one cutting and the other
louchlng It, the touching line (B A) Is a mean proportional be­
tween the cutting line (B E) and that part or it (B D) withollt
the circle. .

B D: B A: : B E or A E very nearly.
11: That is, 1 mUe being equal to 68,8llO Inches,

8 : 61l,860 :: 1 : 7,920. mile&.
ThIA il very nearly what the mOlt elaborate calculation. make the Earth'l equatorial

£lameter.

386. The Earth, considered as a. planet, occupies a favored
rank in the Solar System. It pleased the All-wise Creator to
assign its position among the heavenly bodies, where nearly all
the sister planets are visible to the naked eye. It is situated
next to Venus, and is the third planet from the SUD.

To the Icholar who for the fll'1lt time takel up a boot on astronomy, It will no doubt
seem luange to flnd the Earth cla••ed w1lh the heavenly bodies. For what can an!'ear
more unlike, than the Earth, with ht=r valt and seemingly Immeasurable extent, and the
stars, which appe!\r but aa points P The Earth Is dart and opaque, the celestial bvdies
are brillian'. We perceiTe in It no motion j whlle in them we observe a continual change
of place, as we view them at di1feren' houri of the da7 or nigh', or at Jilferent leason.
of the year.

387. It moves round the Sun from west to east, in 365 days,
ti hours, 48 minutes, and 48 seconds j and turns the same way,
on its axis, in 23 hours, 56 minutes, and 4 seconds. The former
is called its annual motion, and causes the vicissitudes of the
seasons. The latter is called its diurnal motion, and produceR
the succession of day and night.

The Earth's mean distance from the Snn is about 95,000,000
of miles. It consequently moves in its orbit at the mean rate of
68,000 miles an hour. Its equatorial diameter being 7926 miles,
it turns on its axis at the rate of 1040 miles an hour.

Thno, tho Earth on which we stand, and which has served for age. as the unshaten
foandation of the firmelt struoturcA, iA every moment turning swiftly on its center, a.ru.
a.t the same time, mOTlng onwards with great rapidity through the empty space.

Thll compound motion i. to be understood of the whok Earth, wit!: all that It holdd
within It! SUbstance, or sustains upon its surface-of the solid mass beneath, of tho
ocean which flo..·• around It, of the air that rests upon It, lUld of the cloudl which floal
alx.vc It In the air. _

SSG. What said of the position of lhe earth In the BYltem? What remart as to claoaf
fylnll the earth al .. planet? 887. SLate the time of the earth'. revolution arouud tho
@Jr. f On her own axis' What are they called, respectively? What is the eartlr't!
rat"n dlBtance from the sun' ' lUi mean rate of motion In itl orbit' Hourl.1 mot.lotl "If
)l'dI.. at the eql1&tor? What tworold motion there? Include. wh',tr
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388. That the Earth,'in common with all the planets, revolves
oround the Sun as a center, is 0. fact which rests upon the clear­
est demonstrations of philosophy. That it revolves, like them,
upon its own axis, is a truth which every rising and setting sun
illustrates, and which very many phenomena concur to establish.
Either the Earth moves around its axis every day, or tAe wlwlt.
I~niverse moves around it in the same time. There is no third
opinion that can be formed on this point. Either the Earth
inust revulve on its axis every twenty-four hours, to produce the
ultc"rnate succession of day and night, or the Sun, Moon, planets,
comets, fixed stars, and the whole frame of the universe itself,
must move around the Earth, in the same time.

3S9. To suppose the latter case to be the fact, would be to
east a reflection on the wisdom of the Supreme Architect, whose
laws are universal harmony. As well might the beetle, that in
a moment turns on its ball, imagine the heavens and the earth
had made a revolution in the same instant. It is evident, that
in proportion to the distance of the celestial bodies from the
Earth, must, on this snpposition, be the rapidity of their move­
ments. The Sun, then, would move at the-- rate of more than
400,000 miles in a miuute; the nearest stars, at the inconceiv­
ahle velocity of 1,400,000,000 of miles in a second; and the
most distant luminaries, with a degree of swiftness which no
numbers could express, and all this, to save the little globe we
tread upon, from turning safely on its axis, once in twenty-four
hours.

390. The idea of the heavens revolving about the Earth, ill
encumbered with innumerable other difficulties. We will men·
tion only one more. It is estimated on good authority, that
there are visible, by means of glasses, no less than 100,000,000
of stars, scattered at all possible distances in the heavens above,
beneath, and around us. Now, is it in the least degree probable,
that the velocities of all these bodies should be so regulated,
that, though describing circles so very different in dimensions,
they should l'omplete their revolutions in exactly the same time?
In short, there is no more reason to suppose that the heavens
revolve around the Earth, than there is to suppose that they
~volve around each of the other plar;ets, separately, and at the
saine time; since the same apparent revolution is common to
them all, for they all appear to revolve upon their axis, in d~ffer­

ent periods.

ll8!l. Wbat t....o motion. baa the nrtb Y What proof of be. dIurnal revolution f I'W.
;\ hy nol BUI'P"" the b.....ea. revolve around 1llI , 8110. What Mtber p1'llOlf
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391. The rotation of the Earth determines the lengtb or th~

day, and may be regarded as one of the most important ele­
ments iu astronomical science. It serves as an universal measure
of time, and forms the standard of comparison for the revolu­
tions of the celestial bodies, for all ages, past and to come.
Theory and observation concur in proving, that among the innu­
merable vicissitudes that prevail throughout creation, the period
of the Earth's diurnal rotation is immutable. .

SOLAR AND SIDEREAL TIME.

392. The Earth performs one complete revolution on its axis
ill 23 hours, 56 minutes, and 4.09 seconds, of solar time. ThiiJ
IS called a l'itkreal day, because, in that time, the stars appear
to complete one revolution around the Earth.

But, as the Earth advances almost a degree eastward in it.s
Jrbit, in the time that it turus eastward around its axis, it is
pla,in that just one rotation never briugs the same meridian
around from the Sun to the Sun again j so that the Earll)
requires as much more than one complete revolution on its axis
to complete a solar day, as it has gone forward in that time.

I

IOUJI un 8IIlDUL TDIL

~ G al::::~:;~_-==::::::::::::=. __

~
------...-..-- i B

,. -----:- • SUN ON TilE MtlllDIAN --AO
1!

To the man at A the Bun (B) Is exactlr on the meridian, or It II wel"e o'c1oct, nocm.
The Earth PUBeS on from B to D, and at tbe same time revolves on ber &:K18. When she
re_ches D, the man who ba! stood on the same meridian has made a complete revolution,
al determined by the ltar G (Which wal also on his meridian at twolve o'clock the dar
before); but the Sun II now «;lIlt of the merldlau, and he must wait/our mln_ for the
Earth to roll & Uttle further eastward, and bring the SUD agate over his north and south
line. If the Earth was not revolving around the SUD, her 801al' and 8idereal days would
be the lame; but a' ;t 11, abe hatl to perform a little more than one complete revolution
each 80lar day, to bring the Sun on the meridian.

393. It is obvious, therefore, that in every natural or solar
day, the Earth performs one complete revolution on its axis, and
tIle 365th part of another revolution. Consequently, in 361>
days, the Earth turns 366 times around its axis. And as every

891. What relatlvu h;\- the earth'a diurnal revolution to time' "'11at said ot its regu·
.srUy? 892. What Is the time required for a complete revolution? Explain the t'.Ufer·
cnce between Nlar and ll'ideretU time' 898. Is a sola.r day more than a comple~
revohuloD ~f Ql. earth 011 her axis' To what does thia o.x:~&.!1 alDOunt iu a yt:nr V
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reNlution of the earth on its axis completes a sidertsl day,
the:-e must be 366 sidereal days in a year. And, generally,
since the rotation of any planet about its axis is the length of 11

sidereal day at that planet, the number of sidereal days will
always exceed the number of solar days by one, let that number
be what it may, oue revolution being always lost in the course
of an annual revolution. 'This difference between the sidereal
al1d solar days may be illustrated by referring to a watch or-#
clock. When both hands set out together, at 12 o'clock for
instance, the minute hand must travel mortl than a whole circle
before it will overtake the hour hand, that is, before they'will
come into conjnnction again.

394. In the same manner, if a man travel around the Earth
f.fLStwardly, no matter in what time, he will reckon O'7le day more,
on his arrival at the place whence he set out, than they do who
remain at rest; while the man who travels around the Earth
wutwardly will have one day Ius. From which it is manif~st,

that if two persons start from the same place at the same time,
but go in contrary directions, the one traveling eastward and
ihe other westward, and each goes completely around the globe,
althongh they should both arrive again at the very same hour
at the same place from which they set out, yet they will disagree
two whole days in their recko·Jing. Should the day of their
return, to the man who traveled westwardly, be Monday, to
the man who travelled eustwardly, it would be Wednesday;
while to those who remained at the place itself, it would be
Tuesday.

395. Nor is it necessary, in order to produce the gain or loss
of a day, that the journey be performed either on the equator,
or on any parallel of latitude: it is sufficient for the purpose,
that all the meridians of the Earth be passed through, eastward
or westward. The time, also, occupied in the journey, is equally
unimportant; the gain or loss of a day being the salDe, whether'
the Earth be traveled around in 24 years, or in as many hours.

"396. It is also evident, that if the Earth turned around ita
luis but once ina year, and if the revolution was performed the
same way as its revolntion around the Sun, there would be per­
petual day on one side of it, and perpetual night on the other.

Hence what I!"neral rule' What 1lI1L!tratlon referred 10' lI1I4. What eft'ect has tr....
Yellng east or w.st, upon tim.y Hence what r...lit? 8Wl. 1.0 It Important that lbe sup­
posed journe)'ll be perfonned In a short period' SIlt!. How would It be If tl. EanlJ
reYolved on ber axll but once a Tear'
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hom lIIeoe faclllllle pnpll will readDy comprehend the prlnclplel InTOlved In a Ca.'ioDl
problem which appeared a few years ago. It was gravely reported by an American ship,
that, In lailing over the ocean, It chanced to lind 810 Su",laV8 in FdJruarv. The .fuel
was inlisted aD, and 0. solution demanded. There Is nothing abRuni in this. The Dlali
who travels around the earth MlBt'UJardl1l1 wlll see the SUD go down a little earlier every
lucceedlng day, than If he had re1llalned at relt; or earlier than they do who Ihe at tht:
place from which he Bet onto The faster be travels towards the rilling SUD, the BOoner
will it appear above the horison In the morning, and so much sooner will it set in the
evening. What he thul ,ains in til1ld, will bear the same proportion to a lolar day I &!

the distance traveled does to the circumference of the Earth. As the globe is 860 degre~s

. In circumference, the SUD will appea.r to move over one twenty~fourthpart of ita surface,
~.. :Jr 14° eTery hour, which is 4 minutes to tJ1U degru. Consequently, the Sun will rise,

come to the meridian, and set, 4 minutes sooner, at a place 1· east of us, thAD it will
wUh us; at the dist.nnce of go the Sun will rlae and set 8 minutes IOOner; at the distance
of So, J2 minDtes sooner, and so on.

Now the man who travels one degree to the east, the .6.nt day will have the Sun on his
meridian" minutes BOOneI' than we do who are at re8t; and the .econd day 8 minntes
lOaner, and on the third day 12 minute. looner, and 10 on; each sucC8ssiv6 day being
completed" minute. ebrlier than.he preceding, until he arrives again at the place from
which he ltarted: when thlA contInual gain of 4 mInutes a day will have amounted to a
whole d:ly in adfJllIf'&CiJ of our time ~ he having aeen the Sun rise and set mlCff mor6 than
we haTe. Consequently, the day on which he arrives at home, whate",er day of the
week it mKy be, 11 one day in adTaDc" of oun, and he mUlt needs nve that day o",er
again, by calling the next day by the aame name, in order to make the acconnu
harmonize.

If thl. should be the last day of February In a bl.le"tIIe year, It would al.o be the
...me day or the week that the flrBl wal, and be IIx tim.. repeated, aDd If it .hoiLd
happen on Sunday, he would, under these circumstances, have lis Sunday. in February.

Again: whereas the mao who travel. at the I'ate of one degree to the eu&, will have
all lIl8 days 4 minutes~ than oun. 80, on the contl'ary, the man who travels at the
'Kwe rate towards the west.. will bave all his day! " minute_long. than ourl. When be
has finished the circuit of the Earth, and arrived at the pla.ce tram which he flnt let
out, he will haTe Been the Sun rise and set tmOt!I lM8 than we have. CODlIequentJ.y, the
jJIY he gets home will be Q'1U: dayajUr the time at that place; for which reasoD, if he
arri,e8 a.t home on Saturday, acc~rdlng to his own account, he 'Will have to call the next
day Monda1l; S!mday haTIng gone by before he reached home. Th.... on "hatever day
of the week Jam.aary should end, in common yearl, he would find the same day r~J>Pated

only th.ree time. in February. If January ended on Sunday, he WOuld, under th.ae cir~

eumrtance., lind only tJ&rtItJ Srmda1l8 U.F~.

397. The Earth's motion about its axis being perfectly p,quable
and uniform in every part of its annual revolution, the ilidereal
days are always of the same length, but the solar or natural days
vary very considerably at different times of the year. This varia­
tion is owing to two distinct causes, the inclination of the Earth'!!
axis to its orbit, and the inequality of. its motion around the Sun
From these two causes it is, that the time shown by a well-regu­
lated clock and that of a true sun-dial are scarcl!ly ever the
same. The difference between them, which sometimes amo1mtll
to 16:1 millutes, is called the Equation of Ti1TU!, or the equ:,tion
of solar days.

What curlou. faclll accounted for r What lupposltlon of a man traveling ea.t",ard
une degree a day! What elfect upon the time of the Sun's pa..ingthe ."erUian! Upon
the Iffl,gth ~f his da) r What change or """'" may it require r 8t1. Are the oolar
and lidereal dUyl alik' uniform a. to length r Why do .ol"r dayl vary iIlienSIll r Wl4
do nol a dI6l and olooA: agree! What Is the 1I'qu<UioJo qf 7''''.. ,
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~v",nmr 01' ftIIII
1'bo dll'.r.n~. betw,"", N .

M&m and apparMJl, time,
Of, in other words, betW't'eQ
Equinnctial and EclipU<J
time, may be further .hOWD
by this ftgure, which repre­
sents the circles of' the
sphere Let it b~ fint pre­
mised, th.t equinoctial time
is clocJc time; and that
~clipt"' time ia IOlar or
av,Par..m time. It appear.
truLt from Aries to Ca.ncer t ,..

the Sun In the ecliptic come. .....- ...--....~--....---....--~....----1l:::!:
to the meridian before the
equinoctial SlID; from Can­
cer to Libra, aft.iJr it; from
Libra to Oapricorn b~re

it; and from Capricorn to
Arieo after It. If we notice
what months the SlID is in
t.hese lever&! quarters, we
.hall lind that from the Illlth
of December to the 16th 0 f
April. and from the 16th of
JlIDe to the lst of Beplem- II
ber. the cloc.t i.tI_than
the Bnn-dlal; and that, from
the 16th of April to the 16th of Jl1Oe. and from the lst of Beplemb.r to the Illth of De.
the _-dial ia fa.ter than the clock.

398. It is an nniversal fact, that, while none of the planet!! are
perfect spheres, none of their orbits are perfect circles. The
planets all revolve abont the Sun, in ellipses of different degrees
of eccentricit.y j having the Sun, not in the center of the elliplle,
but in one of its foci.

Th. Ilgure A D B 11: ia an elUpu. Th. lin. A B Ia D
called the tl'anlverae &SIs, and the line dra1fD through
tbe middle of tbl. line. and perpendicular toll, I. tbe
coqjugate axlll. Tb. point O. the middle nf the tra....
Yerae a"la, ia the e<mter of the .lIIpse. The points
P and f, equally distant from 0, are called thb Jbc'.
o p. the dl.tance from the cenler to one of the foci, A B
I. called the eccentricity. The orbits of the plan.ts
being .lIIp.... baYing the Sun In one of the focI, If
A D B E be tbe orbit of a planet. with tbe SI10 In the
focus', when the planet is at the point At It wLll be In
Ita perlhell<m, or nearest the Sun; and when at the ..
poiot B In II. ap1WUm, or at its gr.ale.t di.tance ..
from the 8ull. The dUference In these diltances II:
.vitl.r.tly equal to P f, thaI Is. equal to twlc. the eccentrfcll7 of Ita orhlL In ."''7 rIYo­
lution, a planet palses through its perihelion and aphelion. The eccentricity Jf the
[arth'. orbit Is Kbout ODe and a half millions of mile.; hence she Is 8,000,000 of mae,
nearer the Sun in uer perihelion, than in her aphelion.

Now 88 the SUD remains fixed 10 the lower focus of tbe F..arth's orbit, It II ea.,. to per­
'.eive tha~ :\ line. pa.liII»ing centrally through the Sun at right aogles with the longer ull
of the orbit. will dlYide It into two unequal .egments. Precisely thllo8 ~t is ttt.n1Ud by
U"" cquirwctlat.

399. That portion of the Earth's orbit which lies abou the

89S. What Is the true fO~Dl of tbe planeta' orbits? Why Ie .quinoctl,,1 time Irr.lfUlar'
899. HoW' i. the Earth'" orblt divided by the ~quln(}ctial?
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Sun, or 'IlorlA of the Aquinoctial, contains about 184 degrees i
while that portion of it which lies below the Sun, or south of thfl
equinoctial, contains only 176 degrees. This fact shows why
the Sun continues about eight days longer on the north side of
the equator in summer, than it does 011 the south side in willter.
Th~ exact calculution, for the year 1830, is as folloffs:

d. h. m. d. h. m.
,rom \he "'ernal equinox to the Bummer lolatlce, - Ii 21 19 ~ 88
From the Bummer BolBtlce to the autumnal equlno". ;;; Ill! 14 1 1 11 It
From the autumnal equlno" to the winter .olstlce, = 89 17 11 178 IS 30
"rom the winter .olstlce to the vernal equlno", = 8lI 1 18 ----
DllIIlrence In favor o( the north side, = 1 lS 48
The poluts o( lhe larth'. orbit which correspond to Ito greatest and least distanc..

from the Sun, are called, the former the .Apogu, and the latter the P.rig",,; two Greek
word., the former o( which s1gnllles fr<»n fhtJ EarlA, and the latter alJuuI fhtJ EarlA.
These points are alse de.lgnated by tho common name or .Apft<.lN.

400. The Earth being in its perihelion about the 1st of Jan­
nary, and if) its aphelion the 1st of July, we are 3,000,000 of
milcs nearer the Sun in winter than in midsummer. The reason
why we have not, as might be expected, the hottest weather
when the Earth is nearest the Sun, is, because the Sun, at that
time, having retreated to the southern tropic, shines so obliquely
on the nOl'thern hemisphere, thatrits rays have scarcely half the
eil'ect of the summer Sun j and continuing but a short time above
the horizon, less heat is accumulated by day than is dissipated
oy night.

401. As the Earth performs its annual revolutio'n around the
Sun, the position of its axis remains invariably the same j always
pointing to the North Pole of the heavens, and always c:.ain­
taining the same inclination to its orbit. This seJlms to be pr<>­
videntially ordered for the benefit of mankind. If the axis of
the Earth always pointed to the center of its orbit, all external
ohjects would appear to whirl about our heads in an inexplicable
maze. Nothing would appear permanent. The mariner could
no longer direct his course by the stars, and every index in
nature would mislead us.

Wh~t phenomenon doe. thl. explain' 400. When Is the Earth In Its perihelion' IU
aphtllo.. ' What dlll'erence In Its distance from the Sun' Why, then, have w. not tho
lPa=ellt """'her in January' 401. What said o( the permanency of the Earth'll .....?
Bow wouid It be if either pole wu toward the Sun ~
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CHAPTER IV.

TIIE "MOON-HEl\. DISTANCE, MOTIONS, PHASES, &0.

402. THERE is no object within tlle ~cope of astronomical
observation which affords greater variety of interesting investi­
gation than the various phases and motions of the Moon. From
them the astronomer ascertains the form of the Earth, the vicis­
situdes of the tides, the causes of eclipses and occultations, the
distance of the Sun, and, consequently, the magnitude of the

~ solar system. These phenomena, which are perfectly obviou!l to
the unassisted eye, served as 0. standard of measurement to all
nations, until the advancement of science taught them the al!van­
tag-es of solar time. It is to these phenomena that the nal'iga.­
tor is indebted for that precision of knowledge which p:uides him
with well-grounded confidence through the pathless ocean.

The Hebrews, the Greeks, the' Romans, and, in general. all
the ancients, used to assemble at the time of new or full Moon,
to discharge the duties of piety and gratitude for her unwea;ied
attendance on the Earth, and all her manifold uses.

'l'he philosophy of the cluLngu of the Moon is illustrated J,y
the following cut:

PHILOSOPHY OJ' Ta. JlOO.'s CBdO••

2 !' ::~I~~:·~.
.f)re" ~ f)\ ',0'3'" ••••_ •••-.

eIIilOUS'-JD r! B~ o.~t.R~._~ •••••··"·· ~
f FuL f "~~.....\..~~'::'..~!)~ .....""'" - .E-.

3f)-QE ",:::::.c.··f)~..·--·,---

\\.F,r n/)
W48BOUS G. ~ .1)., •

(). ;:~--- /l) •.....-.._.'ir..........
+ \

TIll. cut .epre.onto tho moon revolving o..tward aronnd the Ilarth. In tho <utold'
eirc!e, ~he is reprel!lented 8.8 ahe would appear, if viewed trom a direction At rilfht &ngleJ
..ith the plane of her orbit. The side toward the Sun I. enlightened in eTery case, and
Ihl' appears like a half moon at every point.

402. WIJRt BAi J of the Moon'8 motions and phases? What learned from them' Row
11'::"" Roehml!)'? Howat flu.' prhent time? HoW' did the ancient. observe the new :n.:
(nil n:ooll"'l'

9*
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The interior lult representl her al Ihe appears when viewed from the earth. At A It 1/1
New Moon; and if leen at a1180 near the 8Ull, she would appear like a dark globe~ At
B Ihe would appear like a crescent, conCH,ve toward the ea15t. At Ct more of her enligltt­
ened .ide Is vtsible; at D Itill lDore; and at E the enlightened hemisphere III fully in
Tiew. We then call ber a Full Noon. From E around to A again, the dark portioo
become" more and more viHible, &8 the luminou8 part goes out of view, till sbe comes ,.
her change at A. Wh.n at D and , the moon II said to-he qwbQU,/J.

(03. When the Moon, after having been in conjunction with •
the Sun, emerges from his rays, she first appears in the evening,
a little after sunset, like a fine luminous crescent, with its convex
side towards the Sun. If we observe hcr the next evening, we
find her about 130 farther east of the Sun than on the precediug
evening, and her crescent of light sensibly angmented. Repeat­
ing these observations, we perceive that she departs farther and •
farther from the Snn, a8 her enlightened surface come~ more and
more into view, until she arrives at her first quarter, and comes
to the meridian at sunset. She has then finished half her CQurse
from the new to the full, and half her enlightened hemisphere is
turned towards the Earth.

404. After her first quarter, she appears more and more gib­
bous, as she recedes farther and farther from the Sun, until she
has completed just half her revolution around the Earth, and is
seen rising in the east when the Sun is setting in the west. She
then presents her enlightened orb full to our view, and is said
to be in opposition; because she is then on the oppositll Rille of
the Ea.rth with respect to the Sun.

In the first half of her orbit she appears to pass over our
heads through the upper hemisphere ; she now des.:cnds below
the eastern horiz.on to pass through that part of her orbit which
lies in the lower hemisphere.

405. After her full she wanes through the same changes of
pearance as before, but in an inverted order; and we see her in
the morning like a fine thread of light, a little west of the rising
Sun. For the next two or three days she is lost to our view,

. risiug and setting in conjwn.ctw" with the Sun; after which, she
passestl()ver, by reason. of her daily motion, to the east side of
the Slln, ILnd we behold her agllin, II. new Moon, as before. In
changing sides with the Sun, she changes also the direction of
her crescent. Before her conjunction it WILS turned to the east;
it is now turned towards the west. 'l'hese different appearuncl:.lI
of the Moon are called her phases. 'l'hey prove that she shines

108. ExplKin the c"ule of the change! of the Aloon' 404. How ..fter her IIrst quarter'
406. How alter her full' What cbanie In her crescent? What do the Aloo...•• ph....'
pro,"" ,
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but on oblervfng the Moon when, by GreenwiCl.
time, she ought to be a' 0, she Is found to be at F. or
only about 20· we~t of the star D. It i81 therefol"~,

obvious that the skip is west of Greenwich, as the
Moon appears e(J~t of her Greenwich place. From
th1s difference between her place as laid down In th"
tables, ant.! t.t:r uh::;crved place, 3S referred to 1:t'I"­

tain prominent st;lrs, the marIner determines how
far he is eatit or we~t of the meridian of Greenwich.
'fhe )1000"1 gt'ocentric place (or place as viewed
trom thl"'cent~r uf the Earth) may be given instead
of her Greenwich place, and the same conclusivol
arrived at. In either case, this is called the lunar
uU!lJwd of determining the longitude. It is also &8oer·
tawed by simple cODJparison of local and standard
time, tilat a man, Bayd Sir John Herschel, by merely
measuring tbe Moon's apparentdi8tance from a allar,
with a liltle portable instrumenl held In hill hand,
and applied to hls eye, even with so unstable a foot­
Ing ao lhe deck of a Ihlp, Ihall 88Y pooitivel;y wi Lhin
five miles where he Is, on a boundless ocean, canna'
but appear to periODS ignorant of physical aatronomy
an approach to the m1racuioUi. And yet, ""71 he.
the altemall.... ofllteanddeath.wealtb and ruin
are daily and hODrly olaked, wilh perfect con1lde.oce
OD these marvellous computations.

408. The Moon is the nearest of all the hea,enly bodies, being
about thirty times the diameter of the Earth, or 239,000 miles,
distant from us. Her mean daily motion in her orbit is nearly
fourteen times as great as the Earth's i since she not only accom­
panies the Earth around the Sun every year, but, in the mean
time, performs nearly thirteen re\Tolutions about the Earth.

Although the apparent motion of the Moon In her orbit II greater than that of any
other heavenly body, since she palllel over, at a mean rate, no lei. than IS- 10' 86- in a
day; yet lhio II to be underlllcod aI a"{l'Ular motion,-motlon In a Imall orblt-and
'l.erefore embracing a lP'eat number of <!.dgrt8ll, and bul comparativel;y few mllel.

uoon.

naIOD.

409. The point in the Moon's orbit
nearest the Earth is called PtrigfA, from
the Greek peri, about, and ge, the earth.
The point most distant is called Apogu,
from npo, from, and g~, the earth. These
two points are also called the apsides
of her orbit i an~ a line joining them,
the li'TU! of tire apsides.

See the Moon In apogee and perigee In the CDt. 1':10
Iingular of apold.1 10 ap8iB.

410. The line of the apsides of the
Moon's orbit is not fixed in the ecliptic,
but revolves slowly around the ecliptic,

408. The Moon'o dlolance' DaDy molion in orbit' How maDy degreel' 40!)
P,r1gee and Apogee' D.r1yallon' Whal oth.r name for Iheoe 111'0 polnl., Whal. I.
Ih~linc 'J! the RpBide~? 410. Is thil lino stationary? What motion' I1a pt"riOtJ c!
h;"Hlhu'on'
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from west to east, in the period
of abont nine years.

In the adjoining cut, an attempt ,. made to
represent this motion. At A, t~e line of the
apsides pointe directly to the rIght and left;
but at H, 0, and D, it is seen changing 1t8
direction, till at E the change Is very percep~

:ible when compared with A. But the same
ratio 0," change continuell; and at the end of
a year, when the Earth reaches A again, the
line of the apaides Is found to have revolved
eastward to the dotted line I K, or about 40·.
In nine years the aphelion point near A will
Ill\ve made a complete revolution, and return­
ed 1.0 ita originaJ position.

411. The line of the Moon's
nodes is also in revolution; but
it retrogrades or falls back west'ward, making the circuit of the
ecliptic once in about nineteen years.

412. Thongh her orbit is an e1lipse,
with respect to the Earth, it is, in
reality, an irregular curve, always

• CO'IIcave toward tlte Sun, and crossing
the Earth's orbit every 130 nearly.

If the Earth Itood Itlll In her orbit, the Moon
would describe ~ust such a path in the ecliptic a.
she describes with respect to the Earth.

If the Karth moved but slowly on her way, the
Moon wuuld actually retrograde on the ecliptic at
nlfJ time of her change, aud would erOSI her own
path at every revolution, a8 shown in the adjoin.
ing figure. Du' as the FAuth advances 80mp.
"6,000,000 of mUe!, or near 100 times the diR.weter
of the Muon's orbit, during a lingle lunation, it is
enden"" that .the Moon's orbit never can return into Itself, or retrograde, &8 here repra­
lented.

That the lunar orbit Is &1ways concave toward the Sun, may be demonltrated by the
IIbove diagram.

Let the upper CUrT, lIu. A B repreoent an arc or the Earth'l orbit, equal tc th&~
passed through by the Earth during half a lunation. Now the radius sud arc beiDI
!..nown, it is found that the chord A B must pass more than 400,000 roUes within the'
Earth. But as the Moon departs only 240,()(}() from the Ea.rth, as shown in the flgnre, it
follow. that she must de8crib~ the curve denot.ed by the middle line, which 11 concaVI
towa.rd the SUIl.

Thil .ubject may be ltill furlher l11uslr"ted by the rollowlng cut:

411. How with the line or the Moon's nodes? 412. What 11th. ""tua1 form or th3
~loon'l orbit? How ir lhe Earth _lood ItIlI? how sr Ih. moved but .Iowly? How II

.e Moon'. urbtt demonstrated to be always concave towards the Sun'
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B{ ra It.e plain line represento the Earth's orbit, "and the dotted one that of the Muon. ".
A ~~e )loon crosses the Earth's track 2-lO,OOO miles bektnd her. Bhe gains OQ th~ Eartt.•
tlllin ""ven days she passes her at B as a FuU Jlot>n. Continuing to gain on lhe Earlh,
Ihe crosses her orbit at 0, 240,000 loiles (IMttd or her, being then at her Third 'JtYlrkr.
From this poinl the Earlh gain. upon the Moon, 1111 .even days afterward she overtakes
her al D as .. •V.-w NOOA. Frow D to E the Earth conlinues 10 gain, 1111 al E lhe M6vn
crosses 240,000 behind lhe Earth, ... she had done four weeks bc(ore al A. Thus lhe
)Ioon ...Inds her wa7 along, first within and then wilhoulthe Earth; alwa7s gaining upou
us when outside of our orbit, and failing behind us ...hen wilhln II.

The small circles In lhe cuI represeullhe Moon'. orbil wllh respect to the Earth, whle..
.. as regular I<; U8 as If lhe Earth had no revolulion arollDd lhe Suu.

-----------------

413. The moon never retrogrades on the ecliptic, or returns
into her OWII path again; but is always advancing with the
Earth, at the rate of not Irss than 65,700 miles per hour.

1f00N'S PATB. The Moon's orbilual velocll7, wllh respect to the
Earlh, is aboul 2300 miles p"r hour. When oUlsi:!e
the Earlh, a" at B. In the lasl figure, she (/aiM 'l&'.~

miles per hour, which added to the Earlh'. veloci\]
would ,;ive 70,llOO miles as the hourly veloclly o( the
Moon. When withi" the Earlh's orbit, as al D, she
u~e8 2300 miles per hour, Which, substracled from
GS.OOtIllllles (the Earth'" hourly velocity), would leavera ~,100 miles as the sloweet motion or the Moon in

~) space, even when she is falling behind the Earth.
Could we look' down perpenlilcularly upon lhe eclil>­

lIc, and see lhe palhs o( the Earth and Moon, we should
see the latter pursuing her serpentine course, tirst
within nnd then outaide our globe, somewhat as repr~
sented by the dolled line In the annexed figure. Her
path, howe\·er, would be concave toward the Sun, .....

. 'hown on the preceding page, and not convex, &8 we
...ere obl1ged to represent it here In so small a diagram.

414. In her journeying!! eastward, the Moon often seems tc
rUII over and obscure the distant planet-l;
and stars. This phenomenon is called
nn occultation. " •

The adjoining cut represents the new Moon &8 In'lt
about to obscure a dl"tant star, by passin,; belWeeD
us and It. In tSM, she occulted Jupiler for thr..
revolulions In succession-vis., Jan. 8Uth, Feb. 27:....
and March 26th. Through a lelescope, the Moon iI'
8een to be constantly obscuring star8 that are lnvlsi
ble to lhe naked eye. They disappear behind the
Moon's eastern limb, and in a short time reapl)p.SLf
f,.om behind her western; thus dl"lInctll cl<hiblllbS
her eastward motion.

4l11. Does she ever retrog-ade on the eellpllc? What h her slowest Dlvtlon? nON
~cmonslrllled? 414. Whllt IB an tJCCUltqt!on' Remarks respecting thIs phenom..,nn,1

•
Coogle
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415. Th" Moon revolves once on her axis exactly in the timtl
that she performs her revolution around the Earth. This is Hi­
dent from ~er always presenting the same side to the Earth'
for if she had no rotation upon an axis, every part of her surfac~
would be presented to a spectator on the Earth, in the courlle
of her synodical revolutioll. It fol­
lows, then, that there is but rme day
and night in Ju·f year, containing,
both together, 29 days, 12 hours,
44 minutes, and 3 seconds.-

Suppose a monumpot erected opon the Moon's
surface,80 ai to point toward the Earth at New
Moon, as reprt::Sented at A. From the Earth it
would appear In the Moon's center. Now if the
Moon 80 revolve upon her axis, in the direction of
the arroW's, ae: to keep the pillar pointing directly
toward the Earth, as shown at A, B, 0, and D, and
the intermediate points, 8he must ma.ke just ODe
revolution on her axil during her periodic n:l'olu..
lion. At A, the pillar points/rom. the Sun, and al
C toward him: .howing that, In going half·way
round the Earth, she haa performed half a revolu­
tiun apoD ber axilt.

\()~.~ ~.

fl· .
B ~"

l)\
.........

Jl

416. Thuugh the Moon. always presents nearly the same hemi­
sphere toward the Earth, it is not always prtcisdy the same.
Owing to the ellipticity of her orbit, and the consequent
ineq~ality of her angular velocity, she appears to roll a little on
her axis, first olle way and then the other-thus alternately
revealing a.nd hiding new territory, 1100"'11 LDIaATIOJI.

as it were, on her eastern and west-
ern limbs. This rolling motion east
and west is. called her libration in
longitude.

The Rccompanylng cnt wm 1II1l1trate the snbject
of the Moon's l:'JratioDs in longitude. :f

From A around to C, the angular motion il
tiluwer than the average, and the diurnal motion '

~~~tu:~ ~~~~~h~~r~~l~:r~~~~~ ~~ ~~ ~t: ()-c
mOOD.

From C to A, again, the ~Moon advanceBftuW
than a mean ra.te, and gaiM upon the diurnal
rev.olution; BO taat the pillar points ta8t of the
Earth, and we Bee more of the 1\'1000'8 -w~.sUrn

Ihnb. Thus she seems tr Jtbrate or roll, first
o.e way and then t~~ other, during every periodic
revolution.

At B, we see most of her eastern limb; and at D, most of her weltern.

417. The axis of thll Moon is inclined to the ,flane of her
orbit only abou t one and a half degrees (1 0 30 10.8 ). But thi?

4HS. Hoy orten does th~ Moon revolve on her axil? How i. It known 1 What fol1o"'R't!
from this fact? 4.16. What are tI,. Moon'" libration"1 In !..<>ngitud., 4'1. TI>
,,·tif,~'
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slight inclination enables us to see first one pole and then tho
other, ill her revolution around the Earth. These slight rolling
motions are called her librations in latitudt

As we inclination of the Earth'. axis brings first one pole and then the other toward tho
8un, and produces tbe aea,80Ds, 80 the inclination of the Moon's uis brings first one polo
and then the other in view from the Earth. But a.a her inclination 1B only l~·t tho
libratiou iu latitude III very sUghl.

418. As tbe Moon turns on ber axis only as she moves around
the Eartb, it is plain that the inhabitants of one half of the
lunar world are totally deprived of the sight of the Earth, unless
they travel to the opposite hemisphere. This we may presume
they will do, were it only to view so sublime a spectacle; for it
is certain that from the Moon the Earth appears ten times uU"!5er
than p.ny other body in the universe.

419. As the Moou enlightens the Earth, by reflecting the light
of the Sun, so likewise the Earth illuminates the Moon, exhibit­
ing to her the same phases that she does to us, only in a con­
trary order. A nd, as the surface of the Earth is 13 times as
large as the surface of the Moon, the Earth, when full to the
Moon, will appear 13 times as large·as the full Moon does to us.
That side of the Moon, therefore, which is towards the Earth,
may be said to have no darkness at all, the Earth constantly
shining upon it with extraordinary splendor when the Snu is
absent; it therefore enjoys successively two weeks of illumina­
tion fJ;om the Snn, and two weeks of earth-light from the Earth.
The other side of the Moon has alternately a fortnight's light,
and a fortnight's darkness.

420. As the Earth revolves on its axis, the several continents,
seas, and islands, appear to the Innar inhabitants like so many
spots of different forms and brightness, alternately moving over
its surface, being more or less brilliant, as they are seen through
intervening clouds. By these spots, the lunarians can not only
determine the period of the Earth's rotation, just as we do that
of the Sun, but t~ey may also find the longitude of their places,
as we find the latitude of ours.

421. As the full Moon always happens when the Moon is
directly opposite the Sun, all the full mOOi:~::;n our winter, must
happen when the Moon is on the '/Wrtn. side of tntl equinoctial,

4"1S. Cau nil Ille Lunarlanl lee Ihe Earth? IIo" ("go musl Ihe appear !'rom t11~

1\Ioon 1 419. 'Vhat Mid of her light and phases 1 H\lWt t.hen, Rre the two hemispheres~
the Moon enlightened? 42U. HoW' must the Earth appear to the Lunarians, and what
may they infer fronlthe motion of the spots seen on her lurfacc? 421. W",ere is tJle
M,wu lOt the fuJll~ winler? In lummer? Why? What r..llli as \'l mooD1Jcht at th~

Pl)lt~d Y
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because OU'7/. the Sun is on the s()u·th side of it ; consequently, at
the north pole of the Earth, thcrc will be a fortnight's moon·
light and a. fortnight's darkness by turns, for a. period of six
months,und the same will be the fact during the Sun's abscnce
the other six months, at the south pole. .

422. The plane of the Moon's orbit is very near that of the
ecliptic. It departs from the latter only about 5io '(5° 8' 48".)

JNCLIBJ"TIOS O. TUB M005'S OJUJI'l' TO TID PL4J(_ OJ' TS_ acLlPTJC.

D-::-?---=====4••·~-====--«l"';C~ ":"E::.aL::'I::"P'I:::'IC=-- -'B~(Q)

•Let the line A B repre.ent the plane of the Earth's orbit, and the line joining the Moon
It C and D would represent the inclination of the Moon's orbit to that ot' the Earth. At
C the Moon would be wilhin the Eartb's orbit, and at D extorior to It; and It would r~

Twa Mtx>n at D, and NtJUJ Jt[00fI at c.
423. The Moon's axis being inclined only about ItO to her

orbit, she can have no sensible dk'ersity of seasons; from which
we may infer, that her atmosphere is mild and uniform. The
qnantityof light which we derive from the Moon when fnll, is at
least 300,000 times less than that of the Sun.

This is Monsieur Bouquer'lJ inference, from his experlmenta, &8 stated by La Place, in
hie work, p.42. The result of Dr. Wollaston's computations ",a,8 different. Professor
Leslie makes the light of the Moon 100,000 times less than that of the Sun; It '0',," for.
merly reckoned 100,000 times less.

424. The Moon, though apparently as large as the Sun, is the
smallest of all the heavenly bodies that are visible to the naker!
eye. Her diameter is but 2162 miles; consequently her surface
is 13 tim.es less than that, of the Earth, and her bulk 49 times
less. It would require 70,000,000 of such bodies to equal the
volume of the Sun. The reason why she appears as large as the
Sun, when, in truth, she is so much less, is because she is 400
times nearer to us than the Sun.

425. When viewed through a good telescope, the Moon pre­
sents a. most wonderful and interesting aspect. Besides the
large dark spots, which are visible to the naked eye, we perceive
extensive valleys, shel'Ving rocks, and long ridges of elevated
mountains, projecting their shadows on the plains below. Single
mountains occasionally rise to a great height, while circular hoI·
lows more than three miles deep, seem excavated in the plains.

422. How Is the Moon's orbit situated with respect to the ecliptic r 428. What 11
the Inclination of the Moon's axil, and wbat effect hae: it on her seasons and &tmo!lphere'
What is the amount of light derived from the Moon as compared with the SUll, and its
there any difference of opinion on this potnt' 424. What said of the appartiIf'IJ and
r.al diameters of the Moon r Compared with the Earth r The sun r Why, then,
appear &s large al he does' 4:25. How does she appear throuRh :\ tel("!'lcoJlC l'
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T"UaCOPlO vlln. 0' 'I'IR MOO.. 8peclmens of theBe~ rna)
be seen 10 the cut, prujbCtiltg ~!
the lert. Bright poinlll of light, or,
In other words, the Ulumin"te"
tops of mountains,. may also b~

seen near the terminatort in the
dark portion. The writer has often
watched them, and Been them ~D·

larg~ more and more, &8 the Sun
arose upon the side of the Moon
to..ard us, and enlightened th(
aides of her mOWltalns.

The ebadows are alway8 pro­
Jected in a direction opposite the
8UD, or towards the dark aide
of the moon; and a8 her eastera
limb Is dark from tbe change to the
full, and ber ..eetern from the IuD
to the ch,mge, of course the dlrec·
tion of the shadow. mUllt be re­
versed.

Suppo.e a person .tatloned a~ a
dl.tance directly over the Andes.
Before the Sun arose, be wouLd Bee
the tIlle.t peaks enlightened; and
as he aro.e, the loog shadows of
the mountain. woold extend to toe

otIclt. At 0000, ho...ever, little or 110 shado....ould be visible; but at sWl.et, tbey woold
ageio be seeo elretchlng a...ay to the eaRl. This Is precl.ely the change that i£
seen to lAke p1sce with tbe lunar .hado.... except that the tifM required Is a IUIl&l' day,
equal to aboul U; of our da,a, lostead of ooe of our day. of 12 ho......

426. The Moon's mountain scenery bears a striking resem­
blance to the towering sublimity and terrific ruggedness of the
Alpine regions, or of the Apennines, after which some of her
mountains have been named, and of the Cordilleras of our owu
continent. Huge masses of rock rising precipitously from the
plains, lift their peaked summits to an immense height in the air,
while shapeless crags hang over their projecting sides, and seem
on the eve of being precipitated into the tremendous chasm
below.

Around the base of these frij!;htful eminences, are strewed
numerons loose and unconnected fragments, which time seems to
have detached from their parent mass; and when we examine
the rents and ravines which accompany the overhanging cliffs,
the beholder expects every moment that they are to be to:on
from their base, 'and that the process of destructive separation
which he had only contemplated in its effects, is about to be
exhibited before him in all its reality.

427. The range of mountains called the Apennines, which
traverses a portion of the :Moon's disc from northeast to south­
west, and of which some parts are visible to the naked eye, rises

426. What said of the Moon's mountain scenery? 427. Of Ule Apeunlneo "\"eo'(I·,,,I,,r'

Coogle
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with a precipitous aud craggy front from the level of the Mare
Imb-rium, or Sea of Showers. In this extensive range are several
ridges whose summits have a perpentlicular elevation of fonr
miles, and more; and though they often descend to a much
lowel' level, they present an inaccessible barrier on the !lortheast,
while on the southwest they sink in gentle declivity to the
plains.

428. There is one remarkable feature -in the Moon's surfaco
which bears no analogy to anything observable on the Earth
ThIs is the circular cavities which appear in every part of her
rlisc. Some.of these immense caverns are nearly four miles deep,
/lUG forty miles in diameter. They are the most numerous in the
southwestern part. .As they reflect the Sun's rays more
eopiou!lly, they render this part of her surface more brilliant
t-han any other. They present to us nearly the same appearance
ILS our Earth might be supposed to present to the Moon if all
onr great lakes and seas were dried up.

429. The number of remarkable spots on the Moon, whose
latitude and longitude have been accurately determined, exceeds
20v. The number of seas and lakes, as they were formerly con­
sidered, whose length and breadth are known, is between 20 and
30 ; while the number of peaks and mountains, whose perpen­
dicular elevation varies from a fourth of a mile to five miles iu
height, and whose bases are from one to seventy miles in length
is not less than one hundred and fifty.

Graphical views of the!e natural appearances, accompanied with minute and famlltar
dt:5Cl'iptiODB, coustitute whali, called &leno(Jraphy, from two G~ek word!, which mean
'be same thing in regard to the Moon, 88 G«JurajJ"'lI does in regard to the Earth.

430. An idea of some of these scenes may be formed by con­
ceiving a plane of about 100 miles in circumference, encircled by
a range of mountains, of variun5 forms, three miles in perpen­
dicular height, and having a mountain near the center, whose
top reaches a mile and a half above the level of the plain. From
the top of this central mountain, the whole plain, with all its
scenery, would be distinctly visible, and the view would be
bounded only by a lofty amphitheatre of mountains, rearing-thei~

summits to the sky.
431. The bright spots of the Moon are the mountainous

rt'gions ; while the dark spots arc the plains, or more level parts
uf her surface. There may be rivers or small lakes on this

128. ""hat remarkable feature of the Moon's Inrrace noticed' 429. What numbc)
~"r.~marJ.;:able !I~ota 1 or U leas or lakes? n or mountains' What is &ltmOUt*ap!Jl' '/
-':~l'. Iff 'Y coneti'Ve JurUyof Ute lunar scenery P 431. 'What are the brightl'lilt "'pow \Ir
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DIVIIIlOISO ti114DOW.

In thil cut, Ihe f>JJfl~ body it u.. largor, and the ~h&dow projected from it die" ..
,)r grow. more broad as the disuLDce from the planet Increases.

If tbe opaque body II~ than the InminoUl one, the ohadow """",orgoa ..
point.

OOllVUOl50 8B.looW.

lIere tlUJ lumlnm.. body" tlUJ larglf', and the Ihadow convergel to a =",int, and to. ••
the form of a C07k'. •

The opaque body being .maller than the lumlnoUl ODe, the IimgtA <If III ohadow w1U 8
modilled by ItI <tWa""", &I In tbe following:

Itere, "lao, the lumlnoUl body II the larger, and both precloe';r or 'he ".me lise .. I
the cut prec~dlng i but being placed fUarer each other, the shadow wshown to be COl
Iiderably Ihorter.

437. All the planets, both primaries and secondaries, c&.s
shadows in a direction opposite the Sun (see cut on r':lxt page)
The form and length of these shadows depend upon the compara
tive magnitude of the Suu and planet, and their dil'~ance from
each other. If the Sun and a planet were of the same size, the
shadow of the planet would be in the form of a cyli·;.der, what­
ever its distance. If the planet was itLrger than the Sun, the
shadow would dil,rrge, as we proceed from the pla;::~t off into
space j and the nearer the Sun, the more divergent the shadow
would be. But as the planets are all much smolJ.r;T thau the
Snu, the shadows all converge to a point, aud take the form of 8

cone;- aud the nearer to the Sun, the shorter their shadows.

481. Why have the "u'ge.t and moat dlltant p1anetl tbo longe.t .h..do..... f UO Mq of
·.ho prbnSl't' planela ""Up.. each othorr



SOLAR AND LUNAR ECLIPSJl:S

SHADOWS OJ' '!'JIB PUKW1"8.

~17

These principle. are partly IIIUl1­
,rau'rl in the adjoining cut. The
Planets nearelt the Sun have com·
parativt"ly short shadows, while those
llIor~ r~mcte extend to a great dis­
lunee. No primary, however, casts a
shaduw Jong enough too reach the lJe.:!:t
exterior planet.

The magnitude of the Sun Is such,
that the shadow cast by each of the
primary planets always converges to
a p<.int before it reaches any other
planet; 80 that not one of the prI­
mary planets can eclipse another.
The shadow of any planet which is
accompanied by 8akJlitcs, may, on
certain occaaloDs, ec"ipse Its satel..
lites; but it 18 not long enouR'h to
eclip.. &r.y other hody. The ohado"
of a satellite or Moon, mayalso, on
certain occasions, fall on the primary,
I\Dd eclipse It.

'\.., ...----..-.....
"\\.... "-// / ~~:=~:'.~

( ((6~1)'\)') \
\~\ \. )~;~:·:V4<./."'/ )

\ v: -." '/'
"<~:~/

, _ _--_.-
438. When the Snn is at his grwlest distanre from the Earth,

and tht! Moon at her least distance, her shadow is sufficiently
10ilg to rench tho Earth, and extend 19,000 miles beyond.
When tbe Sun is at his least distance from the Earth, and the
Moon at her greatest, her shadow will not reach the Earth's sur·
face by 20,000 miles. So that when the Sun and Moou are at
their mean distances, the cone of the Moon's shadow will termi­
nate a little before it reaches the Earth's surface.

In the former case, if 8 conjunction take place when the center of the Moon comes in B
direct line between the centers of the Sun and Earth, the dark sha.dow or the )Ioon will
rall centrally upou the Earth, anti cover a circular area of 11:> miles in diameter. To all
place. lying within lilio dark opot, Ihe Sun "ill be Iol&11y eclipsed, as llIuotrated by tile
agur<.

439. Eclipses of the Sun must always bappen at New 11[0011,

nnd thuse of the Moon at Full Moon. The reason of this is,
that the Moon can never be between us and the Suu, to eclipse
him, except at the time of her change, or New Moon j and she
can never get into the Earth's shudow, to be eclipsed herself,
exoept when she is in opposition to the Sun, and it is Full
Moon

440. If the Moon's orbit lay exactly in the plane of the eclip­
tiC, she would eclipse the Sun at every change, and be eclipsed
herself at every full; but as her orbit departs from the ecliptic
oyer 5° (422), she may pass either above or below the Sun at

488. What I. the length of the Moon's shadow when she 19 nearest the Earth ar.d
!Brthest from the Sun r What when nea.rest the Sun and fartheat from Ule Earth 'I'
WhQ~ 1I'hen the Sun and Moon are at their mean distances P 439. At wha' time of the
"<Jon 0\0 "rlar eclipses al ways occur? Lunar? Why? <WO. Why not two .elar "wI
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In the right hand cat, the Moon I. aeon
revolving eastward, throwing her shado,,", upon
the Earth, and hiding Ute ....tem 11mb ol the
Bun. In some instances, however, when the
eclip.e Is very .light, It may 8r.t appear on the
fIOrtherA or~"- 11D1b 01 Ute Sun-that Is,
the upper or lower side; but even then its
tUr~ion mu.t be from ....t to ea.t. It will
also be obvioUi from this figure, that Nle aha-­
douJ or the Moon apoD the Earth mu.t also tr,,·
verse her surface from west to east i couse·
quently the .clips...ill h. v1.ible earli.r In the
we8t than in the east.

On tbe I.rt, the Moon i••e.n .trlking In to
the Earth's shadow from the west, and haVing
h.r eastern 11mb 8,·.t obocured. By holding the
book up south of him, the .tudent will 8ee at
once why the revolutIon ot the MOOD eastward
must cause a BOlar ecliple to proceed from "est
to east, a.nd a lunar eclipse from e88t to weat.
To locate objects and motioDs correctly, the
.tud.nl .honld g.nerally Imagine himself look.
ing to the south, aa we are situated north of the
equinoctial. The Bludent. should bear in mind
that n.arly all the cuto In the bo"lk are dra..n
to represent a view from northern latitude
upon the Earth. H.nce, hy holding the hook
up 8outA. of him. the cuts lI"iU generally afl'ord
an accurate illustration both of the position.
and motions of the bodies represen~

~\
... ~...:

/

both he of the Sun j and in the latter, there will be five of the
Sun, and two of the Moou-those of the Moon will be total.
'fhere are sometimes six j but the usual number is four: two of
the Sun, and two of the Moon.

The cause of thil variety 10 thus accounted lor. Althoagh the San amall:r paaaee
by both nodes only once io a year, he may pa.a the B&me node agam a ltttle berort)
the enlf of the year. In conJ~quence of tile retrograde motion or the Moon'a nodt.8,
he will come to either ot litem 118 da:rs after pas.lng the other. He may, there
fore, return to the same node in about 846 days, having Ulua palled one node~, and
the o,"ber OIICS, making each time, at each, an eclipse of both the Sun and the MOOD, or
riIIllu all. And .lnce 12 lunation., or 804 dSl1 from th.}lr.' eclip••, In the lJtJgiM&,,,,, 01
the li..ar,.eave room,for another New Moon before the close ot the year, and since this
1'1... Moon ma:r lali ..Ithln the ecUptic limit, It I. poIIlbie lor the Sun to be eclipoed again.
Thul there may be 8e1'eR. eclipsea in the Bame ye&r.

444. Eclipses of the Sun always come on from the west, and
pass over eastward j while eclipses of the Moon come on from

Loon, IICLIPSL )be east, and pass over westward. 80....,. ECUPSG.

This is a necessary result of the
eastward motion of the Moon in
her orbit.

445. The time which elapses between two successive chauges
~)f the Moon is called a L'Unation, which, at a mean rate, is about

U .....n? What I. the u.ual Damber? OaD :roa explain the cam~ of thl. variety?
441. What I. the direction 01 Ii .olar .cllpse? A lunar? Wh:r this di«.r.nce? 44Il.
WI;"t 10 a btmati<m·' What would be the .«ect Ir thp .olar and lunllT mODthI ...re
"'Ilia! t What r..ultlrom Ibe exi.t1ng Inequality?

R.G. 10
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29t day!!. If 12 lunar mouths were eXllctly equal to tl,e 12 s~hl1

months, the Moon's nodes wonld always occupy the same pomtt;
in the ecliptic, and al! eclipses would h:~ppen in the same months
of the year, as is the case with the transits of Mercury aud
Venus: but, in 12 lunations, or lunar months, there are only
a.54 days; and in this time the Moon has passed through both
her nodes, but has not quite accomplished her revolution around
the Snn ; the conseqnence is, that the Moon's nodes fall back ill
the ecliptic at the rate of about 19i° annually; so that the
eclipses happen sooner every year by about 19 days.

446. Edipses can never take placc, 'except when the Moon
is near the ecliptic; or, in other words, at or near one of her
nodE'S At all other times, she passcs above or below the Sun,
and also above or below the Earth's shadow. It is not neces­
sary that she should be txtlctly at her node, in order that an
eclipse occur. If she is within 17° of ber node, at the time of
b()r change, she will eclipse the Sun; and if within 12° of her
node at her full, sbe will strike into thc Ear\1t's shadow, and be
more or less eclipsed. These distances are called, respectively,
the solar llud lunar ecliptic limUs.

Thl••ubJect ma:r be underotood by con.ultlng the followIng lIlfUre •
TUB MOOS CHA"OIJlO .AT mFVEsDT DI8T-A.!fCIB FROli RItR B'OD1t9.

o
G

£

o

Let "he line E E repreAent the ecliptic, antI tile line 0 0 the plane of the Mllol:'~

orbit. The light globe8 Bre the Sun, and tbe dark on~8 tJle ltIOOD, which may be imagined
aa much nearer the Btudent; hence their apparent diameter is the s~me.

Let the point A. rppresent the node of the Moon's orbit. Now if the change OCClll'

when the Moon" at B, she will pass b~low the Sun. If when at C, ahe will just touch his
lower limb. At 0, she will eclipse him a nttIe, and so on to Ai at which point, it the
ohange OCCUrJ, the eclipse would be central, and probably total.

If the Moon was at G, H, I, or J, in her orbit, when the change occurred, Ibe would
eclipse the upper or northern 11mb of the Sun, according to her dll!ltance from her node
at the time i but it IIhe was at K, she would pass above the Sun, and would Dot eclipse
him at all. The points C and J will represent the Solar EcUptio Limits.

The mean ecllptio limit for the Sun is 16!4- on each side of the node; the mean ecUp­
lac ltmit for the ~IOOD is 10~- on each side of the node. In the former cue, then, there
are 8S degree. about each node, making, in all, 66- out of 860-, In which eclipses or the
!Iln may happen; in the latter cale there are 21- about each node, making, in all, ti­
tltlt of 360- In wblch eclipses of the Moon uluaJlyoccur. Thtl proportion of the -solar til
tbe lunar eclipses, therefore, hi &8 66 to 4~, or all1 to T. Yet, there are more vblit:l(l
flllipBes of the"'Moon, at any giVtlD place, than of the Sun; because a lunar eclIpse l;l
vlilible to a whole hemisphere, a solar oolipse only to a Imall por tion of it.

447. All parts of a planet's shadow are not alike dense. The

448. Where must the Moon be, with respect to the ecliptic and her nadel, fn order!,J
.... _clip•• ' Wbat meant b:r .cUpUc iim,w,' Name tb. dl.t:mce of each, respe.·t1vely,
Innn lb. node. illUStr3te. 441. Whal I. the um1Jrtr of lh. Earth or }'foon' "'I...
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darkest por tion is called the .mbra, and the partial shOOm.. the
fIf1LIl1l1bra.

Pfflumbra tl trom the Latin p~, almo8t, and umbra, amado", 10 this cut, the
Earth's umbra and penumbra will be readily found by the lettering; whUe A is the umbra,
and B B the penumlJra, of the MOOD. The laber Is more broad than It I!Ihonld be, owing
to the nearness of the Sun in U1e cut, &8 it never extends to much oYer half Lhe Earth'.
di3md~r. The etudent will lee at once that. 8ft!ar eclipses can be total ouI,. to penODI
"ithin the umbra; while to all on which the penumbrafaJlI, a portion or the Sun'l didO
..ill be obocured.

448. The average length of the Earth's umbra is about
860,000 miles j and its breadth, at the distance of the Moon, is
about 6500 miles, or three times the Moon's diameter.

A. both the Earth and Moon revolve In elliptical orhltl, both the ahove .sllmatel aro
Inbject", varlalionl. The length or th. Earth's umbra varies rrom 842,211 to 8Tl,2611
miles; and Ita diameter, where the moon pauel it, ·Yaries from M86 to~ mile•.

449. The average length of the Moon's umbra is about
239,000 miles. It varies from 221,148 to 252,638 miles,
u.ccording to the Moon's distance from the SUllo Its greatest
diameter, at the distance of the Earth, is 170 miles j but the
penumbra may cover a space on the Earth's surface 4393 miles
in diameter.

When the Moon but just touches the itmL of the Sue, or the
umbra of the Earth, it is called an aFPulse (see C and J in thl'
cut on the opposite page).

450. A partial eclipse is one in which only part of the Sun or
Moon is obscured. A solar eclil'lltl is partial to all plac.es
outside the umbra j but within the umbra, where the whole
disc is obscured, the eclipse is said to be total. A cnural eclipse
is one taking place when the Moon is exactly at one·of her nodes
If l1lRW.r, it is total, as the Earth's umbra is always broad enough,
at the Moon's distance, if centrally passed, to obscure her whole
disc. But a solar eclipse may be antral and not total, as thl'
Moon is not always of sufficient apparent diameter to cover the

lJefl.umbra' Derivation? Within which are 8clar ecltpses total? 448. The ave-rage
length or the Earth'••hado,,"? Breadth althe Moou'. dl.lance? Do they vary? WhyT
~.19. Average leuR'th of the Moon'. umbra? Does it vary? Why? Greatest dlam~ter

at the Earth's lurrace? Ortenulllbra' What Is an appuUs'" 400. A pat"","
",,!ipse? A /QtaI, A llMIWal Are aU cenlral "cllpl.o total? Why art? What calli'"
u.c:.t Wily?
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whole disc of the Sun. In that case, the e<>lipse woold be
annular (from annulus, a ring), because the Moon only hides the
center of the Sun, and leaves a bright ring unobscnred.

1'IlOO_ or .. CDTaAL .mJPlIlL

Annular.

451. It has already been shown that the apparent magni­
tudes of bodies vary as their distances vary; and as both the
Earth and Moon revolve in elliptical orbits, it follows that tbe
Moon and Sun must both vary in their respective apparent mag­
nitudts. Hence some central eclipses of the SUD are total,
wbile others are partial and annular.

T-.

.-----~
At A, the Earth II at her apWkm, an,1 lhe Bun befng at his mOlt dlltant point, will

~a.. hi. lMllt apparent magnitude. At the lame time, the Moon Is In pM'lq.., and
~p,,"a.. la.,·g.,· than WluaL U, therefore, .he pas. centrall, oYer the Bun's disc, thu
~clip.e wUl be total. .

At B. this order Is reyuraed. The Earth '" at her p4rlhtUu1l, and the Moon In apogH;'0 that the Bun appear. largm', and the Moon Itmtlllu than ulual. Ir, then. a central
eclipse occur under these circumolances, the Moon will not be large enough to eclipae the
whole of the Bun, but will lea... a ring, apparentl, around henelr. DDoblCured. Buch
ecliple will be aMO·ular.

452. The greatest possible duration of the annular appearance
of a solar eclipse, is 12 minutes and 24 seconds; and the greatest
possible time during which the Sun can be totally eclipsed, to
any part of the world, is 7 minutes and 58 seconds. The Moon
may continue totally eclipsed for one hour and three quarters.

553. .As the solar ecliptic's limits arc further from the Moon's
nodes tban the lunar, it results that we have more eclipses of
~be Sun than of the Moon. There may be seven in all in one----_.

461. Why are ""~O ,·",tra! ecllp"," total, and othen partial and annnlarT 4ll2.
!low long !DAY an anfllUlt" eclipse continue 7 A Wl<tl eclipse of the Sun 7 Of !.he Moon7
4ll8. Whloh kind of eclip".. i. moat frequent? Why? The veateat nwnber In .. yClU' f

Coogle
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rear, viz., five solar and two lunar; but the most ~sual number
IS four. There can never be less than two in a year; in which
case, both must be of the Sun. Eclipses both of the Sun antI
Moon recur in nearly the same order, and at the same intervals,
at the expiration of a cycle of 223 luuations, or 18 years of 365
days and 15 hours. This cycle is called the Pt:riod of t~

Edipsc-s. At the expiration of this time, the SUll and the
Moon''S nodes will sustain the same relation to each other as at
the beginning, and a new cycle of eclipses begins.

454. In a total eclipse of the Sun, the hllavens are shrouded
in darkness, the planets and stars become visible, the tempera­
ture declines, the animal tribes become agitated, and a general
gloom overspreads the landscape. Such were the effects of the
great eclipse of 1806. In a lunar eclipse, the Moon begins to
lose a portion of her light and grows dim, as she enters the
Earth's penumbra, till at length she comes in contact with the
nmbra, and the real eclipse begins.

455. In order to measure and record the extent of eclipses,
the apparent diameters of the Sun and Moon are divided into
twelve eqcal parts, called digits; and in predicting eclipses,
Ilstronomerll usually state which "limb" of the boo] is to be
eclipsed-the southern or northern-the time of tl .., first con­
tact, of the nearest approach of centers, direction, And numbeJ
of digits eclipsed.

nv. DlG1T8 BC1JPS&D,.............
A

~""
'4.......

456. The last ann1£lar eclipse visible in the United Stl\tetl,
occurred May 26, 1854. The next total eclipse of the Sun will
be _August 7,1869.

Some of the ancier.~s, and all barbarous nati(jus, formerly
regarded eclipses with amazement and fear, as lJIJpernatural
events, indicating the displeasure of the gods. Co JJubus is said

How many of each? Least number, and which l' Usual numher' What laid of the
order of eclipses Y Tim.~ of cych.: ? 4M-. Delcribe the effects of f'. total eClipBl" of the
P,un. The process of a lunar eclipseP ~. How are eclipses metl .. ured and recorded'
1M. WheD the Dal annular eclipse visible In t.hl. cODDlr,., The nt-"'l total r How ha.,.
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to have made a very happy nse of this superstition, as already
stated on a previous Pllb'"e. (Art. 433.)

457. Eclipses ran be calculated with the greatest precision,
not only for a few years to come, but for centuries and ages
.lither past or to comr. This fact demonstrates the truth of the
Copernican theory, and illustrates the order and stabiJ,iJ,y that
,}verywhere reign throughout the planetary regions.

The fol1ow1n~ j, a list of all the 801ar eclipses vlslhle in Em'ope and America frc,m
18l\S to the cia"" of the pre..mt c,-ntllr)". To those visible in New England, the nnmher
at dl~ta I. IUInexed. .

Day and hour. Diglto.Month.DIlJ' and hour.Year. Month. DiglIS.1 Year.

"I-8l\S-,- --H-a-r-.-1-1-6-d-I-4-A.-M-.'1--I-3>-I"ISis;- July 294M P. M.
IBlill, July 29 6 82 P. M. 216 ISi9, Jnly 19 2 0 A. M.
1860, July 18 7 23 A. M. 6" 1880, Dec. 81 7 80 A. M.
1861, Dec. 81 7 80 A. M. 4}j 1882, May n lOA. It.
186-~, Hay n lOP. M. I 1885, Mar. 160M A. It.
1860, Oct. 19 9 10 A. M. 8'0 1886, Aug. 29 6 80 A. M.
IS66, 0<.1. 8 11 12 A. M. 0 , ISS1, Aug. 18 lOOP. M.
1861, Mar. 6 8 0 A. H. I 18110, June 11 8 0 A. H.
186.~, Feb. 113 10 0 A. M. i 1891, June 6 0 0 Mer.
1869, Aug. 1 Ii 21 A. II. 101( I' 1892, Ocl. 20 0 19 P. M.
181", Dec. lIIl 6 0 A. M. . 1893, Mar. 26 4 0 A. M.
1818. 1Iay 26 8 0 A. M. I' 1896, Aug. 9 0 0 Mer.
1814, Oct. 10 4 0 A. M. 1891, July 29 9 8 A. M'l
Ibili, I Sept. 1 29 li li6 A. M. 181~. I 11~~0', June 8 0 0 Mer.
18i6,_ ;::H:::,,:.:r.-,-=llli~4::..:.11=-...::P.:... ..:;:~::1.-,---=:.,,-.-,-=~=,-,--=M:::a,,-y-,-.::28=-8=-9=-...::A.::....:M=.:.:...._1:.:1,-

The ecllp.es of 188t, 1816, and 1900 will be '!fer, large. In thole ot ISTS, 1815, and
lllSO. the 81m tDUl rHe HUpMd.

ThaI of 1816 wi1I he _ular. Tbe scholar ean conllDue tbJI table, er (lXlend It "acl!­
..ar.", by adding or suhslracUng the Oh&ldean period of 18 y...... 11 da¥a, 1 houra, 601
mlnules, and 81 aeconda.

CHAPTER VI.

PRIMARY PLANETS CONTINUED-MARS AND THE
ASTEROIDS.

458. MARS is the first of the exterior planets, its orbit lying
immediately without, or bey01ld, that of the Earth, while thoRe
of Mercury and Venus are witkin. He appears, to the TJ.aked
~ye, of a fine ruddy complexion; resembling, in color, and appllr

Ibe Ignoranl and superstitious regarded eclipses r 4lii. Whals"ld of Ihe calculallon 01
eelipst:e? What doe. this demonstrate and illultrateP 468. Position of Mare' orill"
now do.. ho apl'.,ar to tho naked eye? When mo.1 brUllantl When le!YU
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rEnt magnitude, the star Antares, or Aldebaran, near which it
treqllently p:mes. It exhibits its greatest brilliancy about the
time that it rises when the Snn sets, and sets when the SUII

rises; because it is then nearest the Earth. It is least briIIiltllt
when it rises and sets with the Sun; for then it is five times farth(~r

removed from us than in the former case.
459. Its distance from the Earth at its nearest approach is

about 50,000,000 of miles. Its greatest distance from U::l is
about 240,000,000 of miles. In the fOl'mer case, it appears
nearly 25 times larger thau in the latter. When it rises before
the Sun, it is our morning star j when it sets after the Sun, it is
our evening star.

Tbe dl.tan.e or tbe inUrlor planeta /'rom the earth, varlel within the Ilmlta or ti,.
dl:1weters or '.helr relpe.tlve orbltl; ror when a pllnet II In that part of Ita orbit ..hleb
La neareot th. t:arth, It 10 evidently nearer by tbe ..bol. diameter or Ita orbit, than It II
when at a point oppo61te, on th. other Iide or ita orbit. Tho etl!UrWr planeto var)· in
dilt:lDce wltbln til,· limlta or tb. diameter or tbe Earth'l orbit.

460. Mars is sometimes seen in opposition to the Sun, aud
sometimes in superior conjunction with him; sometimes gibbous,
but never horned. In conjunctioll, it is never seen to pass over
the Sun's disc, like Mercury and Venus. These lJrove not only
that its orbit is exterior to the Eal'th's orbit, but that it is an
opaque body, shining ouly by the reflection of the Sun.

461. The motion of Mars through the constellatious of the
zodiac is but little more than IuLlf as great as that of the Earth j
it being generally about 57 days in passing over one sign, which
is at the rate of a little more tban half a degree each day. Thus,
if we know what constellation Mars enters to-day, we may con·
clnde that two months hence it wiII be in the next constellation j
four months hence, in the next; six months, in the next, and
so on.

It. mean Bid",..al revolution I. perrormed in 686.97964ll8 lolar day8 ; or In 6Il6 day., 28
hours, 8U minutes, 41.4 f!econds. Its synodical revolution i8 performed in 719.986 solar
daTs; or in 179 da.ys, 22 bourI, 27 minutes, and ()() secoDds.

462. Mars performs his revolution around the Sun in one
year and lOt months, at the rlistance of 145,000,000 of miles;
moving in its orbit at the mean rate of 55,000 miles an hour.
Its diurnal rotation on its axis is performed h.. 24 hours, 39

4.~9. Its distance from the E:~ rth ? WI.lt e1ftlet upon Itl apparent magnItude' WhclI
UlOrniul=' "nd ev"ning Ittar' 110"" do the distancee of tht' planets from the Earth vary i
Tht.-ir llpparent diamch:,:r~' 400. 1s ~larl:O e\"l'r In oppol1uwn to the SUD f In c01lJunc.
tW,4- r Its phasczl? Uoes it eVt:r tra,nlllt the Pun f What do tht:se raety pro"e' 461­
What il hid rate of motion through the constellnti'l1l8 f What calculation based upon 1t:
'G".a. His periodic time' Distance from the Sun? Men" rate of motion per ho~" TIlD\
0:" fotation on hlB axLI' Bow doel his day COlllpart' with nur~?
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minutes, and 21t seconds j which makes its day aboat 44 win­
utes longer than ours.

463. Its form is that of an oblate spheroid, whose p.lar
diameter is to its equatorial, as 15 is to 16, nearly. Its diameter
is 4,500 miles. Its bulk, therefore, is 7 times less than that of
the Earth j"and being 50,000,000 of miles farther from the Sun,
it receives from him only half as much light and heat.

464. The inclination of its axis to the plane of its orbit, is
about 281°. Consequently, its seasons must be very similar to
those of the Earth. Indeed, the analogy between Mars and the
Earth is greater than the analogy between the Earth and any
other planet of the solar system. Their diurnal motion, and of
course the length of their days alld nights, are nearly the same;
the obliquity of their ecliptics, on which the seasons depend, are
not very different j and, of all the superior planets, the distance
of Mars from the Sun is by far the nearest to that of the Earth ;
nor is the length of its year greatly different from ours, when
compared with the years of Jupiter, Satarn and Uranus.

465. To· a spectator on this planet, the Earth will appear
alternately, as a morning and evening star j and will exhibit all
the phases of the Moon, just as l\'1ercury and Veuus do to us;
and sometimes like them, will appear to pass over tbe Sun's disc
like a dark ronnd spot. Our Moon will never appear more than
a quarttr of a degru from the Earth, although ber rlistance from
it is 239,000 miles. If Mars be attended by a satellite, it is too
small to be seen by the most powerful telescopes.

When it ill cODsidered that Vesta, the smallest of the astel'oid8, whlcb is otICt!I aM ~

Aalftimt'8 the distance or lIars from us, and only 269 miles in diameter, 18 perceivable
In the (pen space, and that without the presence of a more conspicuous body to pdc.t it
out, we may reasonably conclude that Mars is without a MOOD.

466. The progress of Mars in the heavens, and indeed of aU
the superior planets, will, like Mercury and Venus, sometimes
appear direct, sometimes retrograde, and sometimes he will seem
stationary. The portion of the ecliptic through which a plane\
seems to retrograde is called the Arc of Retrogrado,titm. Thb
more remote the planet the less the are, and the longer the tim(;
of its retrogression. These retrograde movements and stations,
as they appear to a spectator from the Earth, are common to
all the planets, and demonstrate the trnth of the Copernican
~ysten...

468. Form of Mar.? Diameter? Bulk? Light and heat? 464. Inclination of hi.
ul. to the plane of hi. orbit? His seasoDa? lte8emhlance to onr globe? 4611. How
"'ould the Earth appear to a spectator upon Mara' Our Moon' Has Mars a satellite?
l66. Whal said of lbe mollons of Mars and lhe olher planets? What cou.lllutetl ...~

...
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UTIloolUDa 1I0'r1011 or ftII U'l'IIlUoa PLdftL

I 'r Aj --.-- --,:~:~............\

....,.j! ---- i( @ 1\. \F········----~_ \:.: ~ ./
Suppose the Earth at A, and the planet Neptune al B, he would then appe to be al 0,

among the .tare; but as Neptune moves but a little from B toward F, while Ihe Earth I,
pasalng from A 10 D, Neplune will appear to retrograde from 0 to Ii:. Whatever Neptnne
may h"ve moved, however, from B toward J', wOJ go to reduce the amount of apparen'.
r~trogreB8ion.

It I. obvious from this llgure, thai the more distant an e:lterlor planello, and Ihe slower.
II moves, Ihe less '0'111 be Its aro or relrogradallon, and the longer will II be retrogradw,.
N~plnne appears to retrograde 180 days, or nearly balf the year.

The following table e:o:hlblls the amounl of arc and the Unu of the relrogradalloll of
the prlll.ipal plauels'

A~. Dfl'\"&.
M.r.W'1 18l1i· 23
Venus 16 42
Mare 16 18
Jupiter 10 .. .. . ••• . . .. •••• 121
Salurn 6 . . . .. 189
Uranus " 151
Nepluno :. I .. .. . 180

'l'IlLIllCOPIO .lPpuJUacaa 01' 1I.lRS.

The rlghl·hand lI(l1lJ'e reprc~nls ~Iare as seen al the Cln.wnall Observatory, AUglUll).
184ll. On Ihe 80th of Ihe same month he appeared u represented on the left. 1".
mlddU tn_Is trom a d-awlng by Dr. Dick.

467. The telescopic phenomena of Mars afford peculiar interest
to astronomcrs. They behold its disc diversified with numerous
irregular aud variable spots, and ornamented with zones lind
j,elts of varying brilliancy, that form, and disappear, by turns.
Zones of intense brightness are to be seen in its polar regions,
snbject, however, to gradnal changes. That of the southern
pole is mnch the most brilliant. Dr. Herschel supposes that
they are produced by the reflection of the Sun's light from tho
frozen regions, fiud that the melting of these masses of polar ice
!s the cause of the variation in their magnitude and lIppearance.

d..,. of Rrlrogr",f"thm' ·.V111,t do these motions prove? -&61. How does )Jarinppel\1
'.'rn:'Il~1 It. tl·!t:S<.·()V~1 Dr. Herschel'. opinion of Its polar regll'\DIl' Httw COD',rtYlN III

10*

Coogle
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B. "u tbe mar. eonllnned In the.., opinions by observing that ..ftor the exposare 01
t.he luminou3 zone about the north pole to a Bummer of eight months, it was considerahl)
deor«UBd, while that on the sous.h pole, which had been in ~tal darkness during ,~ight
monthl, had considerably ifWf"6lU4d. He Qbserved, farther, that when this spot .•.~
most luminous, the disc of Ma.rs did not appear exactly rO'U1ld, and that the bright par·
of ita .outhern limb !Seemed to be 8wollen or arched out beyond the proper curve.

468. The extraordinary height and density of the atmosphere
of Mars, arc supposed to be the cause of the remarkable redness
of its light. It has been found, by experiment, that when B
beam of white light passes through any colorless transparent
medium, its color inclines to red, in proportion to the density of
-.he medium, and the space through which it has traveled. Thus
the Sun, Moon, and stars, appear of a. reddish color whoo nea.r
the horizon; and every luminons object, seen through a mist, is
of a ruddy hue.

Thil pheaomena ma;r be thns explained ;-The momentum of the red, or leasl refrang\­
ble ray., being greater thli-D that of the violet, or mOlt refrangible ray8, the former Will
make their way through the resisting medium, while the latter are either reflected or
8b8orbed~ The color of the beam, therefore, when it reaches the t:ye, must partake of
the coior of the least refrangil;tle !'8y8, and thil color must increaae with the diatance.
The dhll light, therefore, by which Mal"S il illuminated, having to pa..~ through Ua
atlUOIphel e before it reachett the EM.rth, must be deprived of a great proportion of i~
7iolet l°ayl'l, and consequ~ntly then be red. Dr. Brewster BUPPO~eI that the difference ot
color among the ("t.her planellll, and even the 4.Ji:ed star., I.e owin, to the dUl'erent beilbt.:
u.nLl deDslt.it:s of their atmolipherea.

TilE ASTEROIDS, OR TELESCOPIC PLANETS.

469. Ascending higher in the solar system, we find, between
the orbits of Mars and Jnpiter, a cluster of eighty-five small
planets, which present a variety of anomalies that distin;ruish
them from all the older planets of tIle system. The first of
these, namel)", Ut'1°es, was discovered by Piazzi, at Palermo,
January I, 1801; and three others, namely, Palla.~, Juno, and
Vula, have been known since 1807. The remaining eighty-one
have all been discovered since that time, and most of them since
1853.

470. The scientific Bode entertained the opinion, that the
planetary aistances, above Mercury, formed a geometrical serie~

~ach exterior orbit being double the distance of its next interior
Olle, from tlll~ Sun; a fact which obtains with remarkahle exact­
DellI! between Jupiter, Satllrn, and Uranus. But thib law seemed
to be interrupted between Mars and Jupiter. Henoe he inferred,
that there was a planet wanting in that interval; which iii now

lhl. opt loa r 468. Sapposed eanse or lbe radd;r colo,. or Mars r Philrsophieal ~"'JI3.
nation' Dr. Brewf:lter's oplnloD? 469. POliltlun and Duma ~r of the aster<.'iJa' WhcrJ
;li",,'Ov,," d' "10. Bode's .beory' Whal s.emlnJl: Inlerru,llion r What oone/uri..,.·
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nappily supplied by the discovery of the numerous st0lT1orm
planets. occnpying thc very space where the unexplained vacanc)
"t}rl'sented a strong objection to his theory.

According to Bode, 'he distances of the planets may be expreued nearl1' && foll".I: the
Earth':i. dista.nce from the Sun being 10.

Mercury 4 "IAsteroidl 4+8.23 2S
Ven"" 4+8.1 7 Jupiter 4+8.2' 02
rho Earth 4+8.2 10lsaturn 4+8.2' 100
Harl 4+8.2' 16 Herschel 4+8.26 196

Comparing these values with the actual melUl distance8 of the planet. from tile BUD,
7t. cannot but rt!mark the neal" &gr~elDt:Dt, ami can I~arcely hesitate to pronounce thaI
the rt:::IlJective diitanCelJ of the pla.net8 from tht! Sun, were assigned accordinR to & law,
ilth01tgh we ar~ entil"ely ignorau& of the uac~ law, aad or the re&lon for that law.­
Broll.klev'.E~, p. 89.

411. The Asteroids are 7I£uc.k IlfTI01kr in size than the older
planets-they all revolve at 'TU!arly the same distances from the
Sun, and perform their revolutions in 'lWLrly the same periods­
their orbits are much more ecalltru, and have a 1nlU;}" grea,ter i'1!di­
nation to the ecliptic-and what is altogethl'f singular, except in
the case of comets-some of their orbits cross tack other; so that
there is even a possibility that two of these bodies may, some
time, in the course of their revolutions, come into collision.

The orbit of Vesta is so eccentric, that she is sometimeB
farther from the Sun than either Ceres, Pallas, or Juno, althou/Eh
her mean distance is many millions of miles less than theirs. The

.orbit of·Vesta crosses thfl orbits of several other asteroids, in
two opposite points.

The ltudcnt Ihould here refer to the J'Igurel, Map I. of the Atla., and verify I'lcb of
th~ae particularll 8S are there represented. It would be well for the teacher to require
him to ob!!lerve particularly the positions of their orbits, and to Itate their diJferen&
dt=greetf of inclination to the plane or the ecliptic.

4'12. From these and other circumstances, many eminent
astronomers are of opinion, that these eig-hty-five planets arc
the fragments of a large celestial body which once revolved
between Mars and Jupiter, and which burst asunder by some
trempndous convulsion, or some external violence. The dis­
covery of Ceres, by Piazzi, on the first day of the present cen­
tury, drew the attention of all the astrouomers of the age to

• that region of the sky, and every inch of it was minu tely explor­
e/I. 'l'he coneequcnce was, that in the year following, Dr.Olbl;\rs,
of Bremen, anllounced to the world the discovery of Pallas,
situated not IDany degrees fro/ fl Ceres, and very much resembling
it in size.

How suh.tantlally j ...,:lle,l r 4r1. Sisll" of the asteroid. r Di.taMe from the Sun r
~criodic time P )'orms of their orbHa!. .Position with .respect to ttle eclipti... J Wh"t,
oUler lillgularity tn 'heir orbits" 'W.bat remarkable fact8 rt::;ptoctiui the (rble o. V'~Rta'
472. Wb.1 concllLldon ba.. been drawn !rou~ Lhelico f~l't:o' P:"O)£'r"!'I,o f'i,li.:iI' .•vt'ryP
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473. From this discovery, Dr. OlOOrs first conceived the id('l~

that these bodies might be the f:-agmentll of a former wodd j silu
if so, that other portions of it might be found either in the same
nl'ighborhood, or else, having diverged from the same point,
.. they ought to have two common poiuts of reunion, or two
nodes in opposite regions of the heavens through which all the
planetary fragments must sooner or later pass."

474. One of these nodes he found to be in the constellation
Virgo, and the opposite one in the Whale j and it is a remark­
able coiIicidcnce that it was in the neighborhood of the latter
constellation that Mr. Harding discovered the planet Juno. In
order, therefore, to detect the remaining fragmeuts, if any
existed, Dr. Olbers examined, three times every year, all the
small stars in Virgo and the Whale j and it was actually iIi the
constellation Virgo, that he discovered the planet Vesta. Since
that time, eighty-one additional asterOIds have been discovered,
and it is not unlikely that still additional fragments of a similar
description will hereafter be discovered.

Dr. Brewster attributel.l the fall of meteoric stones to the
tlmaller fragments of these bodies happening to come within the
sphere of the Earth's attraction.

• eteoric stones, or what are generally termed ~roliti'A, are stonel which sometime.
faU from the upper regions of the atmol!phere upon the Earth. The lIubstance of which
&hC!)9 are composed, 18, for the most part, f1k'talUc,· but the ore of whicb it consists is no'
to be found in UkJ (jan~ contJtU,U'nt proportiona in any known 8ubst&llce upon the Earth.·
Their fall is generally preceded by a lunJinoul!I apreal'&nce, a hissin,g noise, and & loud
explosion i and when found immediately after their descen t, they are always ho~ a.nd
u9uaUy covered with a. black crust, indicating a state of exterior fusion.

Tbelr .i.. v....le. from Ihalof .mall fragmenlB of incon.iderable weight 10 that of the
most ponderous masHeS. They have ~n found to weigh from 800 pounds to several tons;
and they have descended to the earth with a force sufficient to bury them many fee&
under the surface.

Some have supposed that they are projected from volcanoes in the Moon i othere thaI.
they proceed from volcanoes on the Earth; while others imagine that they are gene.
rated In the regions of the atmosphere; but the truth probably is not yet ascertained. 11
lome Instances, these swnes have ~netrated through the roofs of houses, and proved
deltructive to the inhabitants.

It we carefully compute Ih. force of gravity In Ihe Moon, we .ballllnd that If a _7
were projected from her lurface with a momentum that would cause it to move at the rate
of 8200 feet in the first second of time, and in the direction of a Hne joining the cenler.
(\f the Earth and )1000, it would not fall again to the l!Iurface of the )JooD; but 1I'ouJ.d
become a satellite to the Earth. Such an impulse might, indeed, cauSe it, even ..fler
many revolutions, to fall to the earth. The fall, therefore, of these stones, froUl the air.
PHt.y b~ Rccounted for in this manner.

Mr. Harte·calcula.tes, that even a veloelty of 6000 feet in a second, would be lIufliclenl
to carry a body projected from the surface of the Moon beyond the power of her attraOoo
tion. If so, a projectile force three times greater than that of a cannon, would carry a
a body from the Moon, beyond the point of t:qual attraction, and cause it to reach the
Earth. A force equal to this is often exerted by our volc.'\Does, and by subterra.nean
ltesun. Hence, there is no imposslbillty in the 8uppoaition of their coming from the Moon.

478. Tbeory of Dr. Olbera' .1•. Where did be find those node.' What remarkable
~oinctdence, Dr. Olbers' e1forts 1 Diacoveriel since' Dr. Brewster's idea re8pecting
!II'Jteoric Bton9' What are meteoric stones? Clrcum'Jt.a.nces of their taU' Sisn alld
~4;nt' f;upposcd origin' Con1'1 they have fallen fror. the ~ooo' 'What COmpUL:lo:_toll~'
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4'15. Vesta appears like a star of the sixth magnitudtl, and ill
t.he only asteroid that can be seen by the naked eye.

476. Juno revolves around the sun in 4 years 4t months.
ITer diameter is estimated at 1,393 miles. She is noted for the
great eccentricity of her orbit. Ceres' diameter is estImated at
1.585 miles, and Palla.'l' at 2,025.

TABLE OF THE ASTEROIDS.

4'1'1. The following table comprises the names,
periods, etc., of the Asteroids, so far as known.
placed in the order of their discovery.

distances,
They are

Dlatanteftoom Periodic oflmeol By whom Wbtr.No. N...... the San in tim. fa 4ilCO....,.. 4iaco'f~recL dlKov.r.MU... n.y..

-
1. Ceres •...•.. 26U64,110 1.6SO Jan. 1. 1801 PlllSzl. •••.. Palermo.
9. Pallaa. ••••.• 2&l,IS6,670 1,6 Mareh2S,1802 Dr. Olbers .. BrpmeD.
8. Juno. ••••••• 2M.s~4A10 l.r.o~ Bept. 1,1804 Harding .••• LilienthaL
4. V,·ata ••••••• 21-t~~7.20~ 1,323 March 29. 1801 Dr.Olbe1'8. Bremen.
6. Aatrlea. ..... 2-Hi67,MO 1,~11 Doc. S, IS4.~ Hencke••••• DrI,'.den.
e. Hebe ••••••• 230.414,710 1,8 Jnly 1,1841 Hencke.... Drle.den.
7. IrI.......... 2l!il.6~.06:j 1,s.I6 Aug. 18, 1647 Hind ....... London.
8. Flora ....... 200.781.670 1.193 Oct. IS. 1641 Hind....... London.
9. Metl........ ~6,M·UM 1,. April 25, 1648 Graham .... Markvee.

10. Hyllel........ 2110.1~0.4M 2.041 April 12, 1849 De Gaaplir!a Naplea.
11. Parihenope. 232,005,860 lAOS Mny J8.18OO De Gaaparla Naplea.
12. Clio ........ 2'21 ,61 7.()4,~ 1.3Ul Bept. 18. 1800 Hind ....... London.
18. Egerla...... 2M,6S4,B7ll I.MI. Nov. 2. 1800 De Gaaparla Nap]ea.
14. I ....ne ....... 24~,9>9.960 l.~2".l May 20,1s.'l1 Hind ....... London.
Ill, Ennomla.,. 2lH,I91,I00 l,~iO July 29. 1651 D. Gaaparla Naplea.
16. P.Jche. ••••• 2Ti,lIG1,440 1, ~6 Mnrch n. 1S.~ De Gaaparl. Na~oa.
17. Thetl....... ~;),OO~Jt)() 1,-121 April 17,I~ Luther..... Btl
18. Melpornena 21 12~.iOO 1,211 June 24.1~ Hind ....... London.
19. Fortnna. .... 2:31.920.960 1,:!9.1 Aug. 22, 1562 Hind...... Lundon.
20. MaaalIla .... 22~b91,070 1,~G6 Bept. 19.1~ Chaeorn.c .. M....emes.
21. Lntetla..... 2S1.8M.\l4.'l 11~~~ Nov. 1~, I&>2 Goldsmldt•• ParIs.
22. Calliupe..... 237.0SO,OM 1,.\·ll) Nuv. 16, I&>2 Hind ....... Londun.
28. Thalia ...... 249,78 ~80 l,M7 Dee. Ill. I&>2 Hind ....... London.
24. Themla..... 290.244.9M ~.IH2 April 6,1&>3 De Gaaparla Naples.
2:\. Phoerea..... 22S,IOO,100 1,~~!) April 6.1&>3 Chncoruac•. M!II'ael1lea
26. Proserpine.. 2{YJ,H27,ro:> l.ll I Jl{ay 6, l&>:l Luther .... Bilk.
21. Euterpe..... 2n99~,976 1,31·1 Nov. S, IBM IIlnd ....... London.
1lS. B,·II,ma .... 26S.('.1I,SI~ 1,G 9 March 1. ISM Luther..... Illlk.
29. Amphlt.>1te. 242.719,270 1,10'l March 1. ISM Marth ...... London.
BO. Ulllnl..: ..... 22t,bO DOll 1,~2a

I

JU1Y 22, ISM Hind ....... London.
8t. EuphrOflyne 299. 35,010 2.(I.I~ Bept. 1. ISM Fel'lfllsou .•• Wll8hlngtou, D. U
82. Pnmon3 .••• 1H.'i9M.-.o~ 1.1lZ'~. Oct. 26, ISM Goldamldt Paris.
llll. Po:,.mnla... 272.872,12:\ 117i3 Oct. 28, IBM Chaeornae .. Paris.
34. Clreo ...... 200,a GOO 1 GIO April Ill, IBM Chacornac.. Paris.

411\. Appearance of Veata. 476. .Tuno'a period. Diameter. For ....bat noted' 1ll
·lII1<.lel ot Colr... or Pal..... 477. Numbe' of aalerolcb now known fill 'IC' t"bl..
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TABLE OF THE ASTEROIDS.-Continued.

No.
Dt.ta·,u (ram

,he Sao in
Mil.·..

Periodic
lime to
0."..

T'rneof
cliacoVel)',

By wh,m
clillCtll'ered.

8..... J...ucothea ..
86. AbI"'ni.~ ••••
87. Fides .
88. Ikon .
89. La·tltla ..
40. Harmonia ••
'I. Dnphne ..
'2. his .
f8. Ariadne ..
'4. Nysa .
it>. Et1~entt:L .•••
f6.· H'·.tlll .
, •• Aglnin ..
48.001'1 ..
49. I'llies .
1;11. Vi!".!!nla .
61. N,'mnu;:Sa. ••.
62. };nropa .
M. Cnly[>50 .
W. AIt>xluHlm
6.~ PandHrO\ .,
66. M.lote .....
M. Mu.ultIsrne
6$. (:uncordll1 ••
69. Olympia ..
60. Echo ..
61. Danae .
62. Erato .
68. Allsonl ..
M. AngellDa ..
6li. Cybele .
66. MeJa ..
67. Arlu .
6S. Leto ..
69. Hesperla••••
10. I'Mop"'a••••
11. Fertlnla .
1~. NI ..

i~ g~~~:;.::::::
75. };ur idlce ..
76. }'rela .
n. Frll;gu .
18. Diana ..
19. EUr)·nollle.•
80. Sappho.....
81. T.rpslchore.
82. Alern"ne .
S~. B.,ltrlx ..
$4. <.:llo .
8lI [0 ..

2SS,2i6.•M
261.126.976
2.'\5.981,165
2611.2jO.076
2G:l,09I.j6.~

21:1.8j9,060
~S.iIll2,OI6

281,219,4"11
209.864.1110
260.S86.6jO
260.:.6;;'660
241.296.9t1O
2j3.641,8:ll1
295,11iIl.275
298,ISO,9~5

2l1l.~.4'10

22.'\,llOl,f\.IO
294.880.it0
24S.224,930
~!>8.~II,r>lO

26:1.96.\ 1911
24l1,428.JOO
21/!l,942.21il1
2:..\~71,N):>
2~7.714.9'..\
227,208,lIV5
2l':l.8i1,SllI
29'.480,'W
227.654,200
2M.48j,ljO
82l1,996,965
~,117,t'i6

229,421,200
2!l8.6ll2.l\IO
29\\ll'II,I\IO
2r>fJ,tl!'.'l,lJM
203,103••40
261,'0.11,470
2M•.j.~b.102
24~,l>tI\I811
2l1\,121.UM
802.9~:'J •• 1OO
2l1:~:>!l1.1l3
26~.11 fJOO
28~,~n~.lIoo

21MJOII.j42
261..0~ ."94
2~.,~I4.!1.j0

2'l2.2!1i.428
22~.9()1).271

2lI:!,1J7,294

1,880
1,665
I.M5
l,l!;tj
1.r,~~

1,24j
1,3:,8
1,087
1.195
1.3S4
1.659
1.4i9
l,j86
2.000
1.950
J.~.';'
1.:»19
1.99~
J.M;.1
1.&l2
:,69~

1,~11

2.149
\.615
1,6~2

1.3,;1
1.902
2,O:!1:
1.~;:~

1,001
t,Jt!2
l,lIj!l
1.8il
I.&ll
1,9l1j
I,em.
I.N
1,611
1,:.&9
1,1109
1,~iO

2,IJl>O
1,W1
1,677
1,397
l,2jl
1.698
1.659
1.~82

1.~24

1,~j2

April 19, 1S....~'T.uther ..... Bilk.
net. II, 1S.~:Gold.mldt .. Pari..
Oct. 1'>. 18rh~'Luth,·r..... Bilk.
.fun. 12, tM6'Chacornac •• I'arl..
Fcb. 8. 18.\6 ( 'hocorooc•. I'arl..
March 81, It'M Guldsmhlt. P"rI..
~{ay 28, 18M·Ooldsmldt.. Pari..
~{ny 23. IS:;6·!pU"ll<m Oxford.
.\pl1l Ill, 18.\7 POll"''''' Oxfurd.
May 2j, I;;:}j Ouldsmldt.. l'arI..
June 21. lS5iIIGulclSmidt .. Pnrl..
Aug. 16.18:17 1'01'80n Oxford.
l'\('pt. Ill, 18111ILmher Bilk.
Sept. 19, 18fi7 Gol,hmldt • Paris.
"'·I't. 19. 1f'~jIGohl.mldt .. Pori..
Oct. 4, 1M>',Fergll.un W...'hlngton, D. 0.
.Jan. 22, ls:>8i Laurent. NI.me..
hb. 4, ISf>8.Guld8mldt.. I'nris.
April 4, Ibf,8

'
Luthcr ..... Bilk.

:;ept. 1\, 1S.\~'Goldsmldt•. I'orl..
Sept. 11. 1~:b!S'·lLJ:le ...... Albany, N. Y.
:;"pt. 9. 18f>9 Goldsll,ldt •. I'nri..
Sept. 22, 16r,91

1

Lhther hilk.
Morcb 24, 18611 Luther Bilk.
S.pt. 12, 18foO ChacorDac.. I'nrl..
",·pt. Ill, 1860IFergu.on ••. Washington, D. 0
l'I"pt. 19, 1860 Golosmldt.. Paris.
Oct. 10, 1860 lo'ost('r ... Berlin.
lo'eb. 10. 1861 De GasP8rl. Nuple..
March 2, 1861 Tempef Marsel1les.
Maroh 4. 1861 Tempel , M......llle..
April 9,1861 Tuttle Cambrldge, Mal..
April 17, 1861 Payson Madras.
Aprll 20, 1861 Luther BlIk.
Aprll 29, 186: 8chlaparelll Milan.
~Iay 6, 1861 Gold.mldt. I'nrl..
May 29, 186\ I'eters Clinton, N. Y.
Ang. 18, 1861 Luth.r Bilk.
Aprll 1, 186~ Tuttle Cambridge, llUl.
Aug. 29,1862 Teinpel. Marseille..
Sept. 22, 1862 Peters Clinton, N. Y.
Oct. 21, 1862 M. D. Arvert CopellhageD
NOT. 12, 1862 Petcrs CUnton, N. Y.
March Ill, 1868 Luther Bilk.
Sept. 14, 1Sd8,Watson Ann Arbor, Mich.
~ay 2, 1SM

1
' POlCSIIIl ••••• Oxford.

""pt. 811, 1864.Tempel Mo....llI...
Nov. 27, 18&l'!.i'ther Bilk.
Alwl\ 26, ISfl,\:De Gnspurls N.pl... ·
AIIg 2,;. 1865,Lnther Bilk.
S.pt. 19, 18611 Peters Clinton, N. Y.

____..L- ~_-.: .:-__-!.- _
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rue PIUMJ.RY PLArlE"rS-JllP1TER AND SAT[TRN. ~a:i

CHAPTER YII.

PRIMARY PLANETS-JUPITER -AND SATURN.

<\73. JUPITER is the largest of all the planets belon~ing to the
1l01ar system. It may be readily distinguished from the fixed
stars, by its peculiar splendor and magnitude; appearing to the
naked eye almost as resplendent as Venus, although it is more
than seven times her distance from the Sun.

When his right a~cension is less than that of the Sun, he is
our morning star, and appears in the eastern hemisphere before
the Sun rise~ ; when greater, he is our evening star, and lingers
in the western hemisphere after the SlIn sets.

Nothing can be easier than to trace Jupiter among the con·
stellations of the zodiac; for in whatever constellation he is seen
to-day, one year hence he will be seen equally advanced in the
Ilext constellation ; two years hence, iu the next ; three years
hence, in the next, and so on; being just a year, at a mean rate,
in passing over one constellation.

The exael mean mollon of Jupiter In Its orbit, Is about one-l"elnh of a de,..... In " day;
..hieb awountl to ol1ly SO' ~O' 82' In a year,

For 12 years to come, he will, at a mean rate, pass through
the constellations of the zodiac, as follows:

1867, Capricornu.. l~ll, Tauru.. 1871l, Virgo.
1869, Aquarius. 18.2. GemInI. 18.6, Libra.
1869. Pi...... 1878, Cane... 18n, Scorpio.
1870, ArIes. 1814, Leo. 1818, llaglttarllll,

479. Jupi~er is the next planet in the solar sY8tem above the
asteroids, alld performs his annual revolution around the Sun in
nearly 12 of our years, at the mean distance of 495,000,000 of
miles; moving in his orbit at the rate of 30,000 miles an hour.

The exact period of Jupiter's Itdereal revolution Is 11 years,10 monthl,11 day8, U
hOUri, 21 minutel, 2:)~ seconds. His exact mean dislRnce from Lhe Sun Is 490,~,S37
miles j consequently. the exact tate of his motion In his orbit, is 29,HS miles per hour

480. He revolves on an axis, which is nearly perpendicular to
r,lle plane-of his orbit, in 9 hours, 55 minutes, and 50 seconds;
~o that his year contains 10,471 days and nights; each about
:J hours long.

His form is that of an oblate spheroid, whose polar diameter

478. Compara live .I.e of Jupiter? How distinguished from lhe fixed .laro' When
morninA' star. A:c.? Is he easily traced l' 4,19. ilis position In the .Ylftern P Hil!l ;Jeri­
Gdic time P Distance from the Sun? nate of motlon P 480. Time of dluTDL revulu·
Hnn P P.1Altion of axis ? Length of hb days? Number in his year? His forlO CDouaf"
.l' .!:IiB obhuene.. l' DUTuence of equatorillol and polar diameter. ? The ~rth 1
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is to its equatorial, 89 16 to 1'1. He is therefore considerably·
more flattened at the poles than any of the other planets, except.
Saturn. This is cansed by his rapid rotation on his axis j for it
is an universal law that the equatorial parts of every body,
revolving on an axis, will be swollen out, in proportion to the
density of the body, and the rapidity of its motion.

The dUl'erence between the polar Bnd equatorial diameten of Jupiter, exe~ed8 CIOOO
milel. The dllfere"nce between the polar and equatorial dlam~ter8of the Earth, is OOW
"lei milel. Jupiter, even on the most careless view through a good telescope, appears to
be oval; the longer diameter being parallel to the direction or hi. hella, which are alao
parollel to the ecJ.lptic.

481. By this rapid whirl on its axis, his equatorial inhabitants
are carried around at the rate of 26,554 miles an hour i which
is 1600 miles farther than the eqnatoIial inhabitants of the
Earth are carried, by its diurnal motion, in twentyjO'Ur ho'UTf.

The true mean diameter of Jnpiter is 88,780 miles; which •
is nearly 11 times greater than the Earth's. His volume is,
therefore, about tMrtet:n. hundred times larger than that of th,.
Earth. (For magnitude as compared with that of tht. Eartk, set:.
1I1ap L) On account of his great distance from the Sun, the
degree of light and heat which he receives from it is 27 times
less than that received by the Earth.

When Jupiter la In conJunction, he risell, !ets, and comes to the meridIan with the SUD;
but is never observed to mske a transit. or pass over the Son'l disc; when in opposition,
he rises when the Son seta, sets when the Sun rises, and comel to the meridiaD at mid.
night, which never happen. in the ca.e of an i~riorplanet. Thla prove. that Jnpiler
r.volve.1o an orbll ..-blcb 10 ftlJterlo,. to that or the Earth.

482. As the variety in the. seasons of a planet, and ill the
length of its days and nights, depends npon the inclination of its
axis to the plane of its orbit, and as the axis of Jupiter has
little or no inclination, there can be no difference in his seasons,
on the same parallels of latitude, nor any variation in the length
of his days and nights. It is not to be understood, however,
that om 1bniform season prevails from his eqnator to his poles;
but that the samt parallds of latitude on.each side of his equa.­
tor, uniformly enjoy the same season, whatever season it may be.

About his equatorial regions there is perpetual summer; and
at his poles everlasting winter i but yet equal day and equal
night at each. This arrangement seems to have been kindly
ordered by the beneficent Creator j for had his axis been inclined
to his orbit, like that of the Earth, his polar winters would have
been alternately a dreadful night of six yenrs'durknus.

481. Mollon at Jupiter'. equator' Hi. mean diameter ? III. volume? Lll,htand heatr
Don he ever transit. the Sun' What proof that his orbit II exterior to that of tb::ll Barth,
~-l2. What of the -eo....... or Jnplter? What apparent manlt..tatioll or Divloe W!lclomf
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'rP.t.88COrJO Yra. or .Japll'~

483. Jupiter, wheu
viewed throu~h a
telescope, appel>rs to
he surrounded by a
number of luminous
zones, usuliIly termed
belts, that frequently
extend quite around
him. These belts are
parallel not only to
eal,h other, but, in
general, to his equa­
tor; which is also
nearly parallel to the
ecliptic. They are
subject, however, to considerable variation, both in breath anil
number. Someti,..,es eight have been seen atonce ; sometimes only
one., but more usually three. Dr. Herschel once perceived his
Hhole disc covered with small belts, though they are more
usually confined to within 30° of his equator, that is, to a zonE'!
60° in width.

Sometimes these belts continue for months at !1. time with little
or no variation, and sometimes a new belt has been seen to form
in a (ell' hours. Sometimes they are interrupted in their length;
and at other times, they appear to spread in width, and run into
each other, until their breadth exceeds 5000 miles.

484. Bright and dark spots are also freqnently to be seen in
the belts, which usually disappear with the belts themselves,
though not always, for Cassini observed that one occupied the
same position more than 40 years. Of the cause of these vari­
able appearances, but little,is known. They are generally sup­
posed to be nothing more than at7Twsphtrical phenolllena, resulting
from, or combined with, the rapid motion of the pla~ct upon its
axis.

DUferent opinion. have been entertained b,. astronomen re.pectlng tbe canse of the.e
bella and spom. By some th.,. It""e been regarded as cloud•• or as opeulnJlll In the
atmosphere of the planet, while others imagine that theY' are of a more permanent
nature. and are the marke of great physical revolutions, which are perpetually &ltitnthuJ
alld chanlZioR' the surrace of the pland. The Orst of these opinions 8t1mci~Dtl1 exphtiJlS
the variations In ~e form and magnitude of the ltpotB, and the paraUMiJnn or the belts.

t83, liD.. does Jupiter appear through a telescope? Where are his belt. usually
leen? Tbelr number? Are the,. permanent? 4S4. Wbat else seen upon JupiL...••
purfa.. PAre tMfI permanent' 1a the cau.e of the.e phenomena ...ell undeute.nd'
What cUfeftct oplnlonsP
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l'he llJlOt lint observed by O&lBlnl,ln 1665, which has both disappeared and reavpel\red
~ the b30me form and position tor the splice or 48 year., could Jlot 1)09sibly b~ u('i<,3,sioned
tJ)' &DY & 'IwQ8phericnl variations, but seems eVidently to be connected with the surface
,t th~ plauet. The form of the belt, according to some astronomers, may be &ceounted
ror by sUPP"stng tuat the at'fTWOpM". rellecl.8 more light than the hody of the planet,
~nd that thc eloud. ,,·Web 1I0d In it. being thrown into parallel strata by the rapidity of
~La diurnal mo~iont Corm regular in.6Ur8t'tou. through whicb are Seen its opaqne body, or
any of the permanent spoto which may come within the range of the opening.

MOONS OF JUPITER.

485. .Jupiter is attended by four satellites or moons They
Al'e easily seen with a common spy- 'BLIOl(X)pto vrsw$ or .... 1100118 or
glass, appearing like small stars JOPlTIlIL

near the primary. (See adjoining
cut.) By watching them for a few
evenings, they will be seen to change
their places, and to occupy different
positions. At times, ollly one or two
may be seen, as the others are
either betwlaen the observer and ~~.:

planet, or btyond the primary, or
eclipsed hy his shadow.

4g6. The size of these satellites
is abont the same liS our moon,
except the second, which is a trifle
less, The first is about the distance
of <)ur moon; and the others, re­
spectively, about two, tLree, and
live times as far off.

'tho 3d. 2<1. 1st. ~.-----..- -----........---..-- --..- --- "e;I

487 Their periods of revolution are from 1 day 18 hours to
i. 'l days, nccorc.ling to tlu:.ir distances. This rapid motion i<;
O('ccssary, in ordm' to coulItcrbalance the powerfnl centrIpetal
force of the planet, anc.l to keep the satellites from falliug to hiil
surface.

485. Ho'" mony moons h... Jupiter? 1I0w Been? Why not aU .een lot once? t.iC
th.... sloe I DistanceB? 481. Periods uf Jupiter'....teUitesf Wb7 00 rapid'
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The magultudeo, dilltances, and periods of the lllOOns of Jupltcr are .0 folloW8:

488. The orbits of Jupiter's moons are all in or near the plane
Jf his equator j and as his orbit nearly coincides with the eclip­
tic, and his equator with his orbit, it follows that, like our own
moon, his satellites revolve near the plane of the ecliptic. On
this account, they are sometimes between us and the planet, and
sometimes beyond him, and seem to oscillate, like a pendulum,
from their greatest elongation on one side to their greatest elon­
gation on the other.

489. Their direction is from west to east, or in the directioc.
their primary revolves, both upon his axi8 and in his orbit. From
the fact that their elongations east aud west of Jupiter are nearly
the same at every revolution, it is concluded that their orbits
are but slightly elliptical. They are supposed to revolve on
their respective axis, like our own satellite, the moon, once dur­
ing every periodic revolution.

490. As these orbits lie near the plane of the ecliptic, they
have to pass through his broad shadow when in opposition to the
Sun, and be totally eclipsed at every revolution. 'fo this there
is but olle exception. As the fourth satellite departs about 3°
from the plane of Jupiter's orbit, and is quite distant, it some­
times passes abU/je or bdow the shadow, and escapes eclipse. But
such escapes are not frequent.

These moons are not only often eclipsed, but they often eclipse
Jupiter, by throwing their own dark shadows UpOIl his disc.
They may be seen like dark round spots traversing it from side
to side, causing, wherever that shadow falls, an eclipse of tht'
8un. Altogether, about forty of these eclipses occur in the sys­
tem of Jupiter every month.

491. The immusions and emernolls of Jupiter's moons have
reference to the phenomena of their being eclipsed. 'fheir
mtrance into the shadow is the immersion; and their coming Old
of it the emersin,n.

488. HoW' are their orhits litoBted? How RR,te1lttesl\ppe:u to move l' 489. Direction
,r secondaries! Form of orbits' How ascertained l' 'Vhat motion on Rxi:1 P 400.
'What said of eclipses? or fourth satellite' or solar eclipses upon Jupiter' NumDer
or Bolar and luna.r' 491. ·Wha.t are the mm61'lIi01&8 and Bm8rMo1Uf of Jupiter'.
noonl' Are the immerBionll and emeraloDB always visible from the Earth r Why Dot'
'Uultrate
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The above Is a perpendicular view or the orbits or Jupiter's satellite.. His oroad
.hado.. I. projected In B direction opposite the 8nn. At C, the second .ateUlte Is .ut'er.
Ing an im'IMrBion, Bnd ..ill soon be totally ecllp.ed; ..hile at D, the flrst is In the aclor
t!m61'II'lon, and will 800n appear with its wonted brightneu. The other satellites are Been
to cast their shadows uff Into Bpace, and are read;yin turn to ecliptle the Sun, or cut off.
portion of his beams from the face of the primary.

If the Earth were at .A In the cut, the immwBion, represented at 0, "'onid be tnYisible;
and if at B. the ~rBion at D could not be seen. So, also, if the Earth were exactl, at
F, neither could be seen; as Jupiter Bnd all hill atteudants ..auld be directly beyond lb.
8un, and would be hid !rom our view.

492. TlJp system of Jupiter may be reg~rded as a miniature
reprellentation of the solar system, and as furnishing triumphant
evidence of the truth of the Copernican theory. It may also be
regarded as a great natural dOt", keeping absolute time for the
whole world; as the immersions and emersions of his satellites
furnish a nniform standard, and, like a vast chronometer hung
np in the heavens, enable the mariner to determine his longitude
upon the trackless deep.

By long and careful observatloDs upon these Istel11tes, astronomers have been able to
construct tables, showing the exact time when each immersion aDd emersion will take
plp-~e. at Greenwich Obg~rv8tory,near London. Now suppose the tables fixed the time
for a certain satellite kJ 1M! eclipsed at 12 o'clock at. Greenwich, but we find it to occur at
\J o'clock, for instance, by our local time: this would show that our time was three hours
'Jekind the time at Greenwich; or, in other words, that we were three hours, or 4:)-, tD68t
of Greenwich. It our time was alu!aa of Greenwich time, it would shoW' that we were
tJ<UIt 01 that meridian, to the amount of 10· for everT hour ot' varla.tion. But this methol]
of finding the longitude Is less uJ'ed than the IIlunar method" (~t. 407), on account. of
the greate, dlfliculty or making ilie noce.sary observations.

403. By observations upon the eclipses of Jupiter's moons, as
compared with the tables fixing the time of their occurrence, it
wa8 discovered that light had a progressive motion, at the rate
of about 200,000 miles per second.

This discovery may be iIlnltrated by again referring to the pr~ced'nl cut. In thp. year
167:>, it Was observed by Roemer, a Danish astronomer, that when the Earth was nearest
to Jupiter, a8 at E, the eclips~8 of hts satellites took pla.ce 8 minutes 18 seconds ttOOf&('T

than the mean time eJf the tables; but when the earth was farthest from Jupiter, as "t
)", the ecltpses took place ~ minutes and 18 seconds 1-tIVr than the tables predicted, tl'~

entire difference being 16 minutes and 26 seconds. Th18 diffe."ence of time he ascribed to
the progressive motion of light, which he concluded reqwred 16 minutes and 26 st=condl
10 oross &he earth's orbit :rom E to F•

•W'J. How may the .,..tem or Jupiter be regBrrled' Wh~tase or It made In navigation'
Dlustrate method? Is It much used' 498. What discovery by observing lb. ocIi\''''''
of 111pi~r'. moonll f Explain the procell'
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TMll progre•• ma:r be demonotraled u folio.... :-Ilm••"'lI9II. Il the n.dlu, of tl10
Earth'. orbit be 116,000,000 of mUe., the diameter mOlt be twice that, or 190,000,000.
Divide 190,000,000 mUe. b:r 986 •.,.,ond., and we have 192,697itt mJe. u tbe progre••
of light In each .econd. At thl. rale,light would pus nearl:r eilht time. around the G101Jc
at ever:r lick of the clock, or nearl:r 600 time. every mi:lute I

494. Jupiter, when seen from his neare!lt satellite. appears flo

t/wusand timu largtr than our Moon does to ns, exhibiting 014 II.

scale of inconceivable magnificence, the varying forms of acres·
cent, a half moon, a gibbous phase, and a fall moon, every 42
hours:

SATURN.

495. SATURN is situated between' the orbits of Jupiter and
Uranus, and is distinctly visible to the naked eye. It may be
easily distinguished from the fix'ed stars by its pale, feeble, and
steady light. It resembles the star Fomalhaut, both in color
nud size, differing from it only in the steadiness and uniformity
of its light.

From the .Iowoe•• of It. motion In Its orbit, the pupil throughout the period of hIe
..hole Ufe, ma, tJ"ace its apparent coone among the Btan, without an, danger of mll­
take. Having once found wben It enters a particular constellation, he may ea8Uy remem­
ber where he is to look for it in any subsequent year; becaUle, at a mean rate, it 11 JUlt
I~ year. in pauing over a lingle lign or constellation.

Saturn's mean daily motion among the stars is only about 2',
the thirtieth part of It dtgret.

496. The mean distance of Saturu from the Sun is nearly
double that of Jupiter, being about 909,000,000 of miles. His
diameter is about '13,484 miles; his volume, therefore, is tlelJe'll
IUJIMred times greater than the Earth's. Moving in his orbit at
tk rate of 22,000 miles an hour, he requires 29t years to com­
plete his circuit around the SUIl: but his diurnal rotation on his
axis is accomplished in lOt hours. His year, therefore, is nearly
thirty times as long all ours, while his day is shorter by more
than one-half. His yea.r contains about 25,150 of its own day's,
which are equal to 10,759 of our days.

497. The surface of Saturn, like that of Jupiter, is diversified
with belts and dark spots. Dr. Herschel sometimes perceived
five belts 011 his surface; three of which were dark and two
bright. The dark belta have a yellowish tinge, and generally
cover a brvader zone o! the planet than those of Jupiter.

To the inhabItants of Saturn, the Sun appears 90 times Ie•• than he appears ..t the
Barth; and the:r receive from him onl:r one ......u..tA pari a. much Iighl and heat. But

494. How do•• Jupiter appear from hi. nearest .atelllte' 490. Sitllallon of Saturn'
aow dl.lInguillhed' HoW'lra"," Hi. rate of molion In the heoven. , 496. DlB:anC<'
-romtl:r.Sun' Diameter? Volume? Rate ofmotlontn orbit' PeriodicUme? Diur
0111 reYolutlo~" Da,.. In hi. :rear' 497. Appearance of hi••urface P lIdts: The
~Ul\ &I ...en from ila".rn' Li.ht and he"t or that planet' Eatlmaled lItr8nll'" of tho
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IICXt fifteen it appears to drop below the apparent center of the
planet j and while shifting from one extreme to the other, the
rings become almost invisible, appearing only as II. faint line lIf
light running from the planet in opposite directions. The ringp
vary also in their inclination, sometimes dipping t<. the right,
and at. others to the left.

The above Is a good representRtion of the vanon" IncliJWltlon!' Rod dt'grees or e~Jlan

;,iou of she rings or Salurn, during hi. Jkrioolc journey of 80 ,ears

501. The rings of the .n.""D'Cl7L.&...' .... OPTH••1II080.SATU.S.

planet are always directed
more or less toward the
Earth, and sometimes ex­
actly toward us j so that
we never see them perpen­
dicularly, but always either
exactly edgewise, or ob­
liquely, as shown in the last
figure. We-re either pole
of the planet'exactly toward
us, we should then have a
perpendicular view of the
rings, as shown in the ad­
joining cut.

502. The various phases of Saturn's rings are explained by
the facts that his axis remains parallel to itself (see following
cut), with an uniform inclination to the plane of his orbit, which
is very near the ecliptic j and as the rings revolve over his
equator, and at right angles with his axis, they also reme;:n
parallel to themselves. The revolution of the planet about the
Earth every 30 years, must therefore bring first one side of the
-ings to view, and then the other-causing all the variations of
l'xpansion, position, and inclination which the rings present.

Mt. How .re lhe rlogll sllualed with respecllo lhe Earlh? How would ther ~pper.r t·
~I'her pole or Saturn 'Were toward UI r «12. How are the varioul' phalies ot Sat",." I

riD.. .~counted rar?

Googk
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Here observe, III'l1t, that the axis of Saturn, like those of all the other planets, rem..iM
permanent, or parallM tDUh. Uul/; and as the rlnJ!S are in the plane of his equator, and
at right angl.. with his aX18, they also IDUlt r~m"ln parallel to themeelves, whatever­
position the planet may occupy In Its orbit.

This being the case, It Is obvious that whtle the planet Is passing from A to E, the Bun
will sbine upon tbe V1I<U1' or IKnJUo side of the rings; and while he pass.. from II: to A
again, upon the <qJpe" or flOrth side; and as It requires about 80 years for the planet
to traverse these b'o semicircles, It Is plain tbat tbe alternate day and night on the rings
will be 16 years each.

A and II: are the tqU£nocUal, and 0 and G the lIOl8Utial points in the orbit of Saturn.
At A and E the rings "re td(/~ toward the Snn, and also toward the Earth, provided
S"turn I. in opposition to the .Sun. To an observer on the Earth, the rings will seem to
expand from A to 0, Md to contract from C to E. So, also, from E to G, and from G to
A. Again: from A to E the front of tbe rings will appear abotls tbe planel's center, and
from II: to A below i'.

The rings of Saturn were Invisible, as rings, from the 22d of April, 1948, to the 19tb of
January,1948. He came to his equinox September 1,1948; from wblch thoe to FebrulU')',
t8ll6, hI. rlnl!8 ClOntlnn~ to .xpand. l', ...m that time to June. 1868, they oontr3eWd,
"nm he re.~che,1 bis other equinox nt Eo anel the rlm!s beenme Invlslhle. From JUDO
19Gfl, to September, 1810, they will again ~xpand; and from September, 1810, to lIIareh,
1871, theywm contrac~,wben he will be at tb. equinox passed September 1,1848, or
Il9 '* ye8rs befo.,.

The wriler has o!'len seen the rings of S"turn In dlfl'erent steglls of expansion, and con­
traction, and cmct when they were almost directly edgewise toward the Earth. At that
time (January, 1849), they appeared as a brlj(hl Une of light, as represented at A and
E, In the llrst cut on the preceding page.

503. The dimensions of thll rings of Saturn may be stated in
round numbers as follows:

lIIll...

Distance from the body of the planet to the .first
ring.

Width of interior ring
Space between the interior and exterior rings
Width of exterior ring • . . . . • •
'l.'hickness of the rings

19,000
1'1,000

2,0<10
10,500

100

6Il8. State th. distances and dimensions of his rinl!", beginning at the body of11l. ph,u't
'\Ill' yaHln!! ouhnlrtlt Wbat additloullIscaUslics from Her""hel?

Coogle
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In ft recent work, entltl.d .. The New Theo.,. of Creation and Delnl"," It la precllcle"
".at, ..t ...me future time. the Guld rloca or SaluTO ma, descend and dclorelbe p1"n~I,
"" DUll w"" deluged In Ibe da,o DC Noab. Sir Dnld Brewster oa,a :-" )Ir. Otto Slru\'"e
end Plr. Bond have lalel, Iludled wltb tbe creat Huoleh teleecope at Ihe Obae..,ator,
or PtJkowa" lb. third rloC or Salurn, whlob Mr. Dand. and Mr. Bond dloconred to
be O<Jd. Thele ..atrooOIDero aro or oplolon lbat Iblo Guld rloc la not DC .,er, reocol
IOrDIatloo, and lballt la not oubJoct to rapid cbaoce, and lbc,. ban Come to tho estra.
ordlJarJ" COOCIUII"D that tho loner bordor or tho rlDC bu, aiDco lbe time or HU1geno,
b<.e"l lp'''':oall, ApproacblDC tho bod1 oC Saturo, aod that we ma, expect, aoooer or
hkr, perba"" 10 .omo dotten o'C 1earo, CO aeo tho rlop llDlted wllb tbo body ofthe vlaDet."

604,. The rings of Saturn serve n.s reflectors to reflect the
liy,ht of the Sun up&n his disc, as our Moon reflects the light to
the Earth. In his noctnrnal sky, they must appear like two
gorgeous arches of light, bright as
h f'-'I d' h IIlClll'l' .,.. Il1'O. U'fII&II.r. C w moon, an spannmg t e

o:vhole heavens like It stupendoaa
~ainbow.

10 lbe anooxed Cllt, the bebnlder la .uppolll4
to be ,Ilualed lOme 30' north or the equator of
ilaluTO, aod looklnc dlrecllJ' ,oulh. The 4AadovI
,C lbo planet II leeo travelliog up Ihe arcb at
:be oigbl ad.,anceo, while a Nt!lO11_ la ohown
:n lbo weot, and a Pall lIC_ 10 tho eut at tho
",me tim..

505. The two rings united are nearly 13 times as wide as the
diameter of the Moon; and the nearest is only T\rth as far from
the pla.net as the Moon is from us.

The two rlop un.led are 1I1,llOO mDea wide; wblch+S180 the moon'a dlameter=12l•.
30 240,000 mllea, tho Moon'a dtataoce + 19,000 the dlalance or Saturn'a loterlor
:ing=llIH·

At the dtalance of 0011 19,000 mllea, our Mooo woold appear lOme rorl, tlmeo ... larce
11 abo doea al ber pr..eot dtataDCO. How magoiftceot and Inconcel.,.bl, reand, IhoD,
"'lilt theae .".01 rlngo appear, with a thouaand tlmea lbe Mooo'a marnltu e, and onl1
ene·twelfth parI oC her dlalancel

506. The periodic time of Saturn being nearly thirty years,
his motion eastward among the stars must be very slow, amount­
ing to only 12° a year, or one sign in 2t years. It will be easy,
therefore, havinll,' once ascertained his position, to watch his slow
progre88 eastward year after year, as he performs his vaat circuit
around the heavens.

MOONS OF SATURN.

501. Besides the magnificent rings already described, th
telescope reveals eight satellites or moons, revolving around Saturn.
But these are seen only with good instruments, and under favor­
&ble circumstances.

1M, What purpose do the rloC' or &lum oer.,e' Ho.... appear 10 hlo eTColng .Icy?
61111. Wldth.,C two rlnp, u compared with Mooo' OIotanee' Demonolrate botb. Bow
,.ould our Moon appeu at tbe 1I0lauoo DC 'li>tuTO'a rlDgo' :I/l6, Eaot''',,n1ll1011oo or
'lbtttnl' Bew ....cecI' 6eT. Mvn". oCS-.. , Nnw .een , Boot tiMe Cer nlt..,rvt"••

B.n. t1

Coogle
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AllTllCl1"OMY.

"'TIILU1'Jl8 or UYVU.

ThE' best time for observ­
:ng them is when the planet
:s at his equinoxes, and his
~ings are nearly iuvisible..

1D JaouaIT. 1849, thtl author ..w II...
,f the.. aalelJlle8, al reprelented 10 tbe adjoining cut. The r1np appeared 0017 ". a line
'f Usbt ""lending eacb WD7 frem tbe planet, and tbe oateUile. were In tbe direction 01
:h~ Una, at cWrerent dilItllDce.. AI bere rep......"ted

508. These satellites all revolve eastward with the rings of
~he planet, in orbits nearly circular, and, with the exception of
the eighth, in the plane of the rings. Their mean distances.
respectively, L'om the planet's center are from 123,000 to
2,366,000 miles j and their periods from 22 hours to 19 dayl'.
according to their distances.

Tte dilItaneea and perioD of the aaleUile. of Saturn are .. foUo.. :
DlM.-elIII mil-. IWIoale tim-. DldaaCII ill mil.. Perlodic tlm-..

lilt ••••••••••118,000••••••0 day til honn I' 6th •••••••••• 886,000 ••••.•4 d"Y" 111 hon....
III 1D9,000••••••1" 9 .. 6th •••••••••• 11S,ooo.•••. tll .. III ..
8d ••••••••••188,000 1 .. 11 .. 1th 940.ooo ll\l.... ..
"" S4O,ooo 1 .. 11 .. Sth 1,2G8,000 19" T ..

COIIP,j,a.&.~DDJ'I'.A..SCma OJ' 'I'IIW Moon OJ' UTtfBw.

cO>-.!!.!..LL---..l.--..- ....-.:.-- ._.:

509. The most distant of these satellites is the largest, sup
posed to be about the size of Mars; and the remainder grow
smaller as they are nearer the primary. They are seldom eclipsed,
on account of the great inclination of their orbits to the ecliptic,
except twice in thirty years, when the rings are edgewise toward
the Suo. The eighth satellite, which has been studied more than
all the rest, is known to revolve once upon its axis during every
periodic revolution j from which it is inferred that they aU
revolve on their respective axis in the same manner.

Let the line A B repreoent the plane
~f the pl.net·. orbit, C D bl. axl.. and
iii J' tbe plane of ble r1np. The .alellllel
being In tbe plane of the rlnlll wiJJ
revolve aroutId the .badow of the pri- _
m..,.. Inllead of pa..lng througb II, and ~cE
being ecUpeed. ~A~ '_ B

At the time of hi. eqnlnoxe., bowever, ~O4
when the r1nlll are tnrned toward lhe .n
Ban (oee A and K, cut, page 242) the7
must be In the center of the .hadoW' on

li08. The revolutions' Shape and po.ltlon of their orblte , Diltanc,," from their p.~
.....,., W'J. Compo'lrl\t!7. oi",,'
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llle oppoolte olde; and Ihe moono, revolTing In Ihe plan. of tho ringo, mnot pa.. lIlrongh
the shadoW" at every revolution. The eitrhth, however, may lometlwel eacape, on &CCOIIDt
of hlo d.partur. frow the plane of lIle ringo, &I obown In lIle cuI.

510. The theory of the satellites of Saturn is less perfect than
than that of the satellites of Jupiter, The difficulty of observ­
ing their eclipses, and of measuring their elongations from their
primary, have prevented astronomers from determining, with
their usual precision, their mean distances and revolutions. But
Clf this we are certain: there is no planet in the solar system,
whose firmament presents such a variety of splendid and mag·
nificent objects as that of Saturn.

The TartaU! aBpeCtl of the le'Ten moanl, ODe rlltn. aboYe the hortsoD, "bUe another 1:1
IettlDK, and a third approaching to the meridian i one foDtering Into an eclip8e, and
another emerging (rom one; ODe appearlD8' al a cr8Ct'Dt, and anoUler with a gibbous
phatle i and lometimes the whole of them ahining in the same hemisphere, in one bright
assemblage r The majestic motion or the rlorl-at one time llIumtnating the sky with
their splendor, and eclip11nr the atara i .t another, CH.8ttng a deep .bade over certain
region. of the planet, and unveiling to view the wonder. of the Rtarry ftnnament, arc
.ceneR worthJ of the mMJeltl of the Divine Being to unfold. and of rational creature. to
contemplate.

'Such dlsplap of Wlodom and Ownlpotence, I.ad no to conclude that the num.rOD'
aplendld object. connf'C"ted with this planet, were not created merel1 to .hed their lUlter
au nak.d rockl and barren IIndo; bUI thaI an Immenoe po,ulallou of Intelllgeot beingr
Uo placed !II 1Il0l0 r.o.. to ellloylIle bO>lCIly, aoll adore tbe ..odn.... o.r their gr.at
CrealOr.

CHAPTER VIII.

PRJlIARY PLANETS.-URANUS AND NEPTUNE.

511. URANUS is the next planet in orderfrom the Sun, beyond
or above Saturn, To the naked eye, it appears like a star of
)nly the 6th or 7th magnitude, and of a pale, bluish white; but
it can seldom be seen, except in a very fine, clear night, and in
the absence of the Moon. Through a telescope, he exhibits a
small round uniformly illuminated disc, without rings, belts, or
disce~ible ;pots. His apparent diameter is about 4", from
which he never varies much, owing to the smallness of our orbit
in comparison with his own.

MO. IJI the oyotem of Salurn well und.rltood' Why not? Of what are "'e Ill'"
Wbat ICeD. mUlt It pre"entP To wbat conclusion mUlt tbetle pheDomeDh lid ..t
511. POIIlticn and appearanoo " Uranuo' ThroUlb a teI...o"" ,
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~Ir Jolla Rencbel lap he II without dlllCel'Dible lpolll, ""d yet 10 hll ",bIPI he I"",
down tht'! time of tbe phmet'l rotAtion (which could onl1 be ucertained b7 the rotw,11h"
01 lpoto apon the plond'l dlse" at 0" hou.... Thll time II probtib17 ..otvon "11 the
iuU.url17 01 Sebree",r, aad Is marked al doubtful b, Dr. HorBChoL

512. The motion of Uranus in longitude is still slower thun
that of Saturn. It mQves over bnt one degree of its orbit i
85 days; hence he will be lel'eII year' in passing over one sig.
or constellation. His pl'riodic time being 84 years 27 days, hi:;
eastward motion can amount to only abont 40 17' in a whole
vear. To detect this motion reqnires instrnments and close
observatiolls. At this date (1866). Uranus hRS made thl' entire
circuit of the heavens since his discovery in 1781; having
pBSlled, in 1865, the point where he was first lIeen, and being
DOW upon his lICcond known journey around the heavens.

It Is remarkable that this body .... o........ed .. far back .. 16l1O. It "al leon three
,tm. 1)1' l'Iam'\ead, once by Bradley, ooce by M&7er, and eleven Umes bJ Lemonnit"r,
..bo repterecl It among the ltan; bllt aot one of Ihem laapected It to be a planel.

513. The ineqnalities in the motions of Jupiter and Satlrrll,
which could not bc accounted for from the mutual attractiOlis
of toe1l6 planets, led astronomers to suppose that there existed
afluther planet beyond the orbit of Satnrn, by whose action
these irregularitics were produced. This conjecture was con­
firmed March 13th, 1781, when Dr. Herschel discovered the
f1lCJtiom of this body, and thns proved it to be a planet.

514. The mean distance of Uranus from the Sun.is
1,828,000,000 of miles; more than twice the mean distance of
Satnrn. His sidereal revolution is performed in 84 years and
1 month, and his motion in his orbit is 15,600 miles an hour.
He is supposed to have a rotation on his axis, in common with ­
the other planets; but astronomers have not yet bP.en able to
obtain any ocular proof of snch a motion

515. ilis diameter is estimated at 36,000 miles; which would
mnke his volume more than 80 times larger than the Earth's.
To his inhabitants, the SilO appears only the Th part as huge
Illl he does to us; and of course they receive from him only that
8~all proportion of light and heat. It may be shewn, however,
that the Th part of the Sun's light exceeds the illuminating
power (of 800 full mOODS. This, added to the light they mnst
receive from their six satellites, will render their days and
nights far from cheerless.

lilt. RII motion In longltllde' PerIodic time' ADguiar motion per yeAr' Ho.. flU
bAa I.e been traceol Iince hll dllcove,,' When complete hil revolution' W.. he ever
.eon ;>r.Y10UB to I,~;' By ..hom' 'Vb, are tbe, not II>. dUcoo~"""', thea r 1118. W..
Ill. est9~D...-e luspected previous &0 IT811 What ground for the lusplcion' How J.lro\"etl
to be • pU~(i,et' r,14. Mean dlltance' 8it1ereal re,.olution? Hourly motion in ,.rbi"
8I\aU,in OD s'S'l~? r}I,~. Dlal1let1)r? T'l')'{ur' !.Jl(ht &D:'1 l\tsat? U". (if """, '-I •. ·"
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516. Uranus is attended by six moons or satellites, which
l'e\"olve aboi¥ him in different periods, and at various distances.
~'our of them were discovered by Sir William Herschel, and twa
by his sister, Miss Caroline Herschel. It is possible that othel'l'
remain yct to'be discovered.

Most of the satellites revolve from east to west around their
primaries: but the satellites of Uranus are an exception to thi!l
rule, Tbelr orbits are inclined to the plane of the ecliptic '19°,
being little less than a right angle; and their motion in their
orbits is retrograde, tha.t is, from ea.st to west.

The dlatanee from the planet, aDd the periodic Urn. of the ..tellltea of Uranu..
reapecUvely, are .. follo....:-

DIlL. ia mU-. Periotlie Um.. DIIt. ta Dill.. Peri04llc lim...

D. JL n. B.

1. .•••. ..120.000 11 1111" 880.000 13 11
ll. 111.000 4 II Ii. 711.OOO 8S II
II •... . 288,000 S 17 6. 1,066,000 107 16

NEPTUNE.

517 This is the most distant of the primary planets. and in
'Some respects one of the most interesting. It is about 35,000 miles
in diameter, is situated at the mean distance of 2,862,000,000
miles from the Sun, and revolves around him in 164 years. So
remote is this newly-discovered member of the solar system, that
for a body to reach it, moving at ra.ilroad speed, or 30 miles an
hour, would require more than t'U!mty tlwusamd yean!

518. The circumstances of the dUCQ1;tTy of this planet are at
once interesting and remarkable. Such is the regularity of the
planetary motions, that astronomers are enabled to' predict, with
great accuracy, their future places in the heavens, and to con·
struct tables, exhibiting their positions fcor ages to come. Soon
after the discovery of Uranus, in 1781, his orbit was computed,
and 8 table constructed for determining his future positions in
the heaveus, but instead of following the prescribed path, or
occupying his estimated positions, he was found to be yielding to
some mysterious and· unaccountable influence, under which he
was g-radull.lly leaving his computed orbit, and failing to meet

. conditions of the tables.

1l10. Number of Moon.' By whom discovered? II It certain that Uranu. hlUl Ills
."!elUte.' Why doubtful' 017. DI.tanee and diameter of Neptune' Period' How
klrog to pa•• from tbe Sun to It at railroad .peed? MS. What r_arkabl. clrcUJ1>o
~;J_ reopectlng Ita dllcover;y? Perturbation'
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519. At first this discrepancy between the observed and the
t;I.lLimated places of Uranus, was chargE'd upon the tables, and li

new orbit and new tables were computed, which it was thonght
could not fail to represent the future places of the planet. But
these 11011.0 seemed to be erroneous, as it was soon discovered tho t
the computed and observed places did not agree, and the differ­
ence was becoming greater and greater .every year. This was
an auomaly in the movements of a planetary body. It was not
strange that it should be subject to perturbations, from the attrac­
tive influence of the large planets Jupiter and Saturn, as these
were known to act upon him, as well as upon each other, and
the smaller planets, producing perturbations in their orbits, but
all this had been taken into the account in constructing the
tables, and still the planet deviated from its prescribed path.

520. To charge the discrepancy to the tables, was no longer
reasonable, though it was thought perhaps sufficient allowonc~

hud not been made, in their computatiou, for the distnrbing influ­
ence of Jupiter and Saturn. To determine this question, M. Le­
verrier, of Paris, undertook a thorough discussion of the sub­
ject, and soon ascertained that the disturbing influence upon
Uranus of all the known planets, was not sufficient to account
for the anomalons perturbations already described, and that they
were probably caused by some ulIkllown pla7W, revolving be)"ond
the orbit of Uranus. From the amount and effect of thiR dis­
turbing influence from an unknown source, the distance, magni­
tude, and position of the imaginary planet were computed.

521. At this stage ot the investigation, Leverricr wrote to
his friend, Dr. Galle, of Berlin, requestin~ him to direct his
telescope to that part of the heavens in which his calculations
had located the new planet, when 10 I there he lay, a thousand
millionl nf milu btyond the orbit of Uranus, and yet within Ic~

than one degree of the plau pointed out by Leverrier I This
was OIl the 1st of September, 1846.

522. While M. Leverrier was engaged in his calc:llations at
Paris, Mr. Adams, a young mathematician of Cambridge, Eng­
land, was discussing the same great problem, and had arrived at
similar results even before M. Leverrier, though entirely igno­
rant of each other's labors or conclusions. This Ileems to estab-

------ ---------------
111g. To "'hat attributed at IInU What dODe to correct? What theD' li2O. What

De"t uDdertakeu, aDd b,,,,hom' What re.ult and coDelooloD' llIll. What rem..,kabl~
computation and letterP Relult of Dr. Galle's Karch' 022. Who ellp. Invesllgatins
the SUbject at the same time' W. cODclooloD.' What ract doe. thil establilh' Wb;;'
Dot Ad..ma tho dilcoverer'
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lliIh the fact, that the ncw planet was discovered by calculation,
thongh the failure of Mr. Adams to publish his conclusions, cut
off his right to the honor of the discovery.

523. Since the discovery of this planet, it has been ascertaiuell
that it was seen as far back as 1795, though supposed to be a
fixed star, and catalogued as such i and that all the irregulari­
ties of Uranus, with which astronomers were so much perplexed,
Ilre perfectly accounted for by the influence of the new planet.

524. Neptune is attended by but on~ satellite, 80 far as IS

known. It was discovered by Mr. LasselI, of Starfield, near
Liverpool, October 12, 1846. It revolves around its primary
in 5 days and 21 hours, at a distance of 236,000 miles from the
planet's centre. Its orbit is inclined to the plane of the ecliJAio
29°. and its motion in its orbit is retro!1rade, like the direction
of the satellitetl of Uranus.

OHAPTER IX.

OOMET~THEIR NATURE, MOTIONS, ORBITS, &C.

525. COllETS, whether viewed as ephemeral meteors, or as
substantial bodies, forming lL part of the solar system, are objects
of no ordinary interest. When, with uninstructed gaze, we look
upwards, to the clear sky of evening, and behold, among the
multitudes of heavenly bodies, one, blazing with its long train
of light, and rushing onward towards the center of our system,
we insensibly shrink back as if in the presence of a supernatural
being. But when, with the eye of astronomy, we follow it
through its perihelion, and trace it far off, beyond the utmost
verge of the solar system, till it is lost in the infinity of space,
not to return for centuries, we are deeply impressed with a sense

. of that power which could create and set in motion such
bodies.

526. Comets are distinguished from the other heavenly bodies,
by their appearance and motion. The appearance of the plauets

~28. Haa Neptune ever been leen prior to 1846 r What .uppo.ed to be r Doe. It
Bcr.Ollnt ror the perturbation of Uranus' :>24. lIal Neptnne a satellite? \Vhen, aoJ.
by whom dl.co.ered r What .ald or ring. r ~2lI. Subject or thi. chllpter rHo"
JunletB regar Sed by the uowkucted.' By tbe a.atrulIOI11t:r? 626. How dhlUDrt1Jbe.1
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is globular, and their motion around the Suu is nearly in the
tame plane, and from west to east j but the comets havo
variety of forms, and their orbits are not confined to any par­
ticular part of the heavens j nor do they observe anyone general
direction.

The orbits of the planets approach nearly to circles~ while
those of the comets are very elongated ellipses. .A. wire hoop,
for example, will represent the orbit of a planet. If two oppo­
site sides of the same hoop be extended, so that it shall be long
and narrow it will then represent the orbit of a comet. The
Sun is always in one of the foci of the comet's orbit.

OUIT OW' ~ OOIIID.

Here It will be oeeD that the orbllil ve.., eccenlrle, that the perihellOll point live..,
Dear the Sun, and the aphelion point nr, relUote.

There II, howeYer, a practical diOicult, of a peeullar nature which embarra.... the
solution of the question al to Ibe form of lbe comela.., orbits. It 10 bappenl Ibat lhe
oDl, part of the coune of a comet which ClID enr be vllible, .11 a portion throughout
which the elllpoe, the parabola, and hrperbola, 10 closeI)- relemble each olber, that no
obsernt!oOl can be obtained wltb .u/llclent aceuraey to enal)le III to d1atinlltli.h them.
in fact, the oblerved path of an, comet, while vilibl., m., belong eltber to an ellipse,
parabola, or hJperbola.

527. That part which is usually lJriglUl!:r, or more opafJ1U, than
the other portions of the comet, is called the nudeus. This if'
surrounded by an envelope, which has a cloudy, or Ilairy appear­
ance. These two parts constitute the body, and, in many
instances, the whole of the comet. Most of them, however, are
attended by a. long train, called the tail; though some are with­
out this appendage, and as seen by the naked eye, are not easily
distingnished from the planets. Others again, have no apparent
nucleus, and seem to be ouly globular masses of vapor.

Nothing II known wilb certainty of the c?mpolitlon of these bodle.. The ennlope
apI-can to be nothing more than vapor, becoming more luminous and tranaparent whOll

tr"m otber bodle.' I'orm' Orbits' What practical dlffioulty mentioned' !liT.
What b the lIucletu of a comel' The ....,.l<>~, The tail' . Have all comets th....
Ib...,. parla' Do we underatand of wbat they are compo!led' What evidence of Ibell
"Xtremo tenuity'

Coogle
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..pprO&Chlnllh~Sun•• AI the eometl pall between UI "nd the lind ltars, th~lr en..kope>
nod tails are "0 thin, that stan of very small magnitude may be seen through them.
Some comets, hJ.nn. DO Ducleus, are transparent throughouL their whole extent.

528. The nucleus of a comet sometimes appears opaque, and
~t then resembles a planet. Astronomers, however, are not
agreed upon this point. Some affirm that the nucleus is always
transparent, and that comets are in fact nothing but a mass of
vapor, more or less condensed at the center. By others it is main­
tained that the nucleus is sometimes solid and opaque. It
seems probable, however, that thl:re are three classes of comets,
viz. j 1st. Those which have no nucleus, being transparent
throughout their whole extent j 2d. Those which have a trans­
parent nucleus j and, 3d. Those having a nucleus which is solid
and opaque.

529. A comet, when at a distance from the Sun, viewed
through a good telescope, has the appearance of a dense vapor
liurroundiug the nucleus, and sometimes flowing far into the
regions of space. As it approaches the SUIl, its light becomes
more brilliant, till it reaches its perihelion, when its light is more
dazzling than that of any other celestial body, the Sun excepted.
In this part of its orbit are seen to the best advantage the phe­
nomena of this wonderful body, which has, from remote autiquity,
been the specter of alarm and terror.

530. The luminous train of a comet usually follows it, as it
~pproaches the Suu, and goes before it, when the comet recedes
from the Sun j sometimes the tail is considerably curved towards
the region to which the comet is tending, and in some instances,
it has been observed to form a right angle with a line drawn
from the Sun through the center of the comet. The tail of the
comet of 1744, formed nearly a quarter of a circle j that of
1689 was curved like a Turkish sabre. (Map IX., Fig. 73.)
Sometimes the same comet has several tails. That of 1744 lJad.
at one time, no less than six, which appeared and disappearp~ in
a few days. (See Map IX., Fig. 74.) The comet of 18113
had, for several days, two tails j one extending towards the Sun,
and the other in the opp01lite direction.

531. Comets, in passing alllong and near the pinnets, are ma­
terially rlrawn aside from their courses, and in some eases have
their orbits entirely changed. This is remarkably true in regard

~. What dillerence of opinion respecting t' e nucleus of <."omets? 'Vhnt probablo
'Solution l' :>29. Huw do th~y uppear when viewed through a telt:scope at a ;Ji:itallm.~

rrdm the Sun? A~ it uppl"OachcliJ him? Where seen to bt:st ad vantage? 530. t'dua.\
I'rt",·ti"'l IIf tIlt' Irnin~ of l'omeh? Other pollitlerl? Cumet of 11.... ? or Ib8.? 01'
~:':' .• ? fJ;-J:. ll1i:.,l:I.I,;"..,; zLLlrac.:l.ion upun comet.? Jllurttraliolll? Comet 0: 1170 I

11'"
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to Jupiter, which sel)ms by some strange fatality to be const8utl)
in their way, and to serve as a perpetual stumbling-block to
them.

"The remarkable comet of 1110, ..bleh wu found by Lexetl to revolve in a moderatG
elllpl!le, In a period of about flve years, actwl.1ly got m&taAQl«l among the aatellitel of
Jupiter, and throwll out of ita ol"blc by the attractlonl of that. planet," and hau not ken
heud of since.-OeracAN, p. 810. By thLs extraordinary rencontre, the motioDI of
Jupiter'. latellitel sufl"ered DOt the least perceptible derangement i a lufD.ctent proof of
th~ Hoerlform nature of the comet'. ma.l8.

532. It is clear from observatiou, that comets coutain very
little matter. For they produqe little or no effect on the motion
of the planets when passing near those bodies; it is said that 30

comet, iu 1454, eclipsed the Moon; so that it must have been
very near the Earth ; yet no sensible effect was observed to be
produced by this cause, upon the motion of the Earth or the
Moon.

The obIervatlO.lI of phUolophero apon cometo, have al 7et detected nothing or their
nature. T)'~ho Bralle and Appian IUppoSed lhelr talll to be produced h),lbe ra7s or the
SUD traDsmltted thrlJugb the DucleUl, which they SUppOl'ed· to be traospa.rent, and to ope­
rate as a lenl. Kepler thought t.hey wt:re occasioned bl the atmosphere of the comet,
driven at!' by the impulse of the S\ln', 1'&18. This opinion, with lome modification, WBI
allo maintained by Euler. Sir lBaac Ne,,&.on conjectured that they were a thin vapor,
riling from the heated nucleua, a. smoke a.cends from the Earth i while Dr. Hamilton
ourpoled lhem to lie Itreaml or eleclrlcity.

"'l'bat. the luminuUl part or a comet," 1.1'. SIr John Herlchel, Ito iB something in the
nature of a smoke, fog, or cloud, suspended lD a transparent atmosphere, is evident from
• raet which hal been often noticed-via., that the portion or the tail where it COmel up
to, and lurroundl the head, 18 ye& Hepa.rated from it bl &n iuterv&lle!! luminous; &II we
often lee one laler or clouds laid flyer another with a eODsldera.ble clear space between
them." And again: u It rolioW's that these can ollly be regarded al great massel of thin
vapor, susceptible of being penetrated through their whole lubstance bl the sunbea~.1t

533. Comets have always been considered by the ignorant nOlI
superstitious, 8.ll the harbingers of war, pestileuce, and famiue.
Nor has this opinion been, even to this day, coufined to the
unlearued. It was once universal. And when we examine the
dimeusious and appearances of SOIne of these bodies, we cease
to wonder that they produced universal alarm.

According to the teltimoDy 01 the early writerl, a comet which could be Bepn in dal­
light with the naked eye, made Ua apPf'arance 43 years before the birth of our Sa viour.
This date was just after the d~atb of C.,sar t and by the ROUlans, the comet W'al believed
to be hill metamorphoaed soul, armed with fire and vengeao<::e. ThiJ ccmet il again men­
Ltoned a8 Kppearing in 1106, and theh resembling the Sun in bri«htneS8, being of a great
lise, and having an immense tail. In the year 1402, a comet W&ll leen,lO brillian&. as to
be di,cerned at Dooo-dal. '

534. In 1456, a large comet made its appearance. It sprend
a wider terror than was ever knowu before. The belief was very
general, among all ('lasses, that the comet would destroy the
Earth, and that the Day of Judgment was at hand I

ll8!I. What laid or lhelr Ill)'.ical natur.. ' Opinion or T)'cho Brahe' or Kl'pler and
"'ler' Of Ncwtonai1J Dr. HamlltonJ Of Sir John Henchel? 688, Howh~v~clJrtlettl
ulnal1y been regarded by:.he ignurant? What rem&rkabl~ {:(lmet mention'!d' M-t
Whal comet 10 I~! U""t or ila appearaace' Hal it appeared Iln~I' 1&.0 p.riQd'
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The Bame comet appeared again in the years 1531, 1601,1682,
1158 and 183!l. It passed its perihelion in 1\ovember, 1835,
and will re-appear every 1St years thereafter.

At the time or the appear""ce of this comet, the Turks extended their victorious aJ'D16
L:,C:rOfH the Hellespont, and seemed destined to overrun all Europe. This added Dot a
Jttle to the general gloom. Under all these impresslous, the people seemed totally regard..
' tc l§S of the present, and anxious onll for the future. 1.'he Komish Church Iteid at this
time unbounded away over the lives, and fortun~l, and cODscienc~of men. To prepar...
the 'World tor its expected doom, Pupe Calixtus III. ordered the Ave Alaria to be repeated
three times a day, instead of two. He ordered the church bella to be rung at noOl1.
which waa the origin of that practice, 80. ullhrerBal In Christian churches. To the Ave
Maria, the prayer was added-u Lord I save us from the DeVil, the Turk and the Comet ;'.
1.ud once, each day, these three obnoxious personages luffered a regular excommunl­
;atiolJ.

The Pope aDd clergy eIh Iblting such fear, it is not a matter of wonder that It became
the ruling pusian of the multitude. The churches and cODventd were crow 'ed for con­
r"'ssiou of sins; and treasures Wlcounted were poured into the Apostolic chaL ber.

The comet, after suffering some months of daily cursing and excommunlcat, '0, began
to show signs of retreat, and sooo disappeared from those eyes in which it I 'und u(
favor. Joy and tranqUillity soon returned to the falthfulsubJectl of the Pope, bu not B(

their money and lands. The people, t:owever, IJecame 8atistled thR.t their lives, aud the
.afety of the world, b,ad been cheaply purchased. The Pope, who had achieved so tlignal
a victory over the monster of the sky, had checked tbe progress of the Turk, and kept,
for the present, his 8atanic majesty at a safe dl:dunce; while the Church of Rome,
retaining her unbound~dwealth, was enabled to continue that influence over her ColloW'­
ers, which she retains, in part, to t11i:l day.

535. The. comet of 1680 would have been still more alarming
than that of 1456, had not science robbed it of its terrors, and
history pointed to the signal failure of its predecessor. This
l'omet was of the largest size, and had a tail whose enormous
length was more than ninety-six mi/l,iuns of miles. (Map IX..
Fig. 75.)

At its greatest distanl'e, it is 13,000,000,000 of miles from
the Sun j and at its nearest approach, only 514,000 miles from
his center j* or about 130,000 miles from his surface. In that

• In Brewster's edition of l'e11fWJon, Utis distance 18 stated al only 49,000 miles_ Thil
i. eVidently a mistake i for if the comet approached the 8un's center within 49,000 miles,
It would penetrate 890,000 miles below the surface! 1'aking Ferguson'. own elements for
computing the pel'ihelion di2ltance, the reeult will be 494,460 miles. The mistake may be
accounted (01', by supposing that the cypher had been omitted in the copy, and the period
pointed olf one figure farther to the lett. Yet, with this alteration, it would be Itill incor.
rect; because the Earth's mean distance from the 8un, which is the integer of thie calcu­
la.tion, Is assumed at 82,000,000 of mUM. 1.l he ratio of the comet's pel'iht:lion distance
from the Suo, to the Earth'. meaD diltancfJ, as 8'iven by M. Pingre, is as 0.00608 to 1.
This muJtiplied Into 96,278,869, gives l)14,MO mileR for the comet'oII perihelion distance
from the Sun's (YfI~r; from which, if W'e sub.tract his Bemi-diameter, 448,840 miles, we
shan have 180,660 miles, the dist.ance of the comet from the ludace of the 8un.

Aga.in, if we dividt:: the Earth's mean distance from the Sun, by the comet's perihelion
dl~ta.nce, We stlall find thKt the latter is ouly 1-1OOth part (\f the Earth's diltance. Now
the equare of 166 is 21,M6; and this eltpressel the number of times that the Sun appears
largn- to the comet, in the above situation, than it does to the Earth. Squire makes it
801,696 times lar,er.

According to Newton, the velocity is 880,000 miles per bour. More recent diicovertee
indicate a velocity of 1,240,108 miles per hour.

Incidents respecting the Turks and Church or Rome P ll8ll, Comet or 1680? Lenllth 01
!tl~ ~iI' Aphelion and perlhelion dlltances' Rapidity of it. motion when nearelt the Sun'
""hat error corrected? Appearance of the Sun from that point? lleAt of the comd'
Indicates whAt' Fanciful theory of Dr. Whiston. and remaro upon it ,
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•
part of its orbit which is nearest the Sun, it flies with th6 amaz.
mg swiftnellS of 1,000,000 miles in an hour, and the Sun, as Mel.
from it, appears 27,000 times larger than it appears to Uil ; COD­

sequently, it is then exposed to a heat 27,000 times greater thall
the solar heat at the Earth. This intensity of heat exceeds,
several thousand times, that of red-hot iron, and indeed all t.he
degrees of heat that we are able to produce. A. simple mass of
vapor, exposed to a thonsandth paN of such a heat, would be
at once dissipated in space-a pretty strong indication that,
however volatile are tbe elements of which comets are composed,
they arp, nevertheless, capable of enduring an incollceivahle
intensitI of both heat and cold.

Tbl.' the comet ...hlch, 1ICC0rdiog t<>th. r.T.rI•• of Dr. WhI.ton and oth.n, delug.d
the wt1~~d In the time or Noah. WhJ,l1on "a8 the friend and lucceuor of Newton; but,
austnWl to know more t.han Is revealed, he palled the bound. of BOber philosophy, and
pr.lIlm.d oot ooly to fix th. reold.nee of the dlwned, but &lao the nature of their pWllsb·
me'ot. Accordinl to tht. thea..,., • comet 11'&1 the awful priltODwboule in Which, &8 il
wheeled from th.e remote.t regions of dar~ne•• and cold Into the very vicinity of the
SUD. hurr,ing Us wretched tenaota to the e~tremel of pertahing ~old and devoW"ing fino,
lbe Almighty was to di,pense the ReverB les of hiB Justice. Sucb theoriet may be lngenioU:l,
but they have no basis of facts to rest upon. They more properly belong to the cbimera.
of AstJ"ology, than to the scIence of Astronomy.

536. When we are told by philosophers of great caution Bnd
high reputation, that the fiery traiu of the comet, just alluded
to, extended from the horizon to the zenith; and that that of
1744 bad, at one time, six tails, each 6,000,000 of miles long,
long, and that another, which appeared soon after, had oue
40,000,000 of miles "long, and when we consider also the incon­
ceivable velocity with which they speed their flight through the
solar system, we may cease to wonder if, in the darker ages,
they have been regarded as evil omens.

But th..e Idle fanta.I•• Ire not p.cnllar to anyag. or country. Enn In our oom
times, the beautiful comet of 1811, the mOlt splendid oDe of modern times, was generallJ'
cODsidered Kmonr the superstitious, &8 the dread harbinger of the W&r which was
declared In the follo...lng .prlng. It Is ....n kno...o thlt an iud.lloilo appr.heo.ion of •
more dreadful cata.trophe lltely p.rnd.d both continents, In antlelpallon of Bi.la'a
""met of IS3\!.

537. The nucleus of the comt:'~ of 1811, according to observa­
tions made near Boston, was 261 i miles in diamete', correspond­
ing nearly to the size of the Moon. The brillian,-y with which
it shone, was equal to one-tenth of that of the Moon. The
envelope, or aeriform covering surrounding the nucleus, was
24,000 miles thick, about five hundred times as thick as the
atmosphere which encircles the Earth ; making the diameter of
comet, including its envelope, 50,617 miles. It had a very

MO. Why not Itrange that these cometl were re~ardedas evil Qm~ns' Art 8UC!lIQpe:"­
.tition. ".collir to any age or couotry! What Ulu.trltlom! Wi. Sl.. of the """"'"
of 1811' ltJol motion :It ttll pt"rHlt°llon?
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luminous tail, whose greatest length was om hUMud milliurLs of
milu. Map IX., Fig. 76. This comei moved, in its perihelion,
with an almost inconceivable velocity-fifteen hundred times
~reater than that of a ball bnrsting from the mouth of a cannon.

538. According to Regiomontanns, the comet of 1472 moved
over an arc of 1200 in one day. Brydone observed a comet at
Palermo in 1no, which passed through 50 0 of a great circle in
the heavens in 24 hours. Another comet, which appeared in
1759, passed over 41 0 in the same time. The conjecture of Dr.
Halley, therefore, seems highly probable, that if a body of such a
size, having any considerable density, and moving with such ;~

velocity, were to strike our Earth, it would instantly reducl1 it
to chaos, mingling its elements in ruin.

The t!'&nslent erred of a body pauing near the Earth, could scarcely amount to any
RTea&. convulsion, lay. Dr. BreW'Ster; but if the Earth were actuaIJy to receive a IIho<.~k

from one of theBe bodie., Uhaving any cODsiderable density," the consequenC'38 would
mdeed be awful. A neW direction would be given to ita rotary motioll, and It would
revolve around a new asl.w The Beas, forsaking their beds, would be hurried, by their
Cf!Dtrlfugal foree, 10 the new eq:uatorial regions; islands and contlll~nt.s, the abollp.s of
mea and animals, would be covered by the univeraal rush of the waters to the new
equator, and every Testlge or human Industry and gcniW!l would be at once destroyed.
But 10 far as we are aBlet acquBiuted with these singular bodies, thel are altogether too
Ugbt and gBlseous to produce any lIuch results by collision.

539. The chances against snch an event, however, are so very
numerous, that there is no reason to dread its occurrence. The
French government, not long since, called the attention of some
of her ablest mathematicians and astronomers to the solution of
this problem j that is, to determim upo.n mathematical principles,
how many chanas of collision the Earth was exposed to. After a
matnre examination, they reported-" 'We have found that, of
281,000,000 of chalices) there is only one unfavorable-there ex­
ISts bllt om which can produce a collision between the two bodies."

It Admitting, then," lay they, iii for a moment, that the cometl which may strike the
Earth with their nucleuses, would annihllate the whole human race i the d~llger of death
&0 each IndiVidual, nsultlng from the ap~arance of an un.kno1cn C<nnf·t, would be
e:xactl, equal to the rl:tk be ..auld run, if In an urn there was only OM Ilinglllj white ball
amonl a total number of 281,000,000 ballll, and that his condemnation to d~ath wuuld be
the inevitable con:tequence of the ..hite ball being produced at the fint draWing."

A little reflection, however, will Iho" Lhac al1 luch fears are groundless. The same
~nerring hand that guides the ponderous planet in its way, directs u.hso the mR,iesti\l
oomet; a.nd where infinil.e wisdom and almighty po..er direct, 1& i8 almost profane &u talk
or coll18ion or acctddlt.

540. We have hefore stated that comets, unlike the planc~

observe no one direction ill their orbits, but approach to, nnd
recede from their great center of attraction, in every possible

1llJ8. Velocity of the comet of 14721 or 1770? Of 171:>9' Dr. J!.lIey's conjecture?
Dr. Bre"lter's' Could a comet produce auy lIuch effects' 089. Is such a collildoD
prohnble? Why Dot' MO. What laid of the orhile or comele and thllr ,arlDIII
dlrectioDs?
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directiou. Nothing can be more sublime, or better calculate(l to
till the miud with profound astonishment, than to contemplate the
revolution of comets, while in that part of their orbits which
comes within the sphere of the telescope. SOllle seem to come
up from the immeasurable depths below the ecliptic, and, having
doubled the heavens' mighty cape, again plunge downward with
their tiery trains,

.. On the IODg lI'avel or a thouoand year.."

Others appear to come down from the zenith of the nniverse
to double their perihelion about the Suo, aod then reascend far
above all human vision. Others are dashing through the sol8l'
system in all possible directions, and apparently without any
undisturbed or undisturbing path prescribed by Him who gu;des
and sustains them all.

541. Until within a few years, it was universally believed that
the periods of their revolntions must necessarily be of prodigiolls
length j but within a few years, two comets have been discov­
ered, whose revolutions are performed, comparatively, within
our own neighborhood. To distinguish them frum the _more
remote, they are denominated the Comets of a slwrt period. The
tirst was discovered ill the constellation Aquarius, by two French
astronomers, in the year 1786. The same comet was agaiu
observed by Miss Caroline Herschel, in the constellation Cygnus,
in 1795, and again in 1805. In 1818, Professor Eueke deter­
mined the dimensions of its orbit, and the period of its sidereal
revolution j for which reason it has been called" E1u:li.eS Comet. '
]\fap IX., Fig. 77.

This comet perform. its revolution around the SUD tn about 8 years and 4 months, in
an elliptlco.l orbit which Hes Wholly within the orbit or Jupiter. Ita nua", distance from
the SUD is 212,000,000 of miles; the eccentricity of its orbit is 179,OUO,OOO of miles; COD­

sequently, II 868,000,000 of JUlies Dearer the SUD in its perihelion, tllan It is to it., apl,e­
lion. It was visible throughout the Unitt:d Stateli in 18~, when it pr~!ieDted a ftUl~

appearance. It was also observed at its next return in 1828; but Its return to im pcril1e·
hfm on the 6th of May, 1832, was invisible in the United StM.te8, on accollDt of ita grea'
loutbern declination. It bas returned at regular periods since that time.

542. 'rhe second" comet of a short period," was observed" in
1772 j allli was seen again in 1805. It was not until its reap­
pliarallee in 1826, that astronomers were able to determine the
elements of its orbit, and the exact period of its revolutiun.
This wall successfnlly accomplished by M. Biela of Josephstadt j
hence it is called BiP..la!s CO'TMt.

541. 'What.optnlon respecting their reriodl? What distinction in cometl fOlwded on
the ~engths of their periods r Hi_tory of II Enclu', Gom~t1" 1m period, orbit, mear
i::B·.anc~, eccentl;l,.itr of its orbit? 5402. Hi5&ofJ of U Bitlf,', Comd r'" III di.meter~
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According to oblervatlonl maoie npon It In 18M, by the celebrated Dr. Otbers. Its
Ji.meter, including tt. envelope, is 42,tsO miles. It II a curious fact, that tht" pa.th ,)r
Diela'a Comet puBe8 very near to that of the EArth; 10 neaf, that at the mOD'"f'nt the
ttmter of the comet II at the polot nearelt to the Earth'. path, the matter or'the cornat
extend. beyond that paLth, Rod includes a portion within It. Thu8, if the Earth were as
that point-of Ita orbit which J. neareat to the path of the comet, at the ..me moment
that the comet Ibould be at that point of Ito orbit which II neare.t to the path of tho
Barth, tbe Earth would be enveloped in the nebuloUB atmosphere or the comet.

"'"ith resPt"Ct to the efrtK:t wblch might be produced upon our atmosphere by luch a
clrcum8tance, It 18 ImpOIJllble to alrer anything but the most VAgue cOnJecture. Sir Jullll
Herschel wal able to dlltinguilh Itars .1 minute 8. the 16th or 17th magnitude thl',n.gh
ClUJ body of~ cOmet I H~nce it 8eem8 reasonahle to infer, that the n~bulouB matt~r of
which it lB composed, mUlt be infinitely more attenuated than our atmof!:phere i 80 that
lor every particle of cometary matter which we &bowd lob.le, we .bould inspire million.
of parl;"\eI of atmolpherlc air.

543 'l'his is one of the comets that was to come into collision
with the Earth, and to blot it out from the Solar System. 111
returllin~ to its perihelion, November 26th, 1832, it was comput­
ed that it would cross the Earth's orbit at a distance of olily
18,500 I'liles. It is evident that if the Earth had been in that
part of her orbit at the satM time with the comet, our atmos­
phere wC'uld have mingled with the atmosphere of the comet,
and the two bodies, perhaps, have come in contact. But the
comet passed the Earth's orbit on the 29th of October, ill the
8th degree of Sagittarius. and the Earth did not arrive at that
point until the 30th of November, which was 32 days after·
wards.

If we multiply the number of hours In 82 days, by 68,000 (the velocity or the Earth pel
hour), we lhall flnd that the Earth WIUI more than r,2,OOO,OOO miles behind the comet wJJt~1l

iL cros.ed ber orbit. It. nearelt approach to the Earth at a.ny time, 11'&1 a.bout 61 ,OOO,OUO
tlf mUes; Its nearelt approach \0 the Sun, WIUI about 88,000,000 of milel. Its mean dis·
tance from &he Sun, or half the longest &Xl8 of Iu ol"bit, is 887,000,000 of mile8. ltd
eccentricity t. 2lJ8,OOO,OUO of mile.; conlequenUy, it II 607,000,000 or milel nearer the
iluD In ita perihelion than II II In Ita aphelion. The period of Its Iidereal revolutlon II
t460 da)'I, 01 about 1% daYI.

544. Although the comets of Encke and Biela are objects of
vp.ry great interest, yet their short. periods, the limited space
within which their motion is circumscribed, and consequently the
vl.'ry slight disturbance which they sustain from the attraction
of the planets, render them of less interest to physical astrono­
my thai' those of longer periOds. They do not, like them, rush
from the invisible and inaccessible depths of space, and, after
~weepil'g our system, depart to distances with the conceptiou of
which the imagiuation itself is confounded. They possess DOlle

of that grandeur which is connected with whatever appears to
breaJr through the lixed ordtlr of the universe.

Whol cDrloul fact Italed r What relult If the Earth were to be enveloped In the comet?
~3. "'hat lDi8chi~r formerly anticipated from Bids'. comeU Its return in If'82 't Huw
lIl'llf a C01ll8ioD In diBtnncc aDd in tIme' It, n~arC8t approach to th~ Earth? To lhf
~un \' Its meH.n disUtnce from him! It. eccentricity and period? 644. Why are t)l(.
('1'lnd" of fillort pt:'riodl lelIlI5 tnterelting than othen? Fur whnt comet lilt reMervcd "
a.....I"'·· JO"fJ'mdlJ fur the proudcfilt triuml1ba of mathematical !icit.Dre? .
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Jt ilreoernd ror tb. co.... t or HaU., alon. to atrord tb. proude.' trlumpb. to 111"".
powen of calculation by which we are enabled to follo"':'l' it in the depths of space,
i,OOO,ll()O,noo or mile" beyond the extreme verge of tr.e aolsr Iystem; and, notwithstand­
tng the diBturhances which render eac:h IllCceeding period of ita return dift'erent from
rh" ISlt, to foretell that return with precision. To 1>-3 nble to pretIict the very d;lY and
:IrCUmltancel of tbe returu of lIuch a bodlle.. and eeceo trio wanderert after the laple
OJr 80 mau"earo, nine•• a p.rr.ctlon or th. aatrunomlcal calo·ulUll that ma, jl1!lU,
..ba.l1en,e OW' admiration.

[145. "The re-Ilppearance of Biela's comet," says Herschel,
" whose retnrn in 1832 was made the subject of elaborate cal­
culations by mathematicians of the first eminence, did not disap­
point the expectations of astronomers. It is hardly possible to
imagine anything more striking than the appearance, after the
lapse of nearly seven years, of such an all but impcrceptible
::Ioud or wisp of vapor, tnu, Iwwl':l7er, to its predided sime alld
place, and obeying laws like those which regulate the planets."

Hersch.l, ..bo... Ob••rvato..,. ..a. at Slough, Itngland, ob••ned the dal\, progre•• or
~bls comet from the 24th or Septem~ I until itl dI8ap~arance,compared its aotual posi­
Lion from day to day, with its calculo.Ud position, and found them to agree within four
or five lDinuw. of time tn right ascension, and within a few lIt!contl8 of d~cJiD&tion.

Its pOllttoD, then,.1 represented on" planisphere wnich the author prepared for his
pupils, and afterwards pUblil!lhed, wa. true to within & les. space than one-third of its
projected diameter. Like BOme others that have been observed, this comet has no lumi­
noul train by whicb it can be easily recognized by the naked eye, except when It Is very
near the Suo. Tbil J. the reason why it wac not more lfeneraUy observed at ita late
return.

Although thll cOlQet t. uuany denominll.ted U Biela'. comet," yet it Seems that
M. Gambart, director of the Observatory at Marseilles, is equally entitled to the honor of
1<lentifying It ..ith the comet or 1772, and or 1S01l. H. di.cov.red it only 10 day. after
Biela, and Immediately set about calculating its elements from his own observations, which
are thought to equal, if they do not IW'p&II, in point of accuracy, those of every other
utronomer.

546. Up to the beginning of the 11th century, no correct
notions had been entertained in respect to the paths of comets.
Kepler's first conjecture was that they moved in straight line~ ;
but as that did not agree with observation, he uext concluded
that they wer~ parabolic curves, having the Sun near the vertex,
and runuing indefinitely into the regions of space at hoth extre­
mities. There was nothing in the observations of the earlier
astronomers to fix their identity, or to Icau him to suspect that
anyone of them had ever been seen before j much less that. they
formed a part of the solar system, revolving about the Sun in
elliptical orbits that returned into themselves.

547. This grand discovery was reserved for one of the most
industrious and sagacious astronomers that ever lived-this was
Dr. Halley, the cot·emporary and friend of Newton. When the
comet of 1682 made its appearance, he set himself about observ­
ing it with great Cllre, and found there was a wonderful. re~em·

~, Remarks OD the re-appearance of Biela's comet" What remarkab\· ca.lculatlon
referred. ~? rorm of thla comet? h it really Biela'. comet? Me. Former know..
tC1tr:'·.' the orbita of con.et.' 6011. 'Vhal • __." 4J.ISCovery, and by whom' Procc...
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blance between it and three other comets that he found recorded,
the comets of 1456, of 1531, and 1607. The times of their
appearance had been nearly at equal and re~ulllr int.ervals ; their
perihelion distances were nearly the same; and he finally proved
them to be one and the same comet, performing its circuit around
~he Sun in a period varying a little from 76 years. It is, there­
fore, called Halley's comet. (:Map IX., Fig. 78.)

The orbit of Halley's comet extends outw'\rd about 120,000,00('
of ~liles beyond the orbit of Neptune, 88 represented in the fol
IcwlIIg cut: .

OUf'! 0 .. JU1LJrT's OOKft.

1'Ms I. lhe same comet that nlled the e""tern world with 80 much consternation In 14llC,
lit !ltatetl on pare 258. and became an object 01 luch abhorrence to the Ohurch of Rome..

The periodic times of the three comets just described. are as
follow:

Rncke's, 1212 days.
Biela's, 2461 days.
'Halley's, 28,000 days.

Ha11e,'. comet, true to Ita prfOdlcted time and place, I. now (OcL 18M) ..Islble In th.
eve-nlng Ik:r. But we behold Done of thOPle phenomena whtch threw our an("~.t(JrI of the
middle "getI Into agonle. of luper.t'tious terror. We dee DOt the omnettl horrt'1Jd~

maqnitud·lRU. ,\I It appeared In 18Oll, nor that tail of enormou. length Which. In 14M,
extended over two-thirds of the Interval bcttwten the hanson and th~ senlth, nor eYen a
olar as brilliant a. WA. the same comet In 168ll.....Ith Its tall of SO'.

Tta mean dl.tance from the Sun Is 1.718,700.000 mil.. ; the eecenlrlcfl1 of Its orbit fs
1.6ll8.000.OI'O miles; consequently II Is 8,318,000,000 mil.. farther from the I'un In Its
aphelion than It I. In Its perihelion. In the IRller case Its distance from the sun I, onl1
llIS,700,000 miles; but In the former It 1,8,871,700,000 mile•. Theretore. though Its ophe­
lion distance bE!' Ir~at, Its mean distance ts les,. than that of UranulI; And greRt &s Is the
aphelion distance. It Is but a ...r1 ,mall fraction les, lhan o-M-ji". tlwWlandUl part .,f
that distance from the Sun, beyond ..,hlch the yery neareet of the fixed stan must he
.ltua~d; and, al the de~tnnlnationof thdr <Hatance i8 negative and Dot positive, the
DI~~8t of them may be at twice or ten times that distance.

of the dlsco..ery' Aphelion dl.bIDce of Halle1'. comet? What former ..Islt 10 our '1'>'
tern referred to' Period, of the Ihree comet. Jusl described' Appearance of HAiley'.
comet In 1~' Ita mean distance from the Sun' How compare with that of Uranll£
liow do.-. bls ereatoot dletance compare with that of lb. 'Ixed Stan'

Coogle
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54:S. Th" orbit of Encke's OHm ar ""InAL """Yn!.
comet is wholly within the orbit /~_--'-'.lS. .
of Jupiter, while that of Biela's 'II~1f , ..... ",
exteuds but a short distance' r

beyond it. The aphclion dis-./ ..t"l~~rs~~
tancc of Halley's comet is ! 8Alm'S7~ ~...,. - ":!r

~5~~g~O~goooooof o~ile~il~~yo~~ -r·_ ··..··..·R~\}~> / •
the orbit of Neptune. Aud t :.....,{....-..... ".
even this is, in reality, a comet \ \ "'',i \

~a~~o~~!te:~:;m~a~~ ~~: '" 4)<~~<:r. /.\
~~·9. Theoometof1819 wasre- /"<,......~~~j-Q•..•.• ,'

markable for its- straight wedge- ".-
shllped appearance-not altogether unlike a shuttle-oock. It
exhibited none of that curvature in its form which is an almo~:

~niversal characteristic of cometary bodies. Map IX., :l<'ig. 19.
550. The comet of 1843 was one of the most magnificent of

modern times (See.Map IX., Fig. 80). It was more than 60 0

in length. In the Southern Hemisphere it was so brilliant as
to throw a very strong light upon the Earth. As its distance
from the Sun varied, its color varied, from pale orange to "rosc
red," and then to white. "It passed its perihelion on the 21th
of February, at which time it almost grazed the surface of the
Sun, approaching nearer to that luminary than any comet
hitherto observed. Its motions at this time were astonishingl.v
'1wift, and its brilliancy snch as to induce the belief that it was at
a white heat through its whole extent. Its period is SllPPOSOO

to be 211 years i consequently this must be its eighth return
since 1668 ; and it will visit our sphere again in 1865."

At the Ume of the appearaoc:e of this comet, Be... Mr. Miller aDd othe.. were eameetl7
waroiot\' the people of the UDlted State.. that the world .... to be bW'Ded up oa the lIS..
of Ap"11 followins; and the appearanoe cf th. comet w.. relarded by mlUlJ' ...... lDdiea­
lion that the end of aU thinp ..al at hand.

551. The number of comets which have been observed since
the Christian era, amounts to 650. Scarcely a year has passed
without the observation of one or two. And since multitudes
of them must escape observat.ion, by reason of their traversing
that part of the heavens which is above the horizon in the day

M~. ""ere are the orbits or Encke'. and Biela's comets situated' What laid or H&I·
,",,'. romel? M9. Comet of 1819? MO. That of 1S48? Ito lenglh' Drfllumeyl
""'Ia\ 'l'ariation tn Its color! Its p~riheli()npa8ssJe T Heat'P Its period' :Next appear.
""""r lncident of ito laslappearance? lllll. Nwober of cometo' Whl ... re" _Dr
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time, their whole number is probably many thousands. Comets
so circumstanced, can only become visible by the rare coinci·
dence of a toto.! eclipse of the Sun-a coincidence which hap­
pened, as related by Seneca, 60 years before Christ, wten a
large comet was actually observed very near the Sun.

But M. Arago re.BonllD the follow1ng maoner, with respect to the number or comets:­
rhe numb~r or &Kertalned comets, which, at their leaat diltancel, pay within the orbit
of Mercury, 18 thirty. AI,umlng that the comell are uniformly di'lrlbuted throughout
the Bolar system, there will be 117,649 time. al many comets included within the orbit of
Uranul, &8 there afe ..tthln the orbit. of Mercury. But aa there ue 80 within the orbit
of Mercury, there mUlt be 8,l12l1,410 within the orbit of Uranu,1

. 552. Of 97 comets whose elements have been calculated by
astronomers, 24 passed between the Sun and the orbit of Mer­
cury: 33 between the orbits of Mercury aud Venus; 21 between
the orbits of Venus and the Earth; 15 between the orbits of
Ceres and Jupiter. 49 of these comets move from east to west,
and 49 in the opposite direction. The total number of distinct
comets, whose paths during the visible part of their course had
been ascertained, np to. the year 1855, was about one hundred
and fifty.

553. What regions these bodies visit, when 'they pass beyond
the limits of our view; upon what errands they come, when
they again revisit the central parts of our system; what is the
difference between their physil~al constitution and that of the
Sun and planets; and what important ends they are destined
to accomplish in the economy of the Universe, are inquiries
which naturally arise in the mind, but which surpass the limited
powers of the human understanding at present to determine.

554. Such is the celestial system with which our Earth wa~

a!\soeiated at its creation, distinct from the rest of the starry
hosts. Whatever may be the comparative antiquity of our
globe, and the myriads of radiant bodies which nightly gem the
immense vault above us, it is most reasonable to~onclude, that
the Sun, Earth, and planets differ little in the date of their
origin~ This, fact, at least, seems to be philosophically certain,
that all the bodies which compose our solar system must have
been placed at one and the same time in that arrangement, and
in those positions in which we now behold them; beclluse all
maintain their present stations, and motions, and distances, b1J
th£ir mutual action 01~ each, other. Neither could it be where it

Phenomenon 60 years before Christ r M. Arago's reasoning and conclusion? M2.
Pcrihtdtoll ul!.tancelJ of various comets? Directio1l8 In IODlititude? Number whose path.
h!lve been ascertained' 008. What Inquiries awakened by the vh:titl1 of corn.. taJ']
botHes! 004. Remark! respecting the date of the Bola,,: system' What supposed tUo;:))
that the whole lIystem was created at. once'
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is, nor move as it does, nor appear as we see it, unless tbey
were all co-existent. The presence of each is essential to the
system-the Sun to them, they to the Sun, and all to each
other. This fact is a strong indication that their formation WlW

simultaneous.

•
CHAPTER X.

OF THE FORCES BY WHICH THE PLANETS ARE
RETAINED IN THEIR ORBITS.

555. HAVING described the real and apparent mQtions of thtl
bollies which compose the solar system, it may be interesting
next to show, that these motions, however varied or complex
they may seem, all result from one simple principle, or law,
na.mely, the

LAW OF UNIVERSAL GRAVITATION.

By gravitation is meant, that universal law of attraction, by
wl:ich every particle of matter in the system has a tendency to
every other particle. This attraction, or tendency of bodies

'towards each other, is iu proportion to the quantity of matter
they contain. The Earth, being immensely large in comparison

. with all other substances in its vicinity, destroys the effect of
this attraction between smaller bodies,:py bringing them all to
itself.

It Is .ald, that Sir laIC Newto:>, when he wa. draWing to a clo.e the demon.tratlon 01
the great truth, that gravity i. the cae.. whlch keep. the heavenly bodle. In their orbit&,
W88 10 much agitated with the magnitude and Import.ance of the dillcovery he WQ,S about
to make, that be wa. unable to proceed, and de.Ired a friend to lInl.h wbat the InteD8l~

of biB feelingo did not .&llow him to do.

556. The attraction of gravitation is reciprocal. All bodies
not only attract other bodies, but are themselves attracted, and
both aceording to their respective quantities of matter. The
Sun, the largest body in our system, attracts the Earth and all
the other pianets, while they in turn attract the Sun. The

liM. Subject of thl. chapter? WhlLt I. meant b1 gravitation' Upon what <I.... the
R.mount of this attraction depend 1 Influence or the Earth? Anecdote of Newton'
r..'\6. 10 attraction reciprocal' What lllUlltration cited' Way. In whieb aUral'\lol>
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Earth, also, attracts the Moon, and she in turn attracts the
Earth. A ball, thrown npwards from the Earth, is brou~ht

again to its surface; the Earth's attraction not only counter
balancing that of the ball, but also producing a motion of the
ball towards itself.

Thl. dt.pooltlon, or tenden.". "'warda tbe Eartb, I. manifested In wbateTer fall., wbelbe:
Ii be a pebL~e from the hand, an apple from a tree, or an avalanche trom a mountaiu.
All terre8tial }:!oodles, not excepting the waters of the ocean, gravitate towards the center
orthe Earth, ami II i. by the .ame power thaI anlm.alJl on all pam of the globe .tand
a1th Ihelr feel pointing lu Ita center.

557. The power of terrestial gravitation is greatest at the
Earth's surface, whence it decreases both upwards and down­
wards; but not both ways in the same proportion. It decrease3
npwards as tire square of tire distance from the Earth's center
increases; so that at a distance from the center equal to twice
the semi-diameter of the Earth, the gravitating force would be
only one-fourth of what it is at the surface. Bnt below the sur­
face, it decreases in the dired ratio of the distance from the
center; ·so that at a distance' of half a semi-diameter from the
center, the gravitating force is but half of what it is at the
sarface.

W'oigM and OraflitJJ, In Ihl. case, are .:monymou. term.. We .ay a piece ,f lead
",elgb. a pound, or 16 ounces; but If by a.ny lneana it could be raised 4000 mil~ abov..!
the Burfb.Ce of the Ea';h, "hleb il about the distance of the surface from the center, and
consequenU,. equal to two lem1..diameters or the Earth above its center, It would weigh
only one·fourth or a pound, or four ounces; and if the lame weight could be rabed to an
elevatioD of 12,000 mUes above tbe lurface, or rour lemi-.dlameterl above the center or
rhe Earth.. it would there wel,h only one·aixteenth of a pound, or one ounce.

558. The same body, at the center of the Earth, being equally
attracted in e'fery direction, would be without weight; at 1000
miles from the center it would weig~,olle-fourth of a pound: at
2000 miles, one-half of a pound; at 300'.: miles, three·fourths of
a pound; and at 4000 miles, or at the surface, one pound.

It is a universal law of attraction, that its power decreases as
t~ square of tAt distance increases. The converse of this is also
trne, viz. : TAt power increases as tAt square of tAt distance
dtcrtllMS. Giving to this law the form of a practical rule, it will
stand thus:

'l'lre grawy of bodies ab01.1t tAt &urface of tAt Earth decrease.
in a duplicate ratio (or as tire squares of tMir distances), in sen/i­
dia1Mters of tAt Earth, from tAt Earth's center. That is, when

",antftalllltBelf? Mr. Where Iii Ihe power of lerre.trial gr&Tllalion greatesl' Ho...
::IlmlDlsherl' In what ratio &1 we ascend above the Earth? As we descend toward itr
Jenler' Are welghl and gravlly Ibe .ame' MS. What would be the ...eight of a bod!
3t &be Earth'. center' Al tOO mile. from the cenler' At 2000 Ollie.' Al ~O, Wha:
IInh·.na1 , ... , What rule baaed upon thi. la.. ' Wltalllluuration. rina' Whal rulo

II
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the gravity is ifleJ"lMing, multiply the weight by tnt' square ai
the distance; bnt when the gravity is dtaeasing, dinde tbo
weight by the sqnare of the distance.

Sup"",e a bod:r "elgh. 40 pound. at 2000 mile. above the Earth'••urface, ...hat ...ould
it lI'eiKh at the Burlaee, t"lJtlmKtlnr the KR.rth'. aeml·diameter at 4000 milu. From Uk)
.enter to the gl".n height, f. 1~ .eml-dlameters; the .quare of l~, or l.~ Is 11.2:1, whlob,
multiplied luto the ...elght (40), give. 90 pounds, the an....er.

S"ppo.. a body "hlch ...elgh. 2M pound. upon the surface of tbe Eartb, be raised to
the cll,tance of the Moon (240,000 miles), "hat would be II. weight' Thu" 4OOO)~,O(l(l(1IO

semi·rli"meters, the &quare of which is 8600. AI the grlvit, in thil case is decrea!lilll.
dfmitf. the weight b:r tho .quare of the distance, and It"ill give 8600)2ll6(1-16tb of a
pOl1nd, or 1 ounce.

To lind to "bat height a riveD ...elght mu.t be railed to loso a certain portion of i ..
"eight.

RULS.-DMoid<! 1M tl'ftglll aI 1M~ 1>V 1M ,.oqvI,.«t UJdglll, and _met "'.
~.r. root qfIM~. Ex. A be:r "elghs 100 pounds, ho... high most he be carried
to "elgh but 4 pound.' Tllna.l00 dlvldod b:r 4, rive. 2:1, tho aquare root of "bich ...
IIem.l-diametera, or 9O.IJQO mile. above \be center.

559. Bodies of equal magnitude do not always contain equal
quantities of matter; a ball of cork, of equal bulk with oue of
~earl, contains less matter, because it is more porous. The Sun,
though fourtet:n !tviT/,tbr:d thousand time!l larger than the Earth,
hein~ much less dense, contains a quantity of matter only
355,000 as grellt, and hence can exert an attractIve force only
355,000 times greater than that which the Earth is capable of
exerting.

rhe quantlt:r of matter in the Sun I. 180 times gT.3ler than that of Illl the planet. and
':lonldliteB belonging to the Solar System; cOI1.sequclltly, their whole united force ot &tlrac­
1,lUD il 180 Umu leu apon Ule Suo. than that of the SUD. UPOIt Uu:w.

CDT" OJ' QB.l1'1'l'1'.

560. 'rhe Center of GraNy of 8 body, ill that point in which
its whole weight is concentrated, and upon which it would rest,
if freely suspended. If two weights, one of ten pouuds, the
other of one pound, he conuected together by a rod eleveu feet
long, nicely poised on a center, and then he thrown iuto a free
rotary motion, the heaviest will move in a circle with a radius of
one foot, and the lightest will describe a circle with a radius of
ten feet; the center around which they move is their <.'ommon
center of gravity. (See the Figure.)

t" lind "bat height a given ....ight must be ralBed to lo.e ...ertaln portion of lIB
weight! 1l6lI. Du bodl•• a'.tract In pro!'ortlon to their bulk' Wh:r not! Wbat W...•
lrfU'oD8r "ua.n'U'J of mats.er in the tiun' 660. What. 1. Iuct\ul bJ the ceo&er ,r
~r"vl;'y' D1u.,ration! Ho" wllll UItI lIun nDd plan."! 110" would it 1M U t1111ft ......
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Thus the Sun and planets move around in an imaginary point
,.s a center, always preserving an equilibrium.

tr there ..ere but one bod, In the uulverse, provided it ..ere of uniform <Ienalt,. thl
-:euler of it would bt: the centu of gravity towards which aU the 8urroundw. portion.
would wdfoTWly r.eud, aod they would thereby balaDce ~ach other. 1'hu8 lhe center or
lira.vit,J t Hond the body itadf, would for ever rema.in a.t relit. It woul~eitbermove up nor
dowD; there being no other body to dra.w it in any direction. ]n thie ca8e, the terml vP
ll'1d dmDrI would have no meaning, e~ceptal applied to the body itself. to espreM U••
direction of the surface from lobe center.

561. Were the Earth the only body revolving about the Sun,
as the Sun's quantity of matter is 355,000 times as great as
that of the Earth, the Sun would revolve in a circle equal onI:
to the thr/!t hurulred arul fifty-five tlwusarulth part of the Earth's
distance from it j but as the planets in their several orbits vary
their positions, the center of gravity is not always at the same
distance from the Sun.

The quantity of matter in the Sun so far exceeds that of all
the planets toge";~er, tha~ were they all On one side of him, he
would ne,er be more than his own diameter from the common
center of gravity j the Sun is, therefore, justly considered as thl\
center of the systilm. . .

562. The quantity of matter in the Ea.rth being about 80
times as great as that of the Moon, their common center of
gravity is 80 times nearer the former than the latter, which is
about 3000 miles from the Earth's center. 'i'he secondary planets
are governed by the same laws as their primaries, and both
together mOH' around a common center of gravity. Enry sys­
tem in the universe is supposed to revolve in like manner, around
0'7Ie CO'm71W'11. unttT.

AT1'RAC""IVE AND PROJECTILE FORe ES.

563. All simple motion is naturally rec~ilinear j that is, all
bodies put in motion would continue to go forward in straight
Jines, as i:mg as they met with no resistance 01' diverting force.
On the other hand, the Sun, from his immense size, would, hy
the power of attra.ction, draw all the planets to him, if hill
attractive force were not counterbalanced by the primitive iru­
('ullle of the planetary bodies to move in straight lines.

564. 'Ihe attractive power of a body drawing another body

but one bocI1ln tbe unl......e1 MI. Suppo.e the Barlb ..aalhe oul, bod, reTolvlng
....ound the Suu 1 10 tbe cenler of gravlt, ah.a,. al the .ame dislance from tbe Sun 1
Wh, not' Do.. would It be If aU the planetllll'ere on one .Ide of him 1 6GlI. Wbat ia
the amount of malter In the Earth a. compared witb Ihe Moon 1 How wllh ,.bo .econd­
ar, p\aneta 1 With otber .,.tem. in the onlveroe 1 668. What i. Ihe cbancler of &II
,'nlpl. motIon' What llIu....&l\~ linn 1 Ii' Whal to tho attractlYe pow.. ClIIle41

\
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towArds the center, is denominated Cemripdal fora; and the ten­
dency of a revolving body to fiy from the center in II. tangent
lilJe, is called the Proj«tile or Ce1llrifugal far.:A:. TLe joint
action of these two central forcu gives the ·planets a circulur
motion, and retains them in their orbits as they revolve, the pri­
maries about the Suu, and the secondaries about their primaries.

565. The degrtl. of the Sun's attractive power at each par­
t.icular planet, whatever be its distance, is nniformly eqllal to
the centrifugal force of the planet. The nearer any plane~ is t~

the Sun, the more strongly is_it attracted by him j the farther
any planet is from the Sun, the less is it attracted by him;
therefore, those planets which are the nearer to the Sun, must
move the faster in their orbits, in order thereby to acquire cen­
trifugal forces equal to the power of the Sl1n's attraction j and
those which are the farther from the Sun, must move the sluwer,
in order tL.at they may not have too great a degree of centri·
fugal force, for the weaker attraction of the Sun at those
di~tances.

LAWS OJ' PLANETARY MOTION.

566 Three very important laws, governing the movements of
the planets, were discovered by Kepler, a German astronoU'llr,
in 1609 In honor of their discoverer, they arc called Kepler':;
Laws. Kepler was a disciple of Tydw BraM, a noted &Strono
mer of Denmark, and was eqnally celebrated
with his renowned tutor. His residence and
observatory were at Wirtemburgh, in Ger-
many. .

The first of these laws is, that tM arbits of
ILll tke planets are e1lipli£al, ltalrillg eM Swn in
t!Ul rommon focus.

The JlOInt In .. "I&net'. orbit neare.t tbe Bon I. called tbe
".,riMUon point, ..nd the point mlJllt remote the ap1l.NUm point.
-P~ioft,il from pm, about or near, and heiiol, the Sun; and
ap/l<JUoft, from 01'0, from, and~, the Sun.

P&BIIIKLIOK.

hom thlo lint I..w of Kepler, It remit. th..t the planets mOTe with dllrerent nlocltie.,
in diJferf'!nt partd of their orbits. From the aphelion to the perihelion points, the
centripetal force combit"es with the centrifugal t.o accelerate the planet'. mOll~~ i
"'bile from peribehon to aphelion pointe, Lhe centripetal acto aqaimt tbe centrifUJll"
force, and ,.etaNh it.

Tbe tendency to depart from the center' Wh..t doe. lbe joint action of theoe t..o roreeo
produce? ~. What relation between t.he Bun', attraction anel the ceLtrifUgal forel
of the planets' Wbat clrcet ha. the d48ta..~ of .. pl..net from the Suo, upon biB ..ltr",,­
Uve force' How II this increased $endency counterbalanced' 666. "Phat~porlaDJ
IlIwlt-wben ....d hy whom di.covered' SLate tbe lIr.t' Wbat are the ''Il104Uo1. oUIJ
"jl<IIr"IlWIIon poinbl' Ilenvalion' What r.,.IlI. from tblo lI...t I..... '
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Prom A to B In the diagram, the centrlfngal forot!,
repr-..&ed II, the line C, acta fDitA the lendenc, to
.evolve. ADd the pI.net's molion 19 ~aw.j but
from B to A. the lame force, ahoWD by the lin~ D, acta
aguifut the lendenc, to advance, lUld the planllt II
rtta,.dtJd. lienee It comes to aphelion ..ith Ita leut
l"eJoC'ity. and to perihelion with its greatest.

In the statement of velodtiea on page 45,~ tnaIf&.
or ,_rago velocit, Is elven.

561. Thesuond law is, that theradiu.r
redor (If a planet desaiba equal area, in
ytual tifIW. The radius is an imaginary
line joining the center of the Snn and
the center of the planet, in any part of
its orbit. Vedor is from tvlw, to carry;
hence the radiUl vtdor is a radius carried
round. By the statement that it dacnbU equal area, in l-quol
tima, i.q meant that it sweeps over the same surface in an hour,
whens planet is near the SUll, and moves swiftly, as, when
furthest from the Sun, it moves most slowly.

The nea....... planet Is to tbe Sun, the more rapid III
motion. It foUo.... therefore, that If the orbit of •
planet Is an elllpoe, wllh the Sun In one 0' the 'ocl, Ito
~ale of motion ..Ill he unequal In dlkent partl 0' Ito
orblt---lwiftellt at perihellon, and l10weaC at aphe1iou.
From perihelion to aphelion the eentripetal more di­
rectly counteracts the centriCugal force, and the planet
is rdarded. On the other hand, 'rom the aphelion to
U,e perihelion point, the cent.ripetal and centrlrugal
Corces are united, or act la a s1mUar direction. The1
coDsequentl, huten the planet onward, and its rate of
motion is constantly a~raUd. Now suppose, when
the planet. is ...t a certain poln t neal' Itl! perihelion, we
draw a Hue from its -center to the center of the Sun.
This line Is t.he ,.a4iruJ fJector. At the end. ~f one day,
for Instance, after the planet has &«ITaDced l."ODsldeTa.­
bly 10 Its orbit, we draw another line In the lame man­
ner to the Sua'. center, anu estimate the area. between
the two lines. At another time, when the planet is near
ltI apheUon, we note the spaee over which the radius vector waftts in one da,r, and est[­
mate Ita area. 00 comparison, il ..Ili he round, that nolwitholanding the uneqoal
~tlo<.-"Ur1 or lhe planet, and consequentl, of the radios Tector, at the t ..o ends or lhe
t:lIlpse, the aNa over which the radius vector has traveled II the lame In both cales.
The "arne principle obtains in every part of the planetary or1.Jltl, wbateyer may be their
ellipttclt, or the mean distance of the plaoet from the Son; heoce lhe rule that tIu
r',di... ~octord_rlba Bqll<ll arll<U'" 8fl1'<l1 tm.... h lh~ precedlni!' cot, the t..elve
triangle., Dlimbered 1, 2, 8, lc., over each of which th't radIus vector sweeps in· equal
Umea, are equaL

568. The third law of Kepler is, that the squaru of the periodic
tima of any two planets are proportiomd to tlu ClJ,bes of their mean
ii.~tancu from tke S1I1I1.

'Take, for example, the Earth and Mars, ..ho.e perIods are 86:l'2llG4 aod tlS6'9TUe da,.s,
and wbo.~ dlllAoces 'rom the Sun are In the proportion 0' 1 to 1'~28&I, and It ..mbe
fonnd lhal (860.2llG4)': (686.9196)': : (1)1: (1.6286U)3.

/WI;. Slate the .-d la.. 0' Kepler' Explain It,
ii_crot'ioll ~

lH:. N

l5G8. Tbe 444,." '... , w"at
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According to these la"., which are known to prevail throughout the lolar l!I)"t!'tc:u.
mau, of the facts of astronomy aTq deduced from other facts previously ascertainoo.
They are, therefore, of great importanclj, and illiould be studied till they are, at le:u:"
theJroughJy understood, if not cowmitted to memory.

569. From the foregoing principles, it follows, that the furce
of gravity, and the centrifugal force, are mutual opP()~ing powers
-each continually acting agaiust the other. Thus, the weight
of bodies on the Earth's equator, is diminislred by the centrifugal
force of her diurnal rotation, in the proportion of one pound for
every 290 pounds: that is, had the Earth no motion on her
axis, all bodies on the equator would weigh one two Imndred and
eighty-ninlh part more than they now do.

On the contrar,., trher diurnal moUon were accelerated, the eentrltural force would be
proporti('lDal1y increased, and the weight of bodlea at the equator would he tn the same
ratio diminished. Should the Earth revolve upon its axis with a vdocity which would
make the day but 84 minutes long, inltead of 24 hOUrs, the centrifugal force would coun­
terbalance that of gravity, and all bodies at the equator would then be absolutely desti­
tute of weight; and If the centrifugal force were further augmented (the Earth rt:volvlng
in less than 84 minutes), gravitation would be complete!l overpowered, and all fluids
And loose Bubstances near the equator would ftl off from the surface.

570. The weight of bodies, either upon the Earth, or ou any
other planet having a motion around its axis, ckpends jointly
upon the mass of the planet, and its diurnal velocity. A body
weighing oue pound upon the equator of the Earth, would
weigh, if removed to the equator of the Sun,. 27.9 Ibs.; of Mer·
cury, 1.03Ibs.; of Venus, 0.98 Ibs.; of the Moon, 1·6th of a-lb. i
of Mars, t lb. ; of Jupiter, 2.716 lbs.; of Saturn, 1.01 Ibs

CHAPTER XI.

PROPER MOTION OF THE. SUN IN SPACE.

511. THoT'GH we are accustomed to speak of the Sun as tho
fixed center -.If the Solar System, the idea of his fixedness is cor­
rect only so far as his relation to the bodies revolving around
him are concerned. As the planets accompanied by their satel­
lites revolve around the Sun, so he is found to be moving witb
all his retinue of worlds, in a vast orbit, around some distant and
unkuown center.

669. What relults from these principles, as respects tI1e weight of bodies au LIle Eartb'a
5urfaoe" How increased or diminished' What illustrations given' 670. UJX'n
,,1Ia.. ~,does lbe weight or bodle. upon ths pllU1ets rtepend' What Illustration. r
67'&. IJI the Sun A tllred body? What motion in space?, Who ftnt &11\ nneed thi,. i.\.. '"
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This opinion Wilt! first advanccrt, we think, by Sir William Herschel i but the; honor or
BCtuaU, dderllliuing this int~rt"~ting fact, belollis to ~truve, who ascertained r."d onl1
..he direcUoA of th~ SUD and Solar ~)".telD, but also their fJtuJ(,'illl_ The point or tend­
ency is towards the con:.tellH.tion Hercules, Right Ascension :rog-, Declination 86-. "l'he
lJtY,(JCity of the Sun, &eo, in space, is estimated at about 20,000 mnea per hour I or heal"1y
" mile.s per second;

572. With this wonderful fact in view, we may no longer con­
sider the Sun all ilx"d and stationary, but rathel' as a vast and
luminous planet, sustaining the same relation to sOUle ct:ntral
orb, that the primary planets sustaiu to him, or that the second­
ariell sustain to their primaries. Nor is it necessary that the
stupendous mechanism of nature should be restlicted even to
these sublime proportions. The Sun's central body may all\o
have its orbit, and its center of attraction and motuJn, and so on,
till, as Dr. Dick observes, we come to the great c"1J.~-er ~f all-to
the THRONE OF GOD.

THE CENTRAL SUN.

573. In 1847, an article appeared in several European jour­
nals, announcing the probable discovery hy Professor Madler,
of Dorpat, of the Sun's antral orb; the indi'lliltioo oj IUs orbit
to tke plam of the ecli.ptic; and his periodic time!

By an extensive and laborious comparison of the quantities
and directions of the proper motions of the stars in variollll parts
of the heavens, combined with indications afforded by the paral­
laxes hitherto determined, and with the theory of universal gra­
vitation, Professor Miidler arrived at the conclusion that the
Pleiades form the central group of our whole astral or sidereal
system, including the Milky Way and all the brighter stars, but
exclusive of the more distant nebulre, and of the stars of which
those nebulre may be composed. And within this central grOUT'
itself he has been led to fix on the star A lcyone, as occupying
exactly or nearly the position of the center of gravity, and as
entitled to be called the central Sun.

A.samlng Be••el'. parallax of the .tar 61 CTgnl, long .Ince remarkable for Itllarger
proper motion, to be correctly determined, Midler proceeds to form a ftrst approximate
t:l'ltimu.te of the dista.nce of this central body from the planetary or 80lar 81'stem; and
url'ive8 at the provisional conclusion, tha.t Alcyone i. about 84,000,000 tlmel:! &II far removed
froUl U8, or from our own SUD, as the latter lumina..,. Is from us. It would, therefore
according to this estimation, be at least a million Umes all d18tant a9 the Dew planet, of
which the theoretical or deductive discovery has been 80 grea.t and beautiful a trlumpl
of modern astronomy, and 80 Ilrfk.iD@' a confirmation or the law of Newton. The lamf.
BlJproximate d~h~rrnillation of di!t.ance conducts to the result, tha.t the light or c.he cen
tral Bun (X..'Cupies more than five centul"iu in travelllnl thence to us.

Direction and velocity of the Sun and Solar Sy!tem? 672. How, then, should w(

regard the Sun? What further speculation? Dr. Dick's observation? 618. What
rreHot discovery in l&U, and by whom? By what process? What conclusIon fil"st
re"Ched' What star afterward designated! Further description of the pl'ogresil of the
:lJ8COvery' What,conclullioJl re'Spccting the panqe oflillht from the ~entraJ Sun to Ufl'
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Anc 01' '1'8'& t1u,.'s 0BDl'J
574. The enannons orbit

which our own Sun, with the
Eu.rth, and the other planets,
is thus inferred to be describ-

.ing about that distant cen­
ter-not, indeed, nnder its
influence alonc, but by the
combined attractions of all
the stars which are nearcr to
it than we are, and which are
e!ltilUl\ted to amount to more
than 111,000,000 of masses,
each equll.l to the total mass
Ojf onr own Solar System­
is supposed to require upwards
of eiglUfJtIl millio-v of yM-rf for
its comulete description, at the rate of about eight geographical
miles in' every t;ecoud of time. At this rate, the arc of its orbit,
over wlJich the Snn has traveled since the creation of the world,
amounts to only about 1"1?nth part of his orbit, or abont 1
minntes-an arc 80 small, compared with the whole, as to be
hardly dilitinguishable from a straight line.

The plan~ of thl. Tall orbtl or the Sun I. Judged to haTe an Inclination of about Il4
"egre.. to the ecllpdc, or to the pl"ne or the annual orbit of lbe Barth; and lbe longitude
of the a..ondlnl node of the former orbl t on lbe latter Is ooncludod to be near!..~
decree••

CHAPTER XII.

PRECESSION OF THE EQlliNOXES--OHLlQlliTY OF THE
ECLIPTIC.

515. OJ' aa the motions which are going forward in the Solar
System, there is none, which it is important to notice, more
difficnlt to comprehend, or to explain, than what is called the
PRECESSION OF THE EQUINOXES.

The equinoxes, as we have learned, are the two opposite

1114. Supposed period or the Sun'. revolution? What I>ortion ,r nls orblllJOne over
dr.~e the creation of our race P Situation of his orbit with rt..tlp<:ct to tbe eclipUe' Lon­
'ltwle of_dlnlt n",I.1 llfll.~ of tl". ch"pler? What are u.e equinox.,.!

Coogle
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p<'fnts in the Earth's orbit, where it crosses the celestial equator.
The fil'llt is in Aries; the other, in Libra. By the pruusWn of the
equinoxes is meant, that the intersection of the equator with the
eclipti\: is not always in the same point :-in other words, that
the SUll, in its apparent annual course, does not cross the eqlli­
I.octial, Spring lind Autumn, exactly in the some points, but
every yenr a little be.~ind those of the preceding year.

516. This annual falling back of the equinoctial points, is
called by astronomers, with reference to the motion o)f the
heavens, the Preeusiun of tM. Equi1WXU; but it would better
accord with fact as well Il8 the apprebension of the lear"er, to
call it, as it is, the Rtassiun. of the Equinox8I ; for the eq'linoo­
tial points do actually reade upon the ecliptic, at the rate of
about 5Ot" of a degree every year. It is the Dame only and
not the position, of the equinoxes which remains permanent.
lYherever the Sun crosses the equinoctial in the spnflg, 'lire ill
the vernal equinox; and wherever he crosses it in the autumfl,
twe is the autumnal equinox; and these points are constapt1y
moving to the west.

To reDder this ,uliect 'amllt"r,
we wilt 8Uppose two carriage road-,
extel,ding quite around the Earth i
one, rt'presentlng tbe equator, run-
ning due east and wellt; aDd the
oth~r representing the eeliptic, run·
ninl n~rt1 tn the lame direction aa
the former, yet 80 &8 to crou it with
a .m..n ..ngle (...y of 1l8Jj;.), both at
the point where we DOW Btand, for
Instance, and In the Dadtr, eJ:actly
opposite i Id there also be another
road, to reprekDt the prime mert·
dian, rUIU.ling nortb and BOuth, aud
cr". ~.lng th~ fir.t at rlttht anglel, In
the COlUlUon point of InLeraection, as
In the annexed tllfUre.

Lt:t a ca.rriage noW ltart from thlB­
point of Inteneetlon, Dot In the road
leadIng directly east, but alonl that
of the ecliptic, which leaveB the
fomler. a litlle to tbe north, and let
a p~non ,~ placed to wKtch wht:n
tilt: carriage comel around again,
after lIavfrlM' ma.de the circuit of Ule
Earth. KIJd Iiee wllt~tllt~r the carriugo
will crOHS Ule ~uitJoclia.1 road aga.in
preci:'\ely in the 'dIn" track a8 when ft left the goal. Though the person Btood exaetlJ
in the former track, lit:' need not feR.r bdng run over for the carriage will croft. tlu
roau 1tIu rods Wetlt of him, lhat is 100 rodd w~t of the ~eridlan on which he atood. It II'
tll ~ Oblt'I'veu, that lUU rod.i 011 the ettuator i~ equHI to ~J\( secondlJ of a degree.

If tbo carriage still continue to go ,y,round th" Karth, irwill, on comph:tin« Its .eeooJ

Wh..t meant by their prece••lon' 61'6. With reference to ..hat I. It .. pr_8itl<n&Y Ll
it really a prtJeullion of the equinoxel P \Vhure are th~ equlnoxell .pring and full! CaD
.1U!J illustrate by the LWO carriage roads, .te.' 87 the other di&ll'am? Doe. tho tJUlI
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oIn:D1t, ClI'OU the equluoetlal path 200 rodl welt of the meridian whence It Alit let or.'
on the third clreu.it, 800 rod! west; on the fourth circuit, 400 rods, and 10 on, ('ontlnualty.
After 11 'S circuits, the point of intersection would be one degree west of Ita place at c".•4
commencement of tllC route. At this rak it would be easy to determine t.ClW many com..
plete circuits the carriage must pt:rform before this continual falling back of the Inter­
secting point would hlLv~ retreated over every degree of the orbit, until it reached aph
the puint from whence it first departed. 'l'he application of this il1ustratio:1 will be mar.:.i
fest when we consider, further,
that thill intereltlng phenomenon
may be expla.lned in another
wa.y by the &lljoining diagram.
Let thE:: polot A represent the
veroal equinox, reached, for in­
ltance, at 12 o'clock on the 20th
of MKJ".::h. The next year the
BUD will be in the equinoctial 22
minutes S8 secondl earlier, at
which lime the Earth will be
60'4' OD the ecliptic, b""Ji,of the
point at which the Sun Wal In

~~e".:'.~~~~~ t~~e s~:: :;;fo~: c .....-------IEit-------....... A
cur again; lind thull the equi­
noctial point will recede weel­
ward Iitlle by little, III Ihown by
th· Imall lin... from A. to B, and
froUl C to P. It II lu refereDce
to the It"n going forward, or
leemlDg to preoNle the equi.
noxes, that the phenomenon ia
called the Precellioll of the EqDl.
Doxes. But. in reference to the
motion of the equinoxes them­
.elves, It il rather a ,.~.

fi77. The Sun revolves from one equinox to the same equinox
IJ.gain, in 36M. fih. 48' 47" 81. This constitutes the natural, or
tropical. year, because, in this period, one revolution of the ses­
sons is exactly completed. But it is, meanwhile, to be borne in
mind, that the equinox itself, during this period, has not kept
its positiou among the stars, but has deserted its place, and
faUen back a little way to meet the Sun; whereby the Sun has
arrived at the equinox bejou he has arrived at the same position
among the stars from which he departed the year before; and,
covsequently, must perform as mu,c},. mwe than barely a tropical
revolution, to reach that point again. .

To pass over this interval, which cumpleta tM, Sun's sidereal
rtvolutiun, takes (20' 22".94) about 22 minutes and 2~ seconds
longer. By adding 22 minut~~ 'l.nd 23 seconds to the time of a
tropical revolution, we obtain 365d, 6h. 9m. lOIs. for the length
of a sidereal rel1olutiun; or the time in which the Sun revolves
from one fixed star to the same 8tar again.

Though we speak of the revolution of the San, we mean limply hlB apparMlt revolution
bUltward around the heavens, caused wholly by the actual revolution of tbe Earth in her

actually revol,.e r Why, then, speak of hll revolution r 67T. What Ie the length .f •
tr~plcal year r How durereDt from .. Ildereal year r D1II"erence of U_I LeDCI!> of "
.ldereal fear r
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orbit, "" a dllt&nt object would appear 10 sweep around tile borlaoo It we weN walll:lni
or tailing ar'lund It. This n13Y be lllu8tra.ted by the cut, pale ~. where thr pas_ap
of the Earth from A to B would caUlle the SUD to appeal" to move Crom 0 to D i and • ., on
around th~ lfoule circle of the Zodiac.

578. As the Sun describ~s the whole ecliptic, or 360 0
, in u

tropical year, he moves over 59' 81-" of u. degree every day, at a
mean rate, which is equal to 50t" of a degree in 20 minutes awl
23 secouds of time; consequently he will arrive at the same
equino.K or ,lOlstice when he is 50t" of a degree slwrt of tAe Sllllle
star or Iixed point in the heavens, from which he set out the
year before. So that, with respect to the fixed stars, the SUIl
and equinoctial points fall back, as it were, 10 ill 7li years.
This will make the stars appear to MU gam fm'ward 1°, with
respect to the signs in the ecliptic, ill that time; for it must he
observed, that tAe saml signs always keep in tAe same points of tAe
ecliptis, without regard to tAe place of the ClJ'nStdlatiuns. Hence it
becomes necessary to have new plates engraved for celestial
globes alld maps, at least once in 50 years, in order to exhibit
trnly the altered position of the stars. At the present rate of
motion, the reassiGn of the equinoxes, as it should be called, or
~he preasllion Qf the stars, amounts to 30°, or one whole sign, ill
2140 years.

...,...0.- 01' 'l'ID B'l'A.a&.

To esplaln Iblll bT a llguro: Suppose tbe Sun to bave been In eollluDetioD wllb a 111<....
Btar at 8, in the fint deKree of Taurus (the second Bign of the eclipttc). 840 yean before
the birth of our SaViour, or about the leventt>enth year of Alexander the Great; then
having made 2140 revolutions through the e, 1il'tic, he would be found a.gain at the end of
BO many ffidl!rfUl ye.arB a.t S; but at the end of so many f!uUan yl'arlf, ~e would be found
at J, and at the end of BO mRny tropical yl'(J.r8, which would bring it down to the begin·
DIng of the present century, he wouln be found at T, in the first dt'gree of Aries, which

l>T!'\. Daily prO~re8!'1 or the Sun 1 WhRt Is the amount of the annu",) reces"lon of the
equinoxes l' ''\7hat etreet will this ha.ve upon the Rppnrent position" of the stH.rs? Hence'
whr,,\ bt:comes necessary? HoW' long does it require for the equinoxes to recude a wloJO
"'f!' Do you unjlerstand the diagram, and the ret!rcnce to the sld~re8l, Jult<J.n, and
T"}1 leal yeara? Explain the difl'ereDce In thece thre~ k'inds o! Y~R.m.
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bIIII reaeded froom 8 10 T In Ihailime by Ih. pre.eulon of Ih. eqnlnocllal pointe ArIel alld
Libr:L. The ara 8 T would be equal to the alDount of the precession (jbr P"6C6lIIti~ "'1!
mal odU call II) of lbe eqnlno" In 2140 y...... allh. rate of l'>(1" .28:)1'2 of • degree, or 'tel
lDlDa.tea and IS lecondB of time annually, U above l'tated.

579. From the CODstant retrogradation of the eqninocti31
points, and with them of all the signs of the ecliptic, it follows
that tire longitude of lire slars must continnally i'lfcrease. The same
eause atrects also their right asCf'1l.nV1l and dulil/,atum. Hence,
those stars which, in the infancy of astronomy, were in the 6ign
Aries, we now find in 7o/uru,s; and those which were in Ta.ms,
we now find in Gemini, a.nd so on. Hence likewilltl it is, tha.t
the star which rose or set at any particnlar time of the year, il)
the time of Hesiod, Eudoxus, Virgil, Pliny, aDd others, by no
means answers at this time to U.eir descriptions.

Uealod, In hili OpM'a d Diu. lib. IL verle lSll, laYI:
II When from the !IOt8ttce sixty wintry da,..

TheIr lornl have IInt.hed. mark, ..ilh glill'rln, ra:ro,
from Ocean'B lacred Oood, ..\rcturua rise,
Theu IIrsllo gUd lbe dUlky .veulug okie•.n

Jlnl Arcturul ""'" rll" acronlcally In latitude 87' 41)' N. the Iatllude of HellOO, nnll
nearly that of Richmond, In VirginIa. aboull00 dayl after II....Inter solltlce. Suppo..
mg Ueliud to be correct, t.here ill a diCfer~Dce oC 40 day. arilling tram the precession of
t.he equinoxes since t.he day. of Heltod. Now, 8S there is DO record extant of the t."sact
pt'riuu of the world when this poet ilourished, Ie' UI see to what re&u1t uUODom7 wiU
lead UII.

Ao lhe Sun mo.... through about 8lI' 0' 'he ecliptic In 40 dayl, lbe ..Iuter loIlllce, In
the time of Hnlod, waH in the 9th dell"ee of Aquarius.. Now, estimating the preceasioD
of lb. equlno"el at 00"'- In .. year, ... lhall have 60"" : lye.r: : 89: 'll814,.ara .Inee lhe
lime of Heelod: If ..e luhlract from thlBoor prelentera, IB6ll, It ..UI gI... lIliSye.rl before
ChrlBt. Lemprlere, In hiI C1au1ca1 Dictionary. sayl Hesiod liv.d 901' ,.earl before Christ.
See a limU... calcula tIDu for lb. lime of Thale., page 811.

580. The retrograde movement of the equinoxes, and the
annual extent of it, were determined by comparing the longitude
of the same stars, at differeut intervals of time. The most care.
ful and unwearied attention was requisite ill order to determine
the cause aud extent of this motion-s motion so very slow as
scarcely to be perceived in an age, and occupying not less than
25,000 years in a single revolution. It bas not yet completed
O'1Ie quarter of its first arw.it in the heavens since the creation
of Mars.

581. This observation bas not only determined the absoluta
motioD of the equinoctial poiuts, but measured its limit j it has
also shown that this motion, like the causes which produce it, is
not uniform in itself j but that it is constantly sl-ocelerated by Ii

0711. What efl'eet has the recel18ion of the equino:ses upon the longitude of the .wn, and
Ulelr right D8CeDlion and declinatiol.l1 Hence wha.t redu.1ts? Willi I interesting caJcu..
latlon in ref~rence to Heslc.d f MO. How were thhl recession ancJ ita e:xtcnl determined t
What necessary f Time of complete revolution P Arnouut since creation T 681.. If
thiII retrogres,ion uniform' A.mount of acceleraUon ? \\ t.a..t illuatratlon Iiven r
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slow arithmetical increase of 1" of a degree in 4100 yenrs. A
quantity whICh, though totaBy inappreciable for short periods of
Hme, hecomes sensible after a lapse of ages.

For ex~mple: Thp retrogTRdatlon of the equInoctial points is noW' rreaterby nearly Joi­
than it 'Was in the time of lIipJHlr('h1/,lf, the ft"t who obt't"rved thi. mOUon; consequently,
the lU~an tropical year I. 8lwrter now by about Ii liJeconds than It WIU then. ror, sinct!
the rt:ltrogl"ad"Uon of the equinoxes is now every !PRr Ir~ate'r than It was then, the SUII

ha!l, each year1 a apace of nearly ~. k", to /Hili. tA1"01I{/h in the ecliptic, tn order to react
the ph.ne of the equalor. NoW' the Sun is 12 lecondl of hiM In pa...... over l!i' of lpa""

582. At present, the equinoctial points move backtNlrds, or
fro'TI& (,(Lst tOlDut along the path of the ecliptic at the rate of 10

in Hi years, or one whole sign in 2140 years, Continuing at
this rate, they will fall back through the whole of the 12 signs
of the ecliptic in 25,680 years, and thus return to the saIM poii­
tilJ1/, a11l.O'TliJ the stars, as in the beginning.

But in determining the period of a complete revolution of the
eqninoctial points, it most be borne in mind that the motion itself
is continuaLLy i71creasi'ng; so that the last quarter of the revolu­
tion is accomplished several hundred years sooner than the first
quarter. Making due allowance for this accelerated progress,
the revolution of the equinoxes is completed in 25,000 years;
or, more exactly, in 5l4,992 years.

Were the motion of &h. equInoctial polutll uniform; that II, did the:r pa88 throngh
equal portions of the ecliptic tn equal time!, th~y would accomplish their ftnt quarter, or
pUI through thp. jtrttllhru dq... of the ecliptic, In 82:lO :rears. But the:r are 6016 :rears
In pasllng through the tlrot quarter; about 21S yearl kiM in palling through the .econd
quarur i 218 leu in pal!l8ing through the lhfrd, and 80 on.

583. The immediate consequence of the precession of the equi­
noxes, as we have already observed, is & ClJ1ItinuaLly progrusille
increase of longitude in all the heavenly bodies. For the verna.l
eqninox being the initial point of longitude, as well WI ...to right
ascension, a retreat of this point on the ecliptic tells npon the
longit.ode of all alike, whether at rest or in motiJn, and pro­
':iuces, so far as its amount extends, the appearance of a motion
In longitude common to them all, a, if the whole heavens hlld a
slow rotation aronnd the poles of the ecliptic in the long period
above mentioned, similar to what they have in every twenty-four
hours around the poles of the equinoctial, As the Sun losu one
day in the year on the stars, by his dirut motion in longitude;
so the equinox gai1U oue day 00 them in 25,000 years, by its
re.trcgrade motion.

I\8'J Pre.ent rate of motion' Exaet period at ".," rate f Period maklnl! allowJ\!!••
~or acceJeratlon' Time of pall.lng over the ftrst quarter of the ecllptic? The se\1ond ,
f~ird 1 688. What Immediate coniequencel Clr the precel!liBion or the equiDoxeII'
Urlly doc!illt atft'- tll~ long:tudt: of the atara' WbatreHmblanee between the Dl(l'Uon 01

~_ljt." ~h~lIlial -",luel lud ll,at of the lCar~h' Between the ilUl aDJ equioosetl'

1:.'*
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A

B

BLeI lbe 110. A A 10 lbe ftgure re­
present the plane of the ecliptic;
Il B, toe poleo or lbe tcllplk; 0 0,
lhe poleo or lbe Earlh; aDd D D, lb.
eqUiD "'Ual. }; E I. lhe obliqully or
Ihe ecliptic. The olar 0, al lbe lop,
rt:preaenta the pole I tar, and the
curve 'IDe plUlolog 10 lb. rlghl from
II, may repr_ol Ih. circular orbit
or Ih. oorlb pole 'or Ihe bea\'COI
..rouod lbe oorlh pole or lhe ec1lpllc.

586. The effect of such
n. motion on the aspect of
the heavens, is seen in the
app".nnt approach of some
stars and constellations to
the celestial pole, and the
recession of others. The
brignt star of the Lesser
Bear, which we call the poit star, has not alwllYs been, nor will
alwn.ys continne to be, our polar star. At the time of the con-

58'. Thl' cause of this motion was unknown, nntil lIo ewton
proved that it was a necessary consequence of the rotntion of
:.he Earth, combined with its elliptical figure, snd the unequal
attraction of the Sun and Moon on its polar and equatorial
regions. There heing more matter about the Earth's equator
than at the poles, the former is more strongly attracted than
the latter, which causes a slight gyratory or wabbling motion of
the )loles of the Earth around those of the ecliptic, like the pin
of a top about its center of motion, when it spins a little
.bliquely to the base.

585. The precession of the equinoxes, thus explained, consists
in a real motion of the pole of the heavens among the stars, in a
slUall circle aronnd the pole of the ecliptic as a center, keeping
constantly at its preseut distance of nearly 23t0 frOID it, in a
direction from east to west, and with a progress so very slow,
as to require 25,000 yearll to complete the circle. During this
revolution, it is evident that the pole will poiut successively to
every part of the small circle in the heavens which it thus
describes. :Kow this cannot happen without producing corre­
sponding changes in the apparent diurnal motion of the sphere,
and in the aspect which the heavens must present at remote
rJeriods of time.

684. What llRid or the CtlWU~ of this recetllon 1 MlS. C what, then, does It consist'
What su','" of the pole of the ecHpUc. "nd the aapecte of t.- neavenB durin, thI. l'P.,"olu.
~Oh! ~. Huw i. the- efl'~ct of loh•• motion manifcol! "J' How with the Poll: .tart

Coogle
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stl1lction of the earliest catalogue, this star was 12° from tht:
pole; it is now only 1° 34' from it, aud it will approach to
within half a degree of it; after which it will again rectldc, and
slowly gi\'e place to others, which will succeed it in its vroximitJ
to the pole. ,

The po~, 88 above cODsidered, is to be understood, merely, &8 the "atUM:ing point o!
the E'1rth'~ aXi8; or that point in the concave 8phere which i. altu1a1l' &P1}(}RilAJ til::
terrestinl pole, and which conscqoentll' must mo-ve &1 that moves..

587. The precession of the stars in respect to the eql1inoxt'~

is less apparent the greater their distance from the ecliptic; for
whereas a star in the zodiac will appear to sweep the whole
circumference of the heavens in an equinoctial year, a star situ­
ated within the polar circle will describe only a very small circl~

in that period, and by so much the less, as it approaches the
pole. The north pole of the Earth being elevated 23° 27;­
towards the tropic of Cancer, the circumpolar stars will be suc­
cessively at the least distance from it, when their longitude it'
3 signs or 90°.

588. The position of the north polar star in 1855, was in the
17° of Taurus; when it arrives at the first degree of Cancer,
which it will do in about 250 years, it will be at its nearrst
possible approach to the pole-namely, 29' 55". About 2900
years before the commencement of the Christian era, Alpha Drar
C01lis, the third star of the Dragon's tail, was in the first degree
of Cancer, and only 10' from the pole; consequently it was then
the 10k star. After the lapse of lI,600 years the star Lyra,
the brightest in the northern hemisphere, will occupy the position
of a pole star, being then about 5 degrees from the pole;
whereas now its north polar distance is upward of 51 0

•

Thc mean average prece••lon from the creation (4004 B. C.) to the year 1800, 19
49'.M~; consequently the equinoctial points have receded since the creation, 2fi11. 14- S'
21". The longitude of the .tar Beta AMrli8, was in 1820, 81" 21' 28": Ai_, a famous
mathema.ticlan of Athens, who flourished 430 years before Christ, 88y8, this star, In hla
time, WHoS in the vernal equinox. If he la correct, then 81- 2T' 28~, divided by 22:)0 years,
the elapsed time, will give flO~· for the preceuion. Something, hewever, must be
allowed for the imperfection of the inltruments used at that day, and even until the eix­
tep.Dth century.

580. Since all the stars complete half a revolution about the
axis of the rcliptic in about 12,500 yeurs, if the North Star be
at its nearest approach to the pole 250 years helice, it "'ill,

What then, is the real pole of the heavens? 087. Where is the precession of the stare
mod ~ppa1"e~tP 'Yhere least ~ When are the circumpola.r IJtars nearcf\t UJe tropic 01
Cancer, amI why P [)88. Where was the pole star in lSMi f When will it be neareti:
the true pole' How near then? What said of Alpha DracO'llu' or Lyra' ZUeau
RvcraJte recession for f)800 years? Amounq I..ongltude of B(,ta .Ar<ktt.., in 18201" no­
flirt: ChriBt 430 yean, whert~ ? Average of precession for these 22~O years P l>SU. What
fu"Chur result or tl1f:' l"PvCJlution of the poJr oru~e h~M.vt:ni? "'"hat df,:('t! 'Wlu,;rc, then.
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12,500 years afterwards, be at its greatest possible distance
from it, or about ,n° above it :-That ig, the star itself will
rema.in immovable in its present position, bnt the pole of the
Earth will tMn point as much Mo'lO the pole of the ecliptic, 8i!
PM» it points above. This will have th~ effect, fLpparently, of
r1evatin~ the present polar star to twice its present altitnde, or
n°. Wherefore, at the expiration of hllif the eqninO<'tial year_
that point of the heavens whi.-h is !lOW 1° 18' north of the zenith
of Hartford, will be the place of the north pole, and nIl those
places which are situated 1° 18' north of Hartfori, will then
have the present pole of the heavens in their zenith.

OBLIQUITY OF THE ECLIPrlC.

590. The inclination of the Earth's axis to the DIane of the
ecliptic causes the equinoctial to depart 23° 28' froin the eclip­
tic. This angle made by the equinoctial and the ecliptic is
called the Obliquity of tlu Ediptu.

AB
J.cl lbe IIDe A A repre..nl

lhe ""I. of lbe 1I:&rth, and B B
lhe pol•• or axil of lbe ecllp­
llc. Now If lhe line A A in­
clln.. lowan! U.e plane of lbe
ecliptic, or1 la other wordt,
d.p"rta from lbe line B B, lo
the amounl of !l8' !l8-, Il II
obYloUi lhal lbe plaDe of lbe 8':W C
cqualor1 or equlnocU"I, will .£P:.!l.~A~N.!o.t:.!:D~'F-+~d-R:.,r;,,J-,q.=t4+-I!tJ.[B!!!''m'­
depart from the ecliptic to the .­
alme amoUD!. Tbil depar.
ture, IhoWD b1 lbe anlflel
C C, cODltltole lbe obUquu"
of 1M «Jllptk.

591. Hitherto, we
have considered these
great primary circles A B

in the heavens,.as never varying their position in space, nor with
respect to each other. But it is a remarkable and well-ascer­
tained fact, that both are in a state of constant change. 'Vt}

have seen that the plane of the Earth's eqnator is constantly
drawn out of place by the nneqnal attraction of the Sun and
Moon acting in different directions opon the nneqnal masses of
matter at the equator and the poles; whereby the intersection
of the equator with the ecliptic is constantly retrograding-thns
producing the pruusion of tlu tiJUi1lOXU.

wl\l lbr :!orth pole he 12,llOO ,ean beDce? 11110. What II th.O~qf~1t:MpII'.c1
G'l. II lhla IUIgle alw"yo !he IllUDe t Wh"t T:u1atlon of lbe equlDoctW t

j ,Coogle
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592. The displacement of the ediptic, on the contrary, is pro­
.:Iuced chiefly by the action of the planetil, particnlarly of Jupi­
ter and Yenus, on the Earth; by virtue of which the plane of
the Earth's orbit is drawn nearer to those of these two planets,
and consequently, nearer to the plane of the eqninoctial. '1'he
tendency of this attraction of the planets, therefore, is to dimi­
nish the angle which the plane of the eluator makes with that
of the ecliptic, bringing the two planes nearer together ; and if
the Earth had no motion of rotation, it would, in time, cause
the two planes to coincide. But in consequence of the rotary
motion of the Earth, the incJir,ation of these planes to each other
remains very nearly the same; its annnal diminution being scarcely
more than three-fourths of O'TUJ seama vf a degree.

The Obliquity of the ecliptic, at the CO'Dmencement of the present century WRS, accord·
Ing to Baily, 28' 21" 116lf", subject to a ye"rly diminution of O".4IM. According to B..·
..l, it "'''" lfS' 21' M" .82, ...Ith an "unual dimiuution of 0" .46. At thll dote (18M), It il only
about 28' ~,' 29'. Conl~quently, the angle II dlmlnlahed about 2,' in M yearB. This
iiminution, however, is subject to a slight semi·annual variation, from the lame causet'
",,-bleh prodnce the diBplliocement or the plane of the ecliptic, in precession.

593. The attraction of the Sun and Moon, also, unites with
that of the planets, at certain seasons, to augment the diminu­
tion of the 'obliquity, and at other times, to lessen it. Ou this
account the obliquity itself is subject to a periodical variation;
for the attractive power of the Moon, which tends to produce a
change in the obliquity of the eCliptic, is variable, while the dim'·
nal motion of the Earth, which teuds to prevent the change from
takin~ place, is wnstant. Hence the Earth, which is so nicely
poised on her center, bows a little to the influence of the Moon,
and rises again, alternately, like the gentle oscillations of a
balance. This curious phenomenon is called NutatiO'Tl. (fi89).

In conlequence of the yearly dinlinutlon of the obliquity of the ecUptlc, the tropicl ar~
a10wl, and steadily approachinr the equinoctial, at tbe rate of little more than thrt"~­

fourth. of a second every year; l!liO that the Sun doe. not now come eo rar north of the
equator In Bummer, nor decline 10 far Bouth In Winter, by nearly a degree, al it lUust
have done at. the Creation.

594. The most obvious effect of this diminution of the obli­
quity of the ecliptic, is to equalize the length of our days and
nights; but it has an effect also to change the position of the
stars near the tropics. Those which were formerly situated
north of the ecliptic, near the summer ~olstice, are now fonnd to
be still farther north, and farther from the plane of the eclipt.ic.
On the contrary, those which, according to the testimony of the

li9i. What dilplacement of the ecliptic, and by ...hat caused? Elfect of theoe caulel'
Amountofchangeannually? Obliquity of the ecliptic in 180111 In 18M? ll98. Diminution
In Ill) ,.ean r What II N"tation' Its ca·"".' What ell'..t from thl8 annual dlminu­
""n of obllqultyr 6P4. What other elf..t r Will this diminution continuer Wh.t
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ancient astronomers, were situated south of the ecliptic, near the
summer solstice, have approached this plane, insomuch that some
are now either situated within it, or just on the north side of it.
Similar changes have taken place with respect to those stars
Ilituated near the winter solstice.• All the stars,_ indeed, partici­
pated more or less in this motion, but less, in proportion to their
proximity to the equinoctial.

It Is important, however, to "lbserve, that this dIminution will not alwaY8 continue. _A
time will arrive when this motion, growing less and less, will at leng&h entirely ct:ase,
and the obliquity will, apparently, remain constant for a time; 81'ter which it will itl"a­
duaUylncrelUle again, and continue to diverge by the same yearly incremeD~ as it before
bad diminished. This alternate decrease and increase will constitute an endless osc11la.·
tion, comprehended between certain flxed limit.l. Theory hal Dot yet ena.bled U8 to
determine precidely what these limits are, but it may be demonstn,ted from the constitu­
tion of our globe, that Buch limits eXillt, and that they are very restricted, probably not
exceeding 2- 42'. If we consider the eJfect of this ever..varying attribute In the system
of the universe., it may be affirmed that the plane of the ecliptic never has coincided
with the plan~ or the equator, and never will coincide with it. 'Such a coincidence,
could it ha.ppen, would produce upon th.e Ea.rth perpetualsprmg.

595. The method used by astronomers to determine the
obliquity of the ecliptic is, to take half the differenee of the
~reatest and least meridian altitudes of the Sun.

The following table exhibits the mean obliquity of the eclil'UC for eve,.,. ten year.
during the present century.
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23 21 86.00 1900 23 21 0
28 lIT 81 .98 i 1910 23 21
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1800
1810
IS20
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1840
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CHAPTER XIII,

PHILOSOPHY OF THE TIDES.

596, TIDES are the alternate rising and falling of the waters
of the ocean, at regular intervals. Flood tide is when the water!!
are rising; and ebb tide, when they are falling, The highest
and lowest points to which they go are called, respectively, high
and low tides. The tides ebb and flow twice every twenty-fouf
hours-i. e., we have two flood and two ebb tides in that time.

,yclc of oscillation l' Its prClhable limits" What conclusion fro:n this 08ci1lation of tba
~cliptlc? 590. By what meiliod do astronome:r9 determine the obJiquityof the eeUpLie7
506. Wb~t ar. tid•• r )'Iood and ebb tid•• r High and 10... ? Ho... often do they "bl>
JLnr) flo'"



I
PHILOSOPHY OF THE TlllEll. 281

t)
B

8
B

597. The tides are uot uniform, either as to time or amount.
They occur about 50 miuutes later eVt:ry day (as we shai~

cxplain hereafter), and sometimes rise mach higher and sink
much lower thau the average. These extraordinary high and
low tides are called, respectively, spring and 'TIULp tides.

598. The cause of the tides is the attraction of the Sun and
Moon upon the water of the ocean. Bnt for this foreign influ­
ence, as we may call it, the waters having found their proper
level, would cease to heave and swell, as they now .0 ~lDL

do, from ocean to ocean, and would remain calm
anI! undisturbed, save by their own inhabitants and
the winds of heaven, from age to age.

In this figure, the Earth la represented &8 lurrounded by water, in a '
otate of rest or equlllbrlum, al It would be were It not acted upon by
the Sun and Moon.

599. To most minds, it would seem that the natural effect ot
the Moon's attractiou would be to produce a single tide-wave
on the side of the Earth toward the Moon. It is easy, there­
fore, for students to conceive how the Moon can produce one
flood aud one ebb tide in twenty four hours.

In this ~ut, the Moon Is shown at a distance above the Earth, and 0•• TIDE-WAV•
. attracting the waters of the oceaD, l!liO as to produce a high tide at A.

But a8 the moon makes her apparent westward revolution around the
Earth but once a day, the 81mple rising of a Ooad tide on the side of the
Earth toward the mOOD, would give give U8 but ODe flood and one ebb
tide in twenty-rour hours; whereas it Is known that we have two of
each.

"The tides." says Dr. Herschel, U are a subject on which many per­
Ions find a .trange difticult.y of conception. That the Moon b)" her
attraction, should heap up the W'atel's of the Ocean under her. seems to
many persons very natural. That the same cause should, at the lame
I1me, heap them up on the opposite side of tbe Earth (Viz., at B In tbe
figure), seems to DIlU1y palpably abourd. Yet notbing il more true."

600. Instead of a single tide-wave upon the waters
of the globe, directly under the Moon, it is found
that on the side of the Earth directly opposite,
there is another high tide; and that half-way
between these two high tides are two low tides.
'l'hese four tides, viz., two high and two low,
traverse the ocean from east to west every day,
which accounts for both a flood and an ebb tide
every twelve hours.

TWO TlDB-WAVB::I.

".'c

597 Are the tides uniform? What variation of time? Alii to amol1nt' What IUt:
',hese extraordinary high and low tides called 1 098. The cause of tilIes? How but
~or thi! ino.uence? ::'99. 'Vhat most obvious effect of tbe Moon's attracLion! Substance
)f Dote 11 Remark of Dr. lIenchel1 600. How many tide-waveR are there OD th('
globe. and how IlluMed?
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In thl. cut, we bave a rrprelentatioD of the tide-W"i.\"ei liS they actuany exI8t.. exe-.:~t

that their heIght, 118 compared with the magnitude ur the Earth, 1. VRl'Ul' too great..
It is dCflignedly exaggerat~d, the hetter to i1IulJtrate tlu:' principle under COD8id~ratioll..
While th~ !\Ioun at A atlra.ctl the waters of the ocean, aDd produces a. high tide at B,
"'to' lee auotller high tide at. C on the oppolUe Bid~ of the globe.. At the same time Ie Is
10.. tide at D and E.

601. The principal cause of the tide-wave on the side of the
Earth opposite the Moon is the differl!:lIa of the Moon's attrac­
tion on different sides of the Earth.

If the student wen understands the BUbjt'ct of gravitation, he wtll easily percel,"_
how a difference of attraction, as above described, would tend to produce an elongation
of the huge drop of watt:r cI1.11ed the Earth. The diameter of Ule Eeirth amounts tu about
ioth of the Moon'e distance; eo that, by the rule (:>.'is), t.he dift'erence in her attraction
on the side or the Earth to.... rd her, and the opposite Ilde, ..auld be abonl T)-Ih.. The
attracllon beIng 8Iron~r at B <In Ihe 1...1 cut) than al the Earth's cenler, and.ltronger
at her center than at C, would tend to il'ptlrllM theBe three portions of the globe, giving
the waten an elongated form, aud produ.cing c.wo oppoalte tide·...."e., ....hawD in
~he cut.

602. A secondary cause of the tide-wave on the side of the
Earth opposite the Moon, is the revolntion of the Earth around
the common center of gravity between the Earth and Moon,
thereby generating an increased centrifugal force on that side
of the Earth.

The center or graTlt,. between the EArth and Mooa II the point ..here Ihe7 ..oll1ll
esactll' balance each other, if connected by a rod, aDd polaed. upon a fulc:rwn..

CD'I'D OJ' a.A"J" BBT'W8U TB8 .....n UD MOOX.
F..rtIl.

II.....

•
This point ..hleh, accordla« to 'eJ"IU80n, II abont eooo mn.. rrom the Earth's cenler

II represented al A In lbe aboye, and allo In the next cn~

IDCOXD.U:I' CA.trU OJ' BIGB TWK ·OPPOBn'll ma MOOX.

,.
~/!~\

;A i

..........\- ......••/

Tt•• point A reprelents the center 0' graYIt,. bet..een the Earth and )Ioon; and as II
:J tnt, JJotnt which tracel the reffUlIlr curve of the Earth's orbit, it Is represt:'nted tn the
arc of that orbit, while the Earth's center 18 6000 mild one ...Ide of it. Now, the Il10w of
grr4vitatioD requires that while both the lloon and EJI.!'th revolve around the Sun, the)'
rhould alao revolve around the COUlman cent~r of Il'ravit.r between them, or around thu
polnl A. ThlB w~dld give Ihe Earlh • t"lrd rflfJolution, In aduillon to Ihat around lb,

8111. Btate the princIpal cau"" of the "ave opposite the )Ioon r Demon,lrale b7 dl.. ·
lfJ'"m. 602. ''"hat other Caule operates with the c.lDe Just atated to proc; lee the tide-­
-ave oPpollle the )Joan r ~t I, the cenl4lr or graylt,. bet..een the Earth and lbe

')Ou l' WhM'e i. Ie Iitwat~d P IUUlrate the OPU&t!OD of thy HcoDdal'1 aaUN.
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San and on her axis. The sman elreles show her path around the center of gravity, olnll
&he arrows h~r direction.

Tbls motion of tlle Earth would sltghtly increase the centrifugal tendency at B, Rud
thus help to raise the tidl"-w&ve opposite the Moon. But &8 this moUon Is sJow, corre~

Bpondlng with the revolution of the )IM)n around the Earth, the ct'utrifugaJ. force could
Dot be greatly augmented by.ncb a cause.

603. As the Moon, which is the principal cause of the tides,
is revolving eastward, and comes to the meridian later and later
every night, so the tides are about 50 minutes later each success­
ive day. This makes the interval between two successive hig-h
tidf's 12 hours and 25 minutes.. Besides
Ll.... ftD.·wJ.VJl8 BEHIND TOW JlOOX.

tuis daily lagging with the Moon. the _().. .
highest point of the tide-wave is found --.....
to be about 46° behind, or east of the ..../ i '",
Moou, so that high tide does 1I0t /' :
occur till about "three hours after the
Moon has crossed the meridian. The
wBters do uot at once yield to the im­
pulse of the Moon's attraction, but
continne to rise after she has passed
over.

In tb. CtIt, the Moon Is on the meridiac, but the bighest polnt of tho wave is at A, '>l
45- east of the meridian i and the correspondiDI wave on the opposite 1I1dt" at B ilP equall.)'
behind.

604. The time and character of the tides are also affected 1y
winds, and by the situl!-tion of different places. Strong: winds
may either retard or hasten the tides, or may increase or diminish
their height j and if a. place is situated on a large bay, with bnt
a. narrow opening into the sea, the tide will be longer in rising.
as the bay has to fill op throu~h a narrow gate. Heuce it is
Dot usually high tide at New York till eight or nine hours after
the Moon has passed the meridian.

605. As both the Sun and Moon are concerned in the produc­
tion of tides, and yet are constantly changing their positions
with respect to the earth and to each other, it follows that they
Ilometimes act against each. other, aud measurably neutralize each
other's influence j while at other times they wmbim their forces,
ann mutually assist each other. In the latter case, an unusually
hil1:h tide occurs, oolled the Spring Tide. This happens both at
new and full Moon.

tI08. Whst dally l08'Klng of the lides? Interval between two suc<...ive high tides?
Wha.r, oth~r IHggingl' Cause of this last? 604. \VhKt modification of the time Bnu
charac;er of the tides' 605. Do the Sun Ilnd ~loon slwaya net together in BttrM,criDI
the waters' Why nut? How alft'ct each other'. influence l' Etrect on the tide.' 'Vha&
Lre Sprinq 1Vdesl When do they occur? Illustrate by di"llrall1 tbe ""..... or sprins
UcleB, when "'hl: Siln and Moon are in conjunction.
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............- i

/~ : "\"
! E: \

~tV
"He.... lhe 8wl and Moon, being In eoDjuuelion, unite their "'""'" to prodRoe an Gtn­

lJrdlnar,. IIde. The lame ell'eel folio......ben Ib.,. are In oppoallion; 10 lha~ ...Po ban
CWo spring tide. every month-namelY, at new and rull Moon.

U Ihe tlde-wn.. al A and B a.... one-third hig/ur althe Moon'l quadrature lhlUllUUaI,
thOle of C Ind D ...111 be one-third louJ<l,. than l1.Iual.

606. When the Moon is in q1wdratl£Te, Rnd her influence i"
partly neutralized by the Sun, which now nets against her, tbe
result is a. very low tide, called Neap Tid".

BPILI5Q .urD XUP TOlD.
The wbole phllo.oph,. of Iprlng and

neap tides may be Wusuated by the aD­
nexed diugram.

On Ih. right Ilde of lhe cut, Ibe Sun
and }loon are In 001tjUftCtW1l, aDd unite
to prorluC'e a ttprifl{/ tide.

At the fint quarter.. their attraction
acts at right Bngle., and the SUD, instead
of contributing to the lUDaf tide-wave"
detracts from It to the amount of hie
own attractive force. The tendency to
form a tide of his own,.1 represented in
the figure, reduce8 the Moon'. wave to
the amoun t of onc-third.

Al the full )loon, Ibe b In opp<>Mtimo
to the SnD, and their joint att!BctioD
acting again in the aame line, tend. to
elongate the lIuld portion of the Earlh,
and a second IpriflL(/ Ud~ Is produced

Finally, at the third quarter, the Suu
anu Moon act agaifUJt each other again,
And the second neap tide is the result.
Thu. we lIave two ,pring and two neap
tidel5 durinA' every lunation-the former
ILt the Moon'. cyzygies, and the latter at her quadrature•.

607. Although the SlIn attracts the Earth much more power
fuUy, 8S a whole, than the Moon does, still the Moon contributes
more than the Buu to the production of tides. Their relative
influence is as olle to three. The nearness of the Mooll m~kes

6(>6. What are Neap 1\"dCR' Their cause? Illuslmle entire phllolop!Jy b,.l1I"lf....m.
(j01. Compam,tive Inftuence of SUD and MOOD in the production of tldeaf ""hy)IooD'.
ln~up.nce &.he greate»t.' Substance of n' w f DemonltratioD'
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tLe diJftrt:ner- of her attraction on different sides of the Eartb
much greater than the difference of the Sun's attraction on dIf­
ferent sides

It must hot be forgotten that the tides are the result DOt BO much of the attraction of
the SUD and MOOD, all a 'WhoU, all of the differl!'1UM in their attra.ction on different sides
of the Earth, caused by • difference In the dUtancea of the se"'eral paru. The attrac­
tion bf;iog Inversely IL. the square of the distance (;'){)8), the influence of the Sun and
MOOD, respectively, must be in the ratio of the Earth'. diameter to their dIstances. Now
the dill'erence In the distance of two sides of the Earth from the )Ioon Is -Kjj th of the
l'<)()D'S diatance i lUI 240,000+8,000=80 i whne the dilference, .1 compared wnh the di,a..

t&nce of the Sun, Is onl1 Trt'fl"th, as gli,OOO,OOO...S,OOO=l1,S7li.

608. The tides are subject to another periodic variation,
caused by the declina.tion of the Sun and TIDJ18 urwrRD BY D.CLlIIJ.-

Moon north and south of the equator. TIO".

As the tendency of the tide-wave is to
rise directly under the Sun and Moon,
when they are in the sonth, ag in winter,
or in the north, as in summer, every
alternate tide.is higher than the interme­
diate one.

At the lime of the equinoxes, the Sun being over the
equator, and the Moon within D~· of it, the crest of the
great tide·wllve wtll be on the equator; but as the SUD
and Moon decline south to At one tide-wave forms In the
louth, 3S at H, and the opposite one in the north, 811 at.
C. It the decliDatlon "as 1UJrth, as ,hown at D, the order of the 1.ides would be reversed.
The following diagram, if carefully studied, wUl more fully lllu8trate the subject of the
alternate hIgh and low tides, in high latitudes, in winter and Bummer:

.A.LT&UAT. BIGB AND LOW TWBS.

B

~
B

, SEPTl,~·

A.. •..•.- :.~::: ...:.()---
(l~.•••.•..• - \!l" 0 (J:.

B

N JUNE .. I.
·······.·.lJ B

let the line A A represent the plane of the ocliptic, and B B the eq..mwctirrl. On tho
21st of June" the dH.,)" tide-wave l& north, and the evening wave Bouth, 80 tha.t the tide
follOWing about three hour. after the Sun and Moon, will be higher than the intermediate
one at 8 o'clock In the morning.

On the 28d of December, the Sun and Moon being over the !Iouthern tropic, the
highest wave in the southern llemisphere will be about 2' o'clock P. M , and the lowes1
about 8 o'clock A.M.; while at the north, this order will be reversed. 1t.J! on this
account that In high latitud~! every alternate tide Is higher than the Intt'rmediate Ollel;
the evening tide. In Bummer exceeding the morning tides, and the morDing tides in win­
ter exceeding those of evening.

609. All spring and neap tides are not alike as to their eleva
tion and depression. As the d~tances of the Sun and Moon arc

tios. What other periodic variation! mentioned? Explain cause, and U1ustrute.,
GlIU. Are ull spr;ni' ..nd neap ti,l.s ..ilke r B1 what arc they mollifiell r illustrate Ly
1iagram
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t'aried, SO are the tides t'aried, especi ally by the variations of
tht: }loon.

.,...&.BllTJon or TU iiPanlG TlDas..

M A, the Earth I. 10 "1'MUoto, aad the Mooa Ia npo{/~. A. both the Suu "ad Mooll
are at their greateot distance., the Earth I. le".t all'ected by their "ttractloD, &Ld the
i)JI'h"tld.. are pmporlloDatelylo...

A. B, the f:arth I. In p.rlMlw.., and the Mooa 10 pmg•• ; .0 that both the St:n and
liMn ex~rt their greatest. Influence upon our ,lobe. and the IprioK Udel are htghe!'t, U
e:hrwn in the tlA'ure. In both caBell, the Sun .ud Moon are In cunJunctlon. but t.he .arta­
tlOD 10 the diot<•...,... of the Sun and MooD caUle. vanlltloaa ID the .prla. tidea.

610. In the open ocean, especially the Pacific, the tide rises
. and falls but a few feet; but when pressed into narrow bay':!

or channels, it rises much higher than under ordinary cir
eumstances. .

The "vera,. elentloa of the tide at .everal polDts 00 our coaat Is aa follo..a:
Cumherlaad, head of the Bay of .ruady • •• .. . • .. . • • • .. • • •••• 11 feet.
Boatun llll; ..
New \Iavea S
Ne.. Vork...... II
Charleatoa, B. O. .. .. .. .. .. .. • .. . .. .. .. .. .. .. .. .. .. .. . . • .. 6

611. As the great tide-waves proceed from east to west, they
are arrested by the continents, so that the waters al"e per­
manently higher on their east than on their west sides. The
Gulf of Mexico is 20 feet higher than the Pacific Ocean, on the
other side of the Isthmus i and the Red Sea is 30 feet higher
than the Mediterranean" Inland seas and lakes have no per­
ceptible tides, because they are too small, compared with the
whole surface of the globe, to be sensibly affected by the attra,\}o
t.inn of the Sun and Moon.

ATliOSPHERICAI. TIDES.

')12. Air being lighter than witter, and the surface of tl.e
atmosphere being nearer to the Moon than the surface Of the
Rea, iI, cannot be doubted but that the Moon raises much higner

610. Hdgbt of tldel in open seRs? How in narrow bays and channels' H~iJlht nt dlf·
Cerent VOint, on our coast' 6] 1. Direction of tide-waves" What reBull" ImJtance»
cltt!d' Have inlaDd leal and lakes any tides' Why not' Remarks rr~peetiDILphi.
l"""Phy or lid.. r lin Ablla.pherlc tid•• r
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tides in the atmosphere than in the sea. According to Sir
John IIer!lChel these tides are, by very delicate observation.~.

rendered not only sensible, but fI/Ol.svrablt.
Upon the Buppoaltlon that there II water on the ....race or the Bloon of the &.&me

lpecl6c rravlty 81 our own. we might ealily determtne the height to whIch the Larth
would raise a lunar tide, by the knotrIl principle, that the attraction alone 01 thelt
bod Ie. on the other'. IUrface h!ll dirtJdl,1I" ita quanthl' of matter, and ~rMII "8 iu
diameter. By making the calcohl.tion, we .hall lind the aUracliYe power 01 the IWirth
npon the Hoon to he IH.111 lime. paler than that or the Hoon npon the Earth.

613. Wc have thus stated the principal facts connccted with
this complicated phenomenon, and the causu to which they are
generally attributed. And yet it is not certain that the philoso­
phy of tides is to this day fully understood. La Plaa, the great
l!'rench mathematician and astronomer, pronounced it one of the
most difficult problems in the whole range of celestial mechanics.
1t is pPObable that the atmosphere of our globc has its tides, as
wcll as the waters; bnt we have no means, as yet, for definitely
BSCcrtaining the fact

CHAPTER XIV.

TIIE SEASONS-DIFFERENT LENGTHS OF THE DAYS ANI)
NIGHTS.

614. THE vicissitudes of the seasons, and the unequal lengths
of the days and nights, are occasioned by the annual revolution
of the Earth around the Sun, with its axis inclined to the plane
of its orbit. The tcmperatnre of any part of the Earth's sur·
face depends mainl)', if not entirely, upon its exposure to tht'
Sun's rays.

JlICUlI..lTIOll 01' TUB UftB'• .&..XIS '1'0 no:~ or '11m .m.IPI1a.

615. Whenever the Sun is a.bove the 'horizon of any place,
that place is Ttc,-ivillg heat; when the Sun is below the horizon
it is parting with it, by a process which is called radiation. The
quantities of heat thus received and imparted in the course of
the year, must balance each other at every place, or the equi·

018. 10 It eeflaln that thll lubject II even yet ..en under.tood? Remark or Laplace'
1n4- CaaM or the ......n•• aDd the unequal length cf the day. and nights? TemperallU>.
of ttl•••011 61/l. Wbo d_ a1l7 pl"';' flU';' hftt, an.lwh." 1_' [Tpon wlntt duil..
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librium of temperature would not be supported. Whenever tne
Sun remains more than twelve hours above the horizon of any
place, and less beneath, the general temperature of that place
will be abO'lJe the mean state; when the reverse takes place, the
temperature, for the same reason, will be below the mean state
Now, the continuauce of the Sun above the horizon of any place,
depends entirely upon his declination, or altitude at noon.

616. About the 20th of March, when the Suu is in the ver­
nal equinox, and consequently has no dedination, he rises at six
in the morning and sets at six in the evening; the day and night
are then equal, and as the Sun continues as long above our
horizon as below it, his influence must be nearly the same at the
same latitudes, in both hemispheres.

From the 20th of March to the 21st of June, the days grow
longer, and the nights shorter, in the northern hemisphere; the
temperature increases, and we pass from spring to midsummer;
while the reverlle of this takes place in the southern hemisphere.

From the 21st of June to the 23d of September, the days
and nights again approach to equality, and the excess of tem­
perature in the northern hemisphere abole the mean state, grows
less, as also its defect in the southern; so that, when the Sun
arrives at the autumnal equinox, the mean temperature is again
restored.

IH 7. From the 23d of OAllD OHBB IIUSOn.

September until the 21st of B

Dep.ember, our nights grow ~ .
longer and the days shorter, ~ "~"L .
and the cold increases as ,// \, EllU'\NOX •.•..

before it diminished, while ,/ \,.. SEIITrU \'"

we pass from autnmn to:' \. : \
mid-Winter, in the northern ! W'~TE' '0'":~,., .u ~; @t'
hemisphere and the inhabit- ~OLSTIOE ... O'~ _....~~~~.:! ..
ants of th~ southern hemi- F~ DEC:;i-···-- JUMI:-21 ;

sphere from spring to mid- \. • \... '/
~ilmHlcr. \.. VER\NAL\" ./

From the 21st of Dec. ..... EPU':NOX \. .,/
to the 20th of March, the IIARo>< 20 .. 0 .c,cold relaxes as the days grow . ....
longer, and we pass from

A

tht: length of the dRYS depend? 616. How about lile 20th uf .'Iarch f From Alareb
20th to Jnne ~hU From Jun. ~lIt to September 28<1! 617, F,',lIl.. September Il8d II>
In.......b.r 1Il.1 ? From Den.rober Slot III March 20th! llr IV wi th tho .......,n. 1D Ih.
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tht' urcariness of winter to the mildness of ~pring, when the
Ileusons are completed, and the mean temperature is agaiu
restored. The same vicissitudes transpire, at the same tim;;, ill
the southern hemisphere, but in a contrary order. Thus are
produced t1le four seasons of the year. "

In the precedlnr cut, the E,uth is shOlm in her orhlt, with ber &][Is Inclined 1lSj§'; the
1.oTth Pol~ being towards the eye of the IItudent. At A and B the SUD ahines from pole
to pole, and the da.ys and nights are equal in both hernisph~re.. On the right, the North
Pole is in the Uj{ht, and we have summer in the northern hemisphere. On the left, tbt
reverse i8 the case. And the grauuul shortening or lengtheniug of the dU,fll, Bod tho
change of temperature, a.re produced bY' the passage of the Earth from one point t.u
another, with her axil thull inclined.

618. But I have stated not the only, nor, perhaps, the most
efficient cause in producing the heat of summer and the cold of
winter. If, to the inhahitar.ts of the equator, the Sun were to
remain 16 hours below their horizon, and only 8 hours above it,
for every day of the year, it is certain they would never eXlJe-·
rience the rigors of our winter j since it can be demonstrated,
that as much heat falls upon the same area from a t'ertical SlIn
in 8 hours, as would fall from him, at an angle of 600

, in 16
honrs.

Now, as the Sun's rays fall most obliquely wlten the days art
'lwrtest, and most diredty wMn the days are lO1lgest, these two
c8uses--namely, the duration and intensity of the solar heat,
together, produce the temperature of the different seasons. The
reason why we have not the hottest temperature when the days
are longest, and the ('oldest temperature when the days are
shortest, but in each case about a month afterwards, appears to
be, that a body onre heated, does Dot grow cold illstantaneously,
but gradually, and so of the contrary. Hence, as long as more
heat comes from the Sun by day than is lost by night, the heat
will increase, and vice vcrsli.

BEGINJiIJ(O A.lIID LlDIOTB 0" TB. SEA.SOn.
h. III•••

Sun enters ~ (Winter begins! 1849, Derember 21, 7 2.'l 46 M. T. Wub.
u " ,. (Spring " 18l)O, March 2U, 8 f)6 88 " "
u u ~ ,Summt:r U •• JUDe 21, 6 8 9 " u
u " :0: (Autumn U "Sept. 22, 19 l>8 21 u "
U II '" (Winter 51 U ])ecember 21, ]8 21 61 " "

outh.-.n bemlsphere' 618. Is the simple fact that a place,. enlightened by the SaD, D
afficieut caU8e for its being warm? What circumstance dEtermines the intensity of' the

Bun'l"rayJ' Why, then, is it not wannest dur~ng the longest dRYS, aDd on the C'c~~
.,Id....' durlq lhe ohwte.t day. r How long will heat Inc...... '
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lull In the Winter Sl....
II " Spring.

Summer
Autumn • • • .

.. north of Equator (Sprlnl and Summer)
.. lOuth .. (Winter and Autumn)

Lonrelt north of the Equator . •
Lenrth 0' the tropl.al rear beriunlng at l

the win ler IOlltice 1849, and eUding at I
the winter lolltic. 18M.

Mean or average length of the tropical rear,

d. b. In. a.
89180:l~

92 11 681
lIS 18 M 21
89 17 28 26

186 11 I 113
11818 M 18

7 16 7 8:l

r6.~ fi fi6 11

-ll6l, fi 48 48

619. The north pole of the Earth is drnominated the elel:attll
pole, because it is always about 23tO above a perpendicnlar to
the plane of the ecliptic, and the south pole is denominated the
depressed pole, becau8e it is about the 8ame distance below such
perpendicular.

A. the Sun cannot Ihlne on more than one·half the Earth'l ourtkee at a time, It bo
•plaiu, that when the Earth bo moving through that portion of Its orbit which lIel t.JbO'rHl
the Sun, tha elevated pole Is In the dark. This requires six months, that fs, until the
Earth arrivt'B at the equinox, when the elevated pole emergefl Into the light, and &he
depressed pole is turned away 'rom the Sun for the lalJ1e period. Consequently, there
are sill: mouths da,. and lis months night, alternately, at the poles.

620. When the Sun appea~s to us to be in one part of the
eeliptic, the Earth, I\S seen from the Sun, appears in the point
diametrically C'pposite. Thus, when the 8un appears.in the ver­
nal equinox 'J.t the first point of Aries, the Earth is actually in
the opposite equinox at Libra. The days and nights are then
equal all over the world. (See the cut, pages 288 and 292.)

As the 8u~ appear. to move 'Up from the verDAI eqatnox to the summer lolstice, tbe
~a.rth actually moves froil'. the autumnal equinox down to the winter solstice. The day.
1I0W lergthen tn the northern hemisphere, and ahorten In the southern. The Sun Is noW'
over the north pole, where it Is mid..day I and opposite the 80uth pole, where it is midnight.

As the Sun delce~d8 from the Bummer solstice towards the autumnal equinox, the Earth
apcends from the wtoter solstice towards the vernal equinox. The Bummer day. in tho
northern hemisphere haVing waxed shorter and aborter, DOW become again of eqaal
length In both h.mllpber.l.

621. While the Sun apears to move from the autumnal C<l3i­
1.0X down to the winter solstice, the Earth passes up frem the
vernal equinox to the summer solstice j the south pole comes
into the light, the winter days continually shorten in the nocthern
hemisphere, and the summer days as regnlarly increase in length
1n the southern hemisphere.

While the Sun appears again to ascend from its winte" solstice
to tbe vernal equiuox, the Earth descends from the Summer
Holatice to the autumnal equinox. The summer days now shortell

619. Which II the tlMJaud pole, and why? The depr.lled, aDd why? How are the
le&lODI produced? 620. How are lbe F.artb and Sun lituat.d In tI.e ecliptic, with
reference to each other' What laid of the Sun'. apparent motion around the MXli&C I
IIIIt. Wbal further delOrlptloD of &he SlID'S appareot prOllr.,.. ?
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in the southern hemisphere, and the winter days lengthen in the
northern hemispherr.

622. When the Sun passes the vernal equinox, it rises to the •
arctic or elevated pole, and sets to the antarctic pole. When
the Sun arrives at the summer solstice, it is noon at the north
pole, and midnight at the south pole. When the Sun passes the
autumual equiI1ox, it sets to the north pole, and rises to the
~;outh pole. Wheu the Sun arrives at the winter solstice, it is
midnight at the north pole, and noon at the south pole j and
when the Sun comes again to the vernal equinox, it closes the
day at thA south pole, and lights up the morning at the north
pole.

'There would, therefore, be 186t days during which the Sun
would not set at the north pole, and an equal time durilJg which
he would not rise at the south pole j and 178t days in which he
would not set at the south pole, nor rise at the uorth pole.

623. At the arctic circle, 23° 27t' trom the pole, the lougest
day is 24 hours, and goes on increasing as you approach the
pole. In latitude 67° 18' it is 30 days j in lat. 69° 30' it is 60
days, &c. The same takes place between the antarctic circle
aud the south pole, with the exception, that the day in the same
latitude south is a little shorter, since the Sun is not so long
south of the equator, as at the north of it. In this estimate no
Gccount is taken of the refraction of the atmosphere, which, as
we Ilhallllee hereafter, increases the length of the day, by mak­
ing the Sun appear more elevated above the horizolJ than it
really is. All these apparent motions of the Sun are due to the
inclination of the Earth's axis (or the obliquity of the ecliptic),
and her revolution around the Sun.

Th. f..JlO...1Dr cut r.pr•••Dl.8 the IDcliDatioD of the Earth'. ""il 10 lIB orbll ID ....ry
ooe of the twelve Ilgns of the wadiao, and ooQBequently for each month in the year.
It is lucb & view &15 a beholder would bave, Bituated In the north pole of the «JUptic, at
BOrne diAtanoe frum It, and consequently, 18 a perpendicular view, the north pole of the
Earth being towards ua. Tbe Sun enten the ogn Aria', or the vernal equinox, on the
20th of March, when the Eartb enter8 LibNZ" and when her axis ineline- neither totoarda
Ih. Sun, Dar from II, but .\aDdl .xactl,. Md""uf/' to II; .0 thai the Bun Ih.D .hin••
equall,. UpOD the Earth from pole to pole, and the day. and DlghIB are ....r,....h.r. equal.
This is the beginning of the aatronomical year; It is also the beginning of day at the
Dorth pol., ...hich Is Jusl comiDg ID to lighl and the .Dd of da,. al the /lOuth pole, ...hicb
i. JUBt going into darkness.

By the Earth'. orbitual l'l1"o«reslI, the Sun a ppears to enter the second sign, Tavru.t,
on the lOth of April, when the north pole has senlibly advanced into the light, whUe the
louth pole haa been declining from It; whereby the days become longer than the nights
lD lhe northern hemisphere, and ahorter in the louthern.

On Ih. 21s1 of Ma,., lh. BuD appearl 10 .Dler Ih••ign Gemim, ...h.D the Dorlh pole

e22. How ar~ the light and darknen of the poles affected by the Sun's apparent motion'
IIi». What laid or the I.Dgth of ~h8 da,.....iti,iD the arctic circl.' ID lalilud. 61· 18' ,
rn latitude 69' 80'" Howat the otber pole 1 To ...bat are theBe ••rlo\1-11 IlpusreDf
'notions or the Pun rean,. due'

H.G. 13
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h&.I advanced conlldera­
bly further into the light,
"hUe the south pole has
proportionally declined
from It: the Bummer
1ay. are now waxing·
longer in the northern
heruiBphere, and the
nlp:h'" .horter.·

The 21st of June, wben
the Sun enter. the Ilgn
CUncel", ill the fir.t day
of Bummer in tht altro­
nomical year, and the
longe.t day in the norlh­
ern hemisphere. The
\lorth pole now has Ito
,--reatest Inclination to
the Snn, the light or
which, as I. shown by
the boundary of !lght and
darkneu, in the figure,
extends to the utmost.
verge or the .Arctk ()jr­
,u; the whole or which
Is included In the enligh\­
ened bemlsphere of the
Earth, and enjoys, at
this BeasoD,CoDstant day
during the complete revo­
lutton of the Earth on ita
axis. Tbe wbole or the Northern J'rigld Zone Is now In tbe circle of perpetual iIluml­
Da&loD.

On the 23d of July, the Sun enters the .Ign lBJ, and as tbeline of the Earll,'. axis alwa,.
contInues parallel to Itself, the boundary of light and darkness beglos to approach nearer
to the poles, and the length of the day In the northern bemis}Jhf!re, which had arrived
at it! maximum, begins gradually to decre:)le. On the 28d of AUgult, the SUD enters Utr
sign Virgo, Increasing the appearances mentioned in IMJ.

On the 23d of S~ptember, the Sun enters Libra, the first ot the autumnal sIgn1', when
~be Earth's a.xls haVing the same inclination as It had in the opposIte sign, Ark", is
turned neither from the SUD, nor towards it, but obliquely to it, 50 that the SUD again
noW shines equally upon the whole of the Earth'! Burface trom pole to pole. The days
and nights are once mOI"e of equfll1ength, throughout the world.

On the 28d of OctOber, the SUD enters the sign Sco,-pio; the days visibly decrease
In length In the northern hemisphere, and increase in the 8outhern.

On the~ of November the SUD enters the sign Sagittari1Ul, the last of the autumnal
signs, at which time the boundary of light and darknel8 is at a cODsiderable dista.nce
from the north pole, while the south pole has proportionally advanced inttl the light; the
length of the day continues to Increa8e in the southern hemisphere, and to decreue in
the northern.

On the 210t or December, wblch Is the period of tbe winter solstlce, tbe Bun entero the
sign Cl1pricUT'ft. At this time, the north pole of the Earth's axis I. turned [rom the
SQn, Into perpetual darknes8; while the south pole, in itl turn, II brought into the light
of the Bun, whereby the whole ..dnta-rctic region comes intI) the circle ot perpetual iIlumi..
natton. It i. now th&t the southern hemisphere enjoys all those advantages with which
the northern hemisphere ....&8 favofed on the 211& of June; while the northern h~mi..
Ipbere, in its tum, undergoes the drea.riness of winter, with ahort days and IODg
nlahto•

• This diagram and the accompanying explanations should be careful1y studit:u till
£'t-aeyare tboroughly understood by the learner. The cause 01 the 8etl-~OnS and of the
ClL.'CIuallengths of the dRyS and nightl!l, is a matter of which no profesged~y educated
per84J1'" oughc to be ignorant, or to entertain confused and indefinite notionsa By aU
lDeRnl If't this point be Itudied Ull the student can tell the cause of every particular phe~
D01DeDon ot the leaBODS and tIll" length of the day., without any particulu.r inter~·.J

plion.
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624.. By carefully observing the figure, it may be seen tost
the orbit of the Earth is slightly elliptical, that the SUli is to
the left of the center, anrl that consequently, the Earth is nearer
the Sun on the 21st of December, than on the opposite sille of
the ecliptie, on the 21st of June. This may seem strange to the
learner, that we should have our winter when nearest the Sun,
aod our summer when most distant j but it mast be remembered
that the temperature of any particular part of the Earth ii
not so much affected by the distana of the 8un, as by the direct­
ness or obliquity of his rays. Hence, though we are farther
from the Sun on the 21st of June than on the 21st of December,
yet, as the north pole of the Earth is turned more directly into
the light at that time, so that the Snn's rays strike her snrface
less obliqnely than in December, we have 0. higher temperatura
at that period, though at a greater distance from the Sun.

625. The difference, however, between the aphelion and peri­
helion distances of the Earth is so slight, in comparison with the
whole distance, as scarcely to canse a perceptible difference in the
amonnt of light received at her respective positions. The eccen­
tricity of the Earth's orbit, or the distance of the Sun from its
center, is only about 1,618,000 miles, so that the variation is
only 3,236,000 miles, or about om-tkirtit.tk of the mean distance.
The true orbit of the Earth could not be distinguished from 0.

circle.
The oDly ell'ect or the ecceDtrlclty of the Earth'. orbit UpoD her temperatDre I., that

she haa probably a greater degree of heat, during 8ummer in the southern hemIsphere,
when the: Earth Is at her perihelion, than we ever have at the north 111 the .ame lati
tude. But this jitTereDce must be very sllgbt, if ioclrod it I. at all percep~ible.

CHAPTER XV.

'fIIE HARVEST MOON AND HORIZONTAL MOON.

1526. THE daily progresfl of the Moon in her orbit, from west to
cailt, eanses her to rise, at a mean rate, 48 minutes ana 4.·1
seconds 'later every day thall on the preceding. Bnt in place!!
of considerable latitude, a remarkable deviation from this rnle

624. What laid of the form of the Earth'. orbit f 'Wher~ art: We nearest the 8un 1
Wby Is i~ Dot IheD the warmest iD lbe Uniled Slat.s? . 6211, What Is the awouDI ,r lh.
krth'. varlatioD iD distance from tbe Suo? What ctfec~ UpOD the light and heat of th(
fl:anh' &26. Suldect of thl. chapter? Ill.au rate of the Ill00D'. dllily delay \.0 rl.b,!:
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takes place, especially about the time of flA,rvest, when the fnll
\loon rises to us for several nights togethe=-, only from 18 to 25
minutes later in one day, than on that immediately preceding.
Fron. the benefit which her light affords, in lengthening out t11\;
day, when the husbandmp.ll are gathering iu the fruits of the
Earth, the full Moou, uuder these circumstances, has acquired
the name of Harr:lSl Moun.

Ilia believed that thl. fact "as observed by penon. engaged In agriculture, at a mncb
earl!er period than that In which It WK!I noticed by altronomers. The (ormer &scrlbt"d it
to the JIOOdoe•• of the Deity; Dot doubting but Ih"t he had .0 ordered it for their advaD­
ta,e.

627. About Le equator, the Moou rises throughout the year
with uearly the equal intervals of 48t minutes; and there the
harvest Moon ill unknown. At the polar circles, the autumnal
full Moon, from her first to her third quarter, rises as the Sun
~ets; and at the poles, where the Sun is absent during one-half
of the year, the winter full Moons, from the first to the third
qnarter, shine constantly without setting.

By thl., It I. nol meant that the Moon OOfttira_ full from he' lint to he' thIrd qua,
ter; but that she tMtHJI" MIll to the North Polar region., whE'o,·at th18 leaeon or the Tear,
.he I...ithin 110" of that point In he' orbit, "here .he I. al her full. In other "ordo, ;.
the Sun lIlun Jne. the BOuth pole during one-half of Ita yea,ly revolution, .0 the Moon,
being "'p~ to the tlun at her full, mu.t Illumine the op~~ pole, during half or her
revolutluD &hout the Earth. The phenomenon of the Harveat )loon lDay be thus exem­
plified by mean. of the globe.

Rectify the globe to the lalltude of the place, pul a patch or piece of "afer In the eclip
tic, on Lhe polnl Arle., and mark every 12" preceding and following that point., to the
number often or twelve mark. on each Bide of It; bring the equinoctial point marked by
the warpr to the ealwrn edge of the horllon, and let the Index to 12; turn the globe
....e8tw•.d Ull the other mArk. lucceuively come to the hOri~OD, and observe the hours
passed .Ver bY'the lndes i the Interval. of time between the mark! coming to the hori&on,
will sh if the diumal diO"erence of time between the )Joan's ri8ifl(/. Ir theBe marks be
Drought to the western edge 01 the horison tn the same manner, It lri1l show the diurnal
dUference between the Moon'. uftifig.

From thl. problem It "III aJBO appear, thaL, when there I. Ihe least dill'ereoce between
the tim•• of the Moon'. rUn1lf/, there will be the greateIL dill'erence between the Ume. or
her 36Uing, and she contrary. .

The rea.on why you mark every 12" la, thai the Moon gain. 12" 11' on the apparent
counl . r the SUD every daf, aud these mark. Berve to denote the place of the MOOD
from day to day. It I. true, thla proce•••uppo.e. Ihal lbe )Ioon revolve.~..~ pla...
of II.. ecllpUc, which I. not tbe ca.e; yet her orbit an nearly coincide. "Ith the ecliptic
(dille ring only D- 8" froni it), that they may, for the convenience of tllutitraUOD, be COD­
sidt!red .a coinciding; that ii, we may take the eciJptic for the repreaentative of the
~Ioon'. orbll.

628. The different lengths of the lunar night, at different lati­
tUdes, is owing to the different angles made by the horizon snd
different parts of tlJe Moou's orbit·; or, in other words, by the

What ,.ma,kable deviation f What I. the Moon then called, and why f Row anclentl7
was tJlls phenomenon observed f To what attributed? 627. Is the Ha.·Teat lUoOD.
ILno....n d tht- equa.~or? Howat the Polar circles? At the poles? Does she there eA:hi·
btt her usual phK8t.'!i? Can you illustrate the phenomenon ot the Harvest MOOD by a
110bet 828. To ... , I\t is lh~ different lengths or the lunar nlghu a.ttribl1tK.ble'
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Moon's orbit lying sometimes more oblique to the horizon than
at others.

In the I&titude of London, for example, al much of the eallptJc ril:eB ab 'ut. Pisces &DlJ
Arted in two houn al the )1000 goel through In lix days; therefore, whUe the MOOD il ie
theBe liglJI, she ditfers but t....o houn In riBiDI fur six day. together; tha' ii, one daJ
.nth another, sbe rf~1 about 20 minutes later every daY' thau on the preceding.

629. The parts or signs of the ecliptic which rise with the
smalle.d angles, set with the grtlLtest; and those which rise with
the greatest, set with the least. And whenever this angle is
least, a greater portion of the ecliptic rises in equal times thau
when the angle is larger. Therefore, when the Moon is in those
signs which rise or set with the smallest angles, she rises or sets
with the least difference of time; but when she is in those signs
which rise or set with the greatest angles, she rises or sets with
the great.est difference of time.

Let the globe, for example, be r""tllled to the latitude of New Yorl<, 40"~' 40', with
Caocer on th•• meridian, and Libra rising 10 the east. In thill position, the ecliptic has ..
high <levation, maklog an angle with the horlson of 12lf·.

But let the globe be turoed half round 00 its axl.. tlU Capricorn coma to th. merIdian,
and Ariel rise. tn the e&lt, then the ecliptic will have a loW" elevation above the horizon,
ma~lng l\D aogle "ith It of only V6lf·. Thl8angle ilI.l" leu tbaD the fonner angle, and
II equal to the distance bet"een the tropics.

630. In '/W1·twn latitndes, the smalJut angle made by the
,;cliptic and horizon is when Aries rises; at which time Libra
..ets ; the grrJatest is, when Libra l:'Jes and Aries setb. The eclip­
tic rises fastest abont Aries, and slowest about Libra. Though
Pisces and Aries make an angle of only 25,° with the horizon
IDMn tkg rist, to toose who live in the latitude of New York,
yet the same sigos, 1DMn tkg set, make I\n angle of 12to. The
daily difference of the Moon's rising, when in these signs, is, ill
New England, about 22 minutes; but when she is in the oppo­
site signs, Virgo and Libra, the daily difference of her rising is
almost four times as great, being about one hour and a quarter

631. As the Moon can never be full but when she is opposite
to the Sun, and the Sun is never in Virgo or Libra except in
our autumnal months, September and October, it is evident that
the Moon is nefer full in the opposite signs, Pisces and Aries,
except in those two months. We can, therefore, have only two
full Moons in a year, which rise, for a week together, very near
the time of sUllset. The former of these is called the HU1'1)est
11'10011" and the latter, the Hunltrs Mo01!.

629. Whal· laid or the aJlUz", under which the signs rise and set r Wbat result follow•
.. to timt: or 'he lloon'. rialing and ktting" How illultrate b,If)Qbe , 680. l\'len la
thf' angle smallest. in Dorth~rn latitudes? Wh~n gr~atest' What dltJ'erence or angle .1
Ult~ ri:;ing and settillg of Pi»c~~' Daily dUr~rence of the MOOD'S rIsing' \Vhen iu PiKUl
tl.n'" Ari~.s' '''"hat wlum in Virgo ~d Libra' 681. Wbl have we D.l& more \baa 01Jll'
UlJ<'OUt, and ODe DlmUr', HOOD In a lear r

~
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632. Althoug'J there can be but two fll,z;, Moons in the year
that rise with w little variation of time, yet the phenomenon
I)f the Moon's rising' for a week together so nearly at the same
time, occurs every month, in some part of her course or the
other.

In Wi"",,., tbe 11KUI Pi"""" and Ariel rile about fIOOII; hence the rilIng of the Moon
\a not then regarded Dor pp.rceived.

In Sprinf/, tb.... Ilgnl ruo U!iI.h IIwJ Sun, becaule h. II then In them; and as the Moon
obangel while paollng Ihrough tb. I.me lign wllb the Sun, 1\ mast then be '1&0 c1uJnfle,
WId hence invisible.

In Summe,., they rile about midnIght, when the Moon, 10 ,n ber Ihi,'d quarter. On
....ount of her riling 10 lale, and gI...ing bulHttl. light, ber riling pallel unobserved.

633. To the inhabitants at the equator, the north and south
poles appear in the horizon, and therefore the ecliptic makes the
same angle southward with the horizon when Aries rises, as it
does northward when Libra rises j consequently th3 Moon rises
and sets not only with angles nearly equal, but at equal intervals
of time, all the year round j hence, there is no harvest Moon &t
the equator. The farther any place is from the equator, if it be
not .beyond the polar circles, the angle which the ecliptic makes
with the horizon gradually diminishes when Pisces and Aries rise.

634. Although, in northern latitudes, the autumnal full Moons
are in Pisces and Aries; yet in southern latitudes it is just the
reverse, beeause the seasons ~ .re so :-for Virgo and Libra rise
at as small angles with the horizon in southern latitudes as Pisces
and Aries do in the northern; and therefore the harvest Moons
are just as regular on one side of the equator as on the other.

Al the polar clrclel, the mil Moon neither rllel In lummer, nor ..to In winler. For the
winter full Moon beIng .1 high In the ecliptic as the lummcr Snn, Ihe mnlt contlnne while
palling through lhe northern Ilgnl, MOIlolhe horlso.. ; and the lummer full )Ioon, being
&8 /,qtJ) In the ecliptic a9 the winter Sun, caD no more rile, when palliDI through the
louthern .1101, tb an he doe••

635. The great apparent magnitnde of the Moon, and indeed
of the Sun, at rising and setting, is a phenomenon which has
greatly embarrassed almost all who have endeavored to account
for it. According to the ordinary laws of vision, they should
appear to be least when nearest the horizon, being then farthest
from the eye; and yet the rever!le of this is fonnd to be truE'.
The apparent diameter of the Moon, when viewed in the horizon
by the naked eye, is two or three times larger than when at the
altitude of thirty or forty degrees j and yet when measured by
an instrument her diameter is not sensibly increased.

1\ll2. Doel not tlte MOOD rllla with little ....rlallon for le"'eral nlght8 In oucee..lon,
e ...ery month r Why not alwayl percei...ed r ll88. Why II there no Ilal"fJ#'.'ft MOON ".
the equator! 884. What laid or these lunar pheDoDlena In the Southern .SPDliBpbere'
•• Wilal laid of the apparenl diameter of the Moon In the borlson r dow ...beu



REFRAC1'lON AND TWILIGHT.

Both the Son And the )Ioon re&1I1 .obtend a greater angle when on the meridian, tban
tlJey do In the horlson; because they are th~n actually fl,&t"tJr the place of the lpeetatol'
lJy the whole teml-diameter of the Earth i and one rt:slon why they appear largest In
the horizon is, that they are then compared with terr"ltriaJ. objects, with wbose magni­
tude we are acquainted.

This apparent Increase or magnitude In the horl.lontal MOOD, is chiefly an opticallllu­
:..Ion, produced by the concavity or the heavens appearing to the eye to be a le.s portion
of a spherical surface than a hemisphere. The eye il acculltomed to estimate the dis­
tanCt: between any two objects in tile hell.vens by the quantity of sky that &ppean to Ite
between them; as upon the Earth we estimate It by the quantity of ground that Hell
between them. NoW' when the Sunor 1\Ioon is Just emerging above the ealtern hori.loq,
or sinking beneath the ....estero, the diJdanee of the intervening landscape OVer which
they are seen, contributes, together with the refraction of the atmosph~re, to exaGerate
our estimate. of their real magnitudes.

THE HORIZONTAL KOON.

636. Both the Snn and Moon are sometimes seen to be eltm
gated horizontally, when near the horizon. This is often the case
when the atmosphere is very dense. The canse of this pheno­
menon is this: All celestial bodies in the horizon are more or
.ess elevated by atmospherical refraction (See page 300) j and
the amnwltt of this apparent elevation depends somewhat npon
the density of the atmosphere as well as upou the altitude of the
object. When, therefore, the Snn or Moon are near the horizon,
and· viewed throngh a dense atmosphere, the refraction is great­
bstj and as their lower limb is seen through a denser strlLtnm of
atmosphere than their upper limb, its apparent elevation is
j:('reater, :lnd the object seems to beftattemd, while its horizontal
diameter is not sensibly diminished.

Thla pbenomenon and lIB oaOle m&1 be eUU11UOIuated b1 a diagram.

CHAPTER XVI.

REFRACTION AND TWILIGHT.

637. THE rays of ligbt, in passing out of one medium iuto
o.nother of a greater density, deviate from a straight course, and
are bent towards a perpendicular to that course j anu if the
density of the latter medium continually increase, the rays of

mCllllured'P 'When do theY subtend the Kl"ent.er an~le' Why appear lA!g'elllt ...hen tn
tI,e horioon r What other explanation given r 636. Wb"t I. m.ant by a Jlorinonlal
)loon r Tho ."OIe of this phenomenon r G.1T. What Is me~nt b1 the l''lfracUo1t. .,
';lIbt r What principle. govern Itr
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E

light in passing through it, will deviate more and more from a
right line as they pass downwards, or towards the eye of ~he
observer.

638. As air and water are both transparent, but of different
densities, it follows that, when light passes obliquely from t>nfl
to the othr.r, it will be
refracted. If it pass
from the air into the
water, it will be refract­
ed towards a perpt:ndicJl,.
10,1'.

Bere the ray A (J .trlk.. the
...ater perpendicularly. and paaaeo
directly throngh to B withool be­
!ng rerracled. But the ray D 0
Itrikes the water at C ('Ibllquel,. i
and instead of pa8'.!1ing straight
throuJth to E, is refraded at C.
a.rul reache8 the bottom ot the water at P. If, therefore, .. penon were &0 receive the
ray Into the eye al p. and to judge or the place or Ihe object from hlch the IIcbt ema-
nates rrom Ihe direction orthe ray C P, he ...0,1Id conclude thaI he the obJect al G.
W1I... he made allo...ance ror Ihe refraction or the light at C.

B
639. When light passes

obliquely from a denser
to a rarer medium, as
from water into air, it is
refracted from a perpen­
dicular towards a horizon­
tal.

Bere the lamp A .hln.. np
through water Into aIr. The ra7
that slrlke. the .urr"ce perpen­
dicnlar!y pa.... on 10 B ...Ithout
oeing refracted; but tne other n,.
Ihalleaye the ...aler obllquely are refracted to...ard a hort.l!ntal direction, In proportioB
to their distance from the perpendicular; OT, in other words, 111 proportioD to the
obliquity of their contact with the surface of the water.

04,0. In consequence of the refraction of light towards a hori­
zontal direction, in passing froll! water into air, a pole, half of
which is in the water, seems bent at the surface, and the lower
end seems nearer the snrface than it really is. For the same
reason, the bottom of a river seems higher, if seen obliquely, than
it really is j and the water is always deeper than we judge It
to be.

888. Ho... refracted by air and water' 1539. Ho... when light pa.... from d_ III
mrer media r 640. Ell'ect or rerraction upon object••een undl:1' ...aler'

•
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In thll cut, the oar, the blade of aF'lICT 0' k .....cn~
'hich 11 In tbt water, leema bent at the
aurface of the .ater. Th~ r.y8 of light
ptlsltng Crom tbe rart under water to
the surface at D, are retracted toward
Q harlann."l direction at that point,
and r~ccivnt Into the t1e or the ob­
lef'ier at J,;, who, JUdgtDg of the posi­
tion of the immersed portion of the oar
from the direction of the rays D B,
Jocatel the blade of the oar at C; thUJI
revenlng the elrect Illustrated at
188.

641. The refracting power of different transparent substances
depends mainly upon their density. Water refracts more than
air, glass more than water, and diamond most of all. But the
angle of incidence, or the obliquity of the contact of the rays
with the denser substance, has also mnch to do in determining
the amount of refraction.

642. By the aid of refraction,
we may see objects that are
6.ctually beJu:nd an opaque or
illtransparellt body.

Here the piece of money at A, at the
bottom of the cup. would be Invillble &0
the beho....... • B, If trle cup ".1 empty,
as the IIgllt from the mono, woald p_
from A to C; but when the oup II IIl1ed
with water, the Ught is rerract~d to B, and
the beholder IeCO the money apparently
atD.

C

/~/
---- ... / ..;

A

Whlte.•• ~.:/

V1olel... Ic=::==::::::::§~
Indigo.•
Bluo. ..•
GreeD ••
Yello......
Orange.
ReeL••••

643. By the
law of refrac­
tion, light has
been found to
consist of a com­
bina.tion of co-
lors. By pass­
ing a bea.m of
li~ht through a
triangular piece
of flint glass
l:alled a prism,
it is seen that
:. lme parts of

----

I

I
I
I

I

Ml. Upon ...hat do.. the r~fractln!l po...~r of dUl'erent transparent media d.,csad?
r04~. What oth.r elreet of refraction? 848. What dl_Ter)' by rofraotlOD? nO'S
a.......:~r

13*

j ,Coogle
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the light arll more refrangible than others, so that the light is
analyzed, or separated into its component parts or elements.

Let a ray .fUght from tbe Sun be admitted throuih a hole in the wlndcw shutter, A,
Into 8 room from which all other Ught is eXcluded; it will form OD & screen placed a lIttle
distance tn fl'('Ot, & circular image, H, of white light. Now interpose near the shutter a
glas8 prism, C, and the light, in pastliog through iL, w111 not only be refracted in the same
direction, both when it enters the prisw and when it leaves It, but the several rays 01
which white light Is composed will be separated, and will arrange in regular order on the
i"oreen, immediately above the image Ii, which w111 dis8l-lpear. The violet fay, It will be
!!t'en, is most refracted, and the red Jeast; the whole torming on tb ~ Beale an elongated
image of the Sun, called the IlOlar 1'peCtMJ4ll.-Jo/l,n.Mon.

644. It is the refraction of the clonds that gives the sky its
beautiful colors morning and evening j and the refracting power
of' the rain-drops produces the beautiful phenomenon of the rain-
~~ .

ATHOSPHERIOAL REFRACTION.

645. The refracting power of the atmosphere produces many
curious phenomena. Sometimes ships are seen bottom upwards
in the air, single or donble. At other times, objects really below
the horizon, 8.ll ships or islands, seem to rise up, and to come dis­
tinctly in view.

646. A very important effect of refraction, as it relates to
astronomy, is, that it more or less affects the npparer;~ places of
all the heavenly bodies. As the light coming from them strikes
the atmosphere obliquely, and passes downward through it, it is
refracted or bent towward the Earth, or toward a perpendicular.
And 8S we judge of the position of the object by the direction
of the ray when it enters the eye, we place ohjects higher in the
heavens than they really are.

ATII08PBJ:BIC"-L aBI'UCl'I~.

Let A, In tbe ent, repre­
,eDt the JJarth; B, the at­
IUosphere; C 0, the viaible
horizon; and the exterior
circle the apparent con­
cave of the heaveDI. Now,
8S the light paise. from
the stars, and strikes the
atmosphere, It Is seen to
curve downward, beea1111e
it strike. the atmosphere
?bliquely; anrl the air in ..
.,reaseS in densHy as we
spprcach the Earth. But
&s the amount of refraction depends not only upon the density, but also upon the obli­
quity of the contact, it is seen that the refraction is greatest at the horizon, and gradu..
:t.ll.,r dJminishes till the object reachel the senlth, when there is D() obliqUity. and the refr&C-

'" What olhe1 ell'ects of refracllon r ll4ll. Almooph.rlca! refraction 1 m,...w on
\or,uuial objel:!.'? (44. UllOn apparent plauel or ltan. Ac.?
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Jon 'ltt.,,11y ceases. The dark lines In the cnt show the true, and the dotted the appare,,,
~o.ltlon8.

In the cut, the depth of the atmosphere, &8 compared with the gJobe, is greatlyexag
qerated. Even allowing it to be 60 miJes deep, it is onlyioth of tht: semi-diameter of thtl'
Ijflobe, which is equal to only aooutT]2th of an inch upon a common 18-mch globe. But
I. was necessry to exaggerate, in order to illustrate the principle.

641. The amount of displacement of objects in the horizon,
~y atmospherical refraction, is about 33', or a little more thap
:he greatest. apparent diameter of either the Suu or Moou. I
,·.:>Ilows, therefore, that when we see the lower edge of eithe
appareT't:y resting ou the horizon, its whole disc is in reality below
it; ano. would be entirely concealed by the couvexity of the
Earth, were it not for refraction.
- 648. Another effect of refraction is, that the Sun seems to
rise about three minutes earlier, and to set about three minutes
ll1ter, on account of atmospherical refractiou, than it otherwise
would j thus adding about six minutes, on an average, to the
length of each day.

The atmosphere is said to be 80 dense about..the North Pole a8 to bring the SUD aboTt
the hortzon some days before he should apptlsr, according to calculation. In 1596, lome
Dutch Imvi~'\ton, who wintered at Nova Zewbla, in latitude 76", found that the Sun bel!:ul
to be vlslh!~ 17 days bdore It should have appeared by calculation; and Kepler computes
lhat the atmv!lphe:'ic refraction must have amounted to 0", or 10 timt'l &8 much: &8 willi UI"

649. The twilight of morning and evening is produced partly
by refraction, but mainly by reflection. liJ. the morning, when
the Sun ar.;vetJ within 18° of the horizon, his rays pass over
our heads wtu the higher region of the atmosphere, and are
thence reflectoo uown to the Earth. The day is then said to
be dawn, and the light gradually increases till sunrise. In the
evening, this process is reversed, and the twilight lingers till the.
Sun is 18° below the horizon. Tllere is thus more than an hour
of twilight both morning and evening.

In I.he arctic reglons, the Sun Is never more than 1S· below the horilOn; so that the
Iwilight continues during the whole night.

650. In making astronomical observations, for the purposes
of navigation, &c., allowance has to be made for refraction,
according to the altitude of the object, and the state of the
atmosphere. For this flrpose tables are constructed, showing
the amount of refraction :,)1' every degree of altitude, from the
horizon to the zenith.

647'. Amount of' dltlplacemenL of' cp.lestlal objects by refrR.ction' 'What follows"
648. Influence of refraction on length of days l' How about the North Polc l' 649. OaUM
of ft"nlight' 661.1. What allowfUlce (or refraction' Tablf'l'll'
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CHAPTER XVII.

AlJRORA BOREALIS AND FARALLAX.

651. 'I'HE sublime and beantiful phenomena presented by thE'
.4urora Borealis, or nortMrn lights, as they are called, have been
in all ages a source of admiration and wonder alike to the pea­
sant and the philosopher. In the regions of the north (ana
indeed ill many other places) they are regarded by the ignorant
with superstitions dread, as harbingers of evil j while all agree
ill placing them among the unexplailled wonders of nature.

These ltghts, or meteoric cOlUlCatloD., are more brilliant In the arctic regions, appear­
lug mostJr 10 the winter ....100 ..ou 10 frosty,.....th.r. They eommool7 ..ppe..r ..I tw!·
Ught near the horizon, and tome-Umes continue in 'hat It:l.te for several hours withollt;
an, seDsjble motion; after which they lend forth streams of atronger light., shootlns
with great velocity up to the iI~mlth, emulating, not unfrequentl1', the lightning in vivid·
ne88, and the rainbow in colorinM'; BDd agaiu, silently rising in a compact majestic arch
of stesdy whllt! IIl!ht, sppareotl7 durabl...nd Immovable, sod 7el .0 .TIUle.eeot, th..t
...hile Ihe beholder look. upoo It, i I Is gooe.

At other times they cover the whole ht"uIispbere with their flickering and fanta!t1c
coruscatioos. On these oecaaioul their mOllon. are amwogly quick, and they U&onlsh
the Ipectator with rapid cbanges of form. They break out in place. where none were
leen before, skimming briskly along the hell.venl; then they are BUddenly ~s:ttngu18hed,

leaving behind &D uniforI:D dll8k1 track, Which. again, 1. brilliantly illuminated in the same
manner, and &I .uddenlylcft a dull blank. ~ome nlghh tht"y assume the appearance of
vast columns; exhibiting on one side tint'! of the deept;:8t yellow, and on the other,
melting away until they become undistiugu.ishtLole frolD the lJurrounding sky. They
have generally a ItroDI tl'emuloUB motion frum end &0 end, which continue. till Oae whole
vanishea.

652. lIfaupertius relates, that in Lapland, "the sky was
sometimes tinged with so deep 11 red that the constellation Orion
looked as though it were dipped in bl09d, aud that the people
fancied they saw armies engaged, fiery chariots, and a thousand
prodigies." Gmelin relates, that, "in Siberia, on the confines
of the icy sea, thtl spectral forJlls appear like rushing armiell j
and that the hissillg, crackling noises of those aerial fireworks
so terrify the dogs and the hunters, that they fall prostrate on
the ground, and will not move while the raging host is passing.'

Kergud.en describes "the night between Iceland and the Fer:"'t)
Islands, as brilliant as the da,"-the heavens being on fire with
flames of red and white light, changing to columns and arches,
and at length confounded in a brilliaut chaos of cones, pyramids.
radii, sheaves, arrows, and globes of fire.

653. But the evidence of Captain PaTry is of more value

6111. Wh..t .aId of the .At....".,. Btwtali>' Ho... r.garued by the ignor..nt' WbU'fl
mool brilliaDI' 10 ...h"I ......th.r' De.orl,,"' 862. Obse""t1oD. of Mau]'«'Ci...,
OfINlin, ..odK~ , 868. Ob..rv..tion. of (Japl. I'ar'1l r
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tlJun that of the earlier travelers, as he examinen the phenomena
uuder the most favorable circumstances, during a period of
twenty-seven consecutive months, and because his observations
are uninflueuced by imagination. He speaks of the shifting
figures, the spires and pyramids, the majestic arches, and the
sparkling bands and stars which appeared within the arctic cir­
cle, as surpassing his powers of description. They are, indeed,
sufficient to enlist the superstitious feelings of auy people not
fortified by religion a~d philosophy.

654. The colors of the polar lights are of various tints. The
"ays or beams are steel grey, yellowish grey, pea green, celandine
green, gold yellow, violet blue, purple, sometimes ro~e red, crim­
son red, blood red, greenish red, orange red, and lake red. The
arCM'; are sometimes nearly black, passing into violet blue, grey,
gold yellow, or white bounded by an edge of yellow. The luster
of these lights varies in kind as well as intensity. Sometimes it
is pearly, sometimes imperfectly vitreous, sometimes metallic.
Its degree of intensity varies from a very faint radiance to a
light nearly equaling that of the Moon.

655. Many theories have been proposed to accouut for this
wonderful phenomenon. but there seems to be none which is
entirely satisfactory. One of the first conjectures on record
attributes it to intiammable vapors J.scending from the Eartb
into the polar atmosphere, and there ignited by electricity. Dr.
Halley objects to this hypothesis, that the cause is inadequate
to produce the effect. He was of opinion that the poles of the
Earth were in some way connected with the aurora; that the
Earth was hollow, having within it a magnetic sphere, and that
the magnetic effluvia, in passing from the north to the south,
wight become visible in the northern hemisphere.

656. That the aurora borealis is, to some extent, a magnetical
phenomenon, is thought, even by others, to be pretty clearly
established by the following considerations:

(l.) It has been observed, that when the aurora appears near
the northern horizon in the form of an arch, the middle of it is
uot in the direction of the true north, but in that of the mag
netic needle at the place of ubservation j and that when the
arch rises towards the zenith, it constantly crosses the heavens
at right angles, not to the true lIwgndic meridian.

8M. Wha' 'aid of Ule color" "'c., of theBe polar light,! 6.'\11. 11 'here a laUlfaclorl
esplanatloD "r th~se phenomt=Da.? What cOIJj~ctuJ"e1 Dr. H&11t"Y'. objection' His on
.iD,ruIHZ opl~ioD? ua.. What 8videDce~ llu,t the A'urora .BorO'l/'is 11 of macnettl
? r1l:1D !
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(2.) When the beams of the aurora shoot up so as to paSl!
;he zenith, which is sometimes the case, the point of their con­
vergence is in the direction of the prolongation of the dipping
needle at the place of observation.

(3.) It has also been observed, that during the appearance of
an active and brilliant aurora, the magnetic needle often ·become~

restless, varies sometimes several degrees, and does not resume
its former position until lifter several hours.

From these facti, it has been generally inferred that the aurora. is in Borne way coo­
lIecced with the Dlagnt:thlm of the EKrth; and that the simultaneous appear.nct: .. 1 the
mett:tJr, HoDd the diaturbance of the needle, are either rela.ted &s cause and t:Jfect, or &I
the comllIQR. r6lluU of aorne more general and unkno...n cause.

657. Dr. Young, in his lectures, is very certain that the pite
nomenon in question is intimately connected with e.lectro-mag·
netism, and ascribes the light of the aurora to the illnminated
agency of electricity upou the magnetical suustauce.

It may be remarked, tn support of the electro..magnettc theory, that tn magnetism, the
agency of electricity 18 now clea.rly established,' and it can hanlly be doubted that the
phenomeli.& both of t:lectrlcity and magnetism are produced by one and the sa.me cau8e;
inasmuch as magnetism mal be induced by electricllJ', and the e1cdl"ic apark bas been
drawn tram t.he magDet...

658. Sir Johu Herschel also attributes the appearance of the
aurora to the agency of electricity. This wonderful agency, says
be, which we see in intense activity ill lightning, and in a feebler
and more dift'used form traversing the upper regions of the
atmosphere iu the northern lights, is pre~eut, probably, in
immense abuudance ill every form of matter which surrounds UR,

but becomes sensible, only when disturbed by excitements of
peculiar kinds.

PARALLAX OF THE HEAVENLY BODIES.

659. Parallax is the difference between the altitude of any
celestial object seen from the Earth's surface, and the altitude
of the same object s.:cn at the same time from the Earth's cen·
tel' j or it is the angle under which the semi-diameter of the
Earth would appear, as seeu from the object.

~'he tr1l..e plare of a celestial body is that point of the heavens
in which it would be seen by an cye placed at the center of the
Earth. The apparent plare is that point of the heaveus when
the body is sccn from the surfacc of the Earth. 'fhe parallax

~7. Dr. YOUDIt'. opinion' What remark ill SUPPOI"t of his views' 058. Sir John
H~nchel'8 optnlou' &i9. ParaUax? True place of a cdel'Lial body' Apparent!
When paral1aJ; ,realeBI! LeaBI! Calle<lwbal. aDd wby' Whal o~e<ta lb. lll"""''''
paraJ.Jasf
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P£.....~x or 'fBB PL.UI&1'S.

of a heavenly body is greatest when in the horizon, and ill
thence called the horizontal parallax. Parallax decreases as the
body ascends towards the zenith, at which place it is nothing.

The adjoining cut will alford a sufllclent illustration.
When the observer, standing upon the Earth at A,
Yiew! the object at B, It appears to he at Of when, at
the l'lme time, if viewed from the cenwr of the Ea.rth,
It would !\ppear to be at D. The parallax is the angle
}\ CD or ABE, which Is the dltTerence between the
altitude of the object B, when seen from the Eanh's
!urface, and when aeen from her center. It la a180
the angle under which the oemf·dlamekr of the l:arth,
A E, 11 seen from the obJ ~"" B.

•~s the olUect advances from the horizon to the
""nlth, the parallax Is seen gradually to diminish, till
at P It has no parallax, or Its apparen t and true place
are the same.

This diagram wUl also show why objects ftMrut
the Earth hllve the (/r~~n parallax, and thoBe most
di~tant. the least i why the &lOOD, t.he nearest of aU
tilt: heavenly bodies, has the greatest parallax i while
the fixed stan, from their Immense distance, have no
appreciabl~ horizontal parallax-the semi-diameter
DC the Earth, at such a distance, being no more thaD & point.

660. As the effect of parallax on a heavenly body is to depress
it below its true place, it must necessarily affect its right ascell­
sic!l and declination, its latitude and longitude. On this account,
the par~llax of the Sun and Moon must be added to their
apparent altitude, in order to obtain their true altitude.

The true altltudQ or the Sun and Moon, except when In the lenlth, Is alway. affected,
more or less, both by parallax and refraction, but always in a contrar)· manner. Helice
Ute mariner, in finding the latitude at sea, always trdd8 the parallax, anrt ItUbtractif the
refraction, to and from the SuD'. ob8M"'fJ«l altitude, in order to ob~in the e,'1U altitude,
and thence the latllude.

661. The principles of parallax are of great importance to
astronomy, as they enable us to determine the distances (\f the
heavenly bodies from the Earth, the magnitudes of the planets
aud the dimensions of their orbits.

.The Sun's horizontal parallax being accurately -known, the
Earth's distance from the Sun becomes known; and the Earth's
distance from the Sun being known, that of all the planets may
be known also, because we know the exact periods of their
sidereal revolutions, and, according to the third law of Kepler,
the squares of the times of their revolutions arc proportional to
the cubes of their mean distances. Hence, the first great
desideratum in astronomy, where measnre and magnitude are
concerned, is the determination of the true parallax.

A t a eounctl of astronomers assemhled tn London sorne years, .inee, trom the IDC'lt

060. Elfect of parallax' How obtain true allltud~' How dilfer trom refr""tic,n'
Row then oblaln true alUt"d., 161. Ule o!parallax' How employed' No'et

Coogle
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learned nations in Europe, the Sun'1I mean horizontal parallax was settled, &I :...... 'ft.......
af their united observations, at O· O· B-.0776. Now the value of radius, eIpreued. :.-k•
..I.e tn seconds, Is 206264'.8; and Ihls divided by 8".~TT6, gives 24041 for the diatance.af
tht: Sun from the the Earth, in semi-dta.metera of the latter.- If we take the tJqualof"i.tll
lIemi.dtameter of the Earth, as sanctioned by the lame tribunal, at (79'24+2=) 8962 wUe.,
w••hall have 24041 x 8962=9~,218,869 miles .for the Sun's true distance.

.&. TABUI 0,. Tn BUIf's P.&.JlA..LI.,j,X 1M .&.LTlTUDB.

81J11L',
.AltU.

o
II

10
15
20
2~

80
85

40
45

Sun'. H07'U<mt<Jl Parall<1f1J. I~~~;~I SIVn'. IIorio<mtal Paralla...

"1-1-.-'
~~~~~.~~~~~

8.40 8.50 8.60 8.10 8.80 I 45 5.94 6.01 6.08 6.15 6.22
8.81 8.41 8.51 8.61 811 50 5.40 ~.46 5.63 6.69 5.66
8.21 8.81 8.41 8.51 8.61 511 4.82 4.88 U8 4.99 6.0.';
8.11 8.21 8.81 8.40 8.50 60 4.20 4.26 4.80 4.85 4.40
1.89 1.99 8.08 8.18 8.21 65 8.511 81>9 8.68 U8 8.12
1.61 1.10 1.19 1.88 T.98 10 2.81 2.91 2.94 2.98 8.01
1.28 1.86 1.45 1.63 1.62 16 lI.11 2.20 2.28 2.26 2.28
6.88 8.96 1.04 1.18 1.21 §l 1.46 1.48 1.49 l.ll1 1.63
6044 UI 6.59 6.66 6.14 85 0.18 0.14 o.n 0.16 0.11
6.94 6.01 6.08 6.15 6.2\! 90 0.00 0.00 0.00 0.00 0.00

662. The change in the apparent position of the fixed stars,
cansed by the change of the Earth's place in her revolution
around the Sun, is called their ann'u.a/, parallax. So immense
is their distance, that the 8emi-annual variation of 190,000,000
of miles in the Earth's di8tance, from all those stars that lie in
the plane of her orbit, makes no perceptible difference in theiJ'
apparent magnitude 01' brightne8s. .

The following cut wl1l Ull1ltrate our meaning:

B

~:.·~.·::~·········ij;::'-·~:.~:~iL.······_--_·_·_-_···_- -_ - - -_.
---"il

A--_...
Let A represent a fixed star In the plane of the Earth'. orbit, B. At C, the Earth I~

190,000,000 of miles nearer the star than It will be ILt D lis month! an~rward; and yet
this semi-annual variation of 190,000,000 miles tn the distance of th~ star is 80 Bmall a
fraction of the whole distance to it, &11 neither t.n increase OT diminish its apparent
brightne...

663. It i8 only those stars that are 8ituated near the axis of
t~e Earth's orbit whose parallax can be measured at all, on

66.2. What meant by Earth's a""ual parallafIJ' ElI'ect of variation 01 Earth'. die-
M t.be bed stars' Diagram. 668. Wbat .ta.. ha... per••ptlble )NlI"Il11as r
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account of its almost imperceptible quantity.
So distant are they, that the vl>riation of
190,000,000 miles in the Earth's place
causes an apparent change of less than I' in
the nearest and most favorably situated
fixed star.

Let A repreoent the Earth on the lot of January, and B a
ltar observed at that time. or course, ita apparent place in
Li.e more distant heavens will be at C. But in Blx months the
Earth ",ill be at D, and the star B will appear to be at E.
The angle A B D or C B E ",ill consUtute the parallactic angle.
In the cut, thl. angle amoun:.. to about 48-, wherea8 the real
parallax of the &tarB is leiS than 7?t:th of one degree, 01'

'!'rlooth part of thi. amount. Lines approaching each other
thus Blowly would appear parallel; and the Earth's crbit, if
filled with a ,lobe of Are, and viewed from the fixed stars,
"'ould appear but a point of light l' in diameter I For a
splendid diagram illustrative of tho annual parallax of the slars, .ee Map I., of lJJe AU....

ABERRATION OJ' LIGHT.

664. In the year 1125, Mr. Molyneux and Dr. Bradley fixed
up a very accurate and costly instrument, in order to discover
whether the fixed stars had any sensible parallax, while the Earth
moved from one extremity of its orbit to the other; or which
is the same, to determine whether the nearest fixed stars are
situated at such an immense distance from the Earth, that any
lltR.l" which is seen this night, directly north of us, will, six
months hence, when we shall have gone 190,000,000 of miles to
the eastward of the place we are now in, be then seen exactly
north of us still, -without changing its position so much as the
thickness of a spider's web.

665. These observations were subsequently repeated, with but
little intermission, for twenty years, by the most acute observers
in Europe, and with telescopes varying from 12 feet to 36 feet
in length. In the mean time, Dr. Bradley had the honor of
announcing to the world the very nice discovery made while
endeavoring to ascertain the parallax of the fixed stars, that
the motion of li~ltt, combined with the progressil'e 71wtion of tl.e
Earth in its orbit, cau.ses the heavenly bodies to be seen in a differ­
ent position from what they wou.ld be, if the eye were at 'fest. 'rhus
was established the principle of the Aberrati01£ of Light.

666. This principle, or law, now that it is ascertained, seem~

Amount' Diagram, and explanation. 664. What experiment by Molyneux 11.114
Bradley' With what r••nlts, 666. Whnt further observation. for the same purpold
What dl8covery made while investigating the su!liect of parallax' What I. the ab.,.,.,,,,
tlOft qfUgJU, 666 What remarks upon lJJep"'ndpu. or It,w .1 observation' Hew II!
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not only very plain, but self-evident. For if light be progres­
sive, the position of the telescope, in order to receive the ray,
mnst be different from what it would have been if light had
been instantaneous, or if the Earth stood sWI. Hence the pltioC€
to which the telescope is directlld will be different from the "rue
place of the object.

'I'he quantity of this aberration is determined by a simplll
proposition. The Earth describes 59' 8" of her orbit in ada)
=3548", Ilnd il'ray of light comes from the Sun to us in 8' 13"
=493": now 24 hours or 86400": 493: : 3548: 22" j whi~b

is the change in the star's place, arising from the caUBe above­
me'ltioned.

CHAPTER XVIII.

PRACTICAL ASTRONOMY-REFLECTION AND REFRAtJ­
TION OF LIGHT.

667. Practiml Astrunomy has respect to the mmns employed
for the acquisition of astronomical knowledge. It includes the
propel"ties of light, the structure and use of instruments, and
the processes of mathematical calculation.

In the preeeot treatiBe, nothing further will be attempted than a mere Intl"oduetioo tc
practical astrunomy. In a work designed for popular use, mathematical demouBtI'atioD'j
'Would be out fir place. Still, every student tn astronomy should know bow teleaeopes an
made, upon what law8 they depend for their power, and how they are ufled. It is for thLi
purpose mainly t:hat we add the following chapters 011 practical astronoWJ'

PROPERTIES OF LIGHT.

668. L1ght It! that invisible ethereal substance by which we
are apprised of the cxistence, forms, and colors of materia.!
objects, through the medium of the visual organs. To this sub­
tile fluid we are especially indebted for our knowledge of those
distant worlds that are the principal subjects of astronomical
inqlliry.

66\1. The term light is used in two different scnscs. It may
signi!:V either light itself, or the degree of light by whicn we are
cnahled to see objects distiuctly. In this last sense, we pnt light

the qll,flntity or aberration determined? 661'. Subject of Chapter XVIU.' What is
pr'Jctical fllltf'OflVtny' Bow far discussed in this treati&e? 668. Ddine lil'ht.. For
whal Indebted to It I 669. DUrerent senses In which the term Is l18ed I What kr
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in opposition to darkness. But it should be borne in mind, that.
dark11U8 is merely the absence of that degree of light which is
necessary to human vision j and when it is dark to us, it may be
light to many of the lower animals. Indced, there is more or
less light, even in the darkest night, and in the deepcst dungeou.

.. Tbose unfortunate Indlvid.uals," 1818 Dr. Dick, U who have been con.8ned In the dark­
est dungeons, llave declared, that thoul{h, on their first entrance, no oI\iect could be per­
ce!vcd. perhaps for a day or two, yet, in the course of time, as the llUpUS or their eyes
eApa:lUl~l, they could readily perceive rats, mice, and other animalt that InfeBtt"d thetr
cens, and likewise the walls of UJe!r apartments; which showl t.hat, even in luch situa..
Llous, light 18 present, aDd producn a certain delTee of Influence."

610. Of the nat"re of the substance we call light, two theo
ries have been advanced. The first is, that the whole sphere of
the nniverse is filled with a subtile fluid, which receives from
luminous bodies an agitation; so that, by its continued vibra- .
tory motion, we are enabled to perceive luminous bodies. This
WD.'! the opinioll of Descartes, Euler, Huygens, and Franklin.

The second theory is, that light consists of particles thrown
oft" from luminous hodies, and actually proceeding through space.
'l'his is the doctrine of Newton, and of the BriVsh philosophers
generally.

Without attempting to decide, In thl. place, upon the relative mertta of the.. two h7PO"
theiles, we .hall use tl.lose &.erma, for convenience lake, that IndIcate the actual p&8Bage
of light rrom one bod,y to anothtr.

611. Light proceeds from luminous bodies in straight lines,
and in all directions. It will not wind its way through a crooked
passage, like sound j neither is it confined to a part of the cir­
cumference around it.

A. the Sun ma" be .een from eve.,. poInt In the IOlar 'J'Btem, and far he.ce Into .pace
'.n every-direction, even till be appears but a faln~ and glimmering star, It is evident that
!Ie IIlla e..ery "art of thl.....t space W'1!.h hls be&ml. And !.he oame might be said of
every atar in the firmament.

672. As vision depends not upon the existe1lCt1 of light merely,
but requircs a certain degree of light to emanate from the object,
and to cuter the pupil of the eye, it is obvious that if we can,
by any means, concentrate the light, so that more may enter the
Poyc, it will improve our percept.ion of visible objects, and even
enable us to see objccts otherwise wholly invisible.

Some animals have the power of adapting their eyes to tbe existing degree of Ught.
The cat, hOnle, kc., can lee da.y or night; while the owl, that sees well 111 the night, Bees
poorly In the day· time.

673. Lig-ht may be turned out of its course either by r~ll~ctio71

dark"le.. ' Can It be dark and light at L'Ie .ame time? Is Ihere aoy place wilhon..
light 1 Quotation from Dr. Dick' 610. What theories of Ihe "atar. of light, and "t
Whom IUfJJlorted rel:ll'ectlvely! Remarlo: of author f 6TI. How light proo~et.l. rroD~

',"ninoUi bndle. f Radiations from Sun and stars' 612. How improve ...Ion,,,~
viii 1 Animals f 618. HoW'. lIlht turned out of Ita co....e ,
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or rifrtu.'wn. It isn.ftultd when it falls upon the highly polished
surface of metals and other intranspareut snbstances; and
,.tJradtd when it passes through transparent snblltnnces of diffe­
rent densities, ns already iIIustrated in Chapter XVI.

I

RI!:FRACTION BY GLASS LENSES.

674. .A. lens is a piece of glnss, or other transparent substanoo,
of such a form ns to collect or disperse the rays of light that
are passed through it, by refracting them out of a. direct coarse.
They are of different forms, and have different powers.

In the acIJ'>lnlng cut, "e bave an edge"I••
Yle" o! .Ill dlaerent leDlell.

A I. the plano-con".... or balf a double con-
Tes leD.; ODe aide being convex and the other A B

. plane.
B II a plaftD-oonca.,(!; one lurfact: belli' con·

cave, and tIle other pJane.
C I. a d<>UbI'-<:m"""" len., or one that ..

bounded. by two CODYeX .urfacel.
D .. a~oa", len•• or " circular piece

o! gl&11 hollo"ed out on both .Ide•.
E I. a COft.OO'IJO--COR"te lenl, .hOlSt curve.

durer. bat do not meet, I! produced.
r II a fJum~ or a. concavo--convex lens,

the cuneo of "boae .ur!.... meet.
lJUST a.&J'a.&.crm BY LX.,x:&.

675. .A. d01~bk-co'll~ex lens
conver~es paraIIel rays to a.
point caIIed the fOC1J,$; and
the distance of the focus
depends upon the degree of

corvt;xity. ~llllliiIn the lint of theR cnts, the Jenl"
quite thick. and the !oeno of tbe ra:JI fa
quite near; but the other being Ie..
conTu, the (OCUI 11 more distant. := ~

616. The di
focns of a drmbl
Jells is the rncli
of its convexit

1n 'hi. cuI. It
paruUel roy. A are
al C. by ti,e doubJ
con vexlr, (Jf w/.WI
to tLe cur"e o( 'he

Coogle
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un DIBPEUIttJ BY aDUCTIOX,

It mUlt be borne In mind, that
jlllht II rerracted both when It
enters, and when It lea tell a doable
convex. lens, and in both toatancea
fll the same direction i &Ddt MJ far
"" the distance or the focnl la
Cflncerned, to the BAme extent.
But when the len, III flonYeX onl,
on one Ilde, half Its refracllng
tJOwer 11 gone, so that the ra,..
&:e Dot 80 soon refracted. ttl a
focul. In :hl. case, the foc.l dis­
tance II equ.1 to the du,m<l8r of
the Iphere formed by .,.tendlng
lh~ convex lurface of' the lena;
while with the double-convex lens,
tho foc.l dlotance II only equal to
the radiu. of luch spher.. In the cut, the puallel r'yl A are rerracted to " focDS al
B, by the plano-concave lenl 0; and the distance 0 B II the diameter of ~e circle
D, fonned bj the convex lurface or the lenl 0 produced.

678. .A doubk-amt-
0.1 ce ·lens dispersu pIP
rallel rays, as if they
diverged from the cen­
ter of a circle formed
uy the convex surface
produced.

In thil cut, the paraUel raYI
A aredllpersed by the double- _~'
concave lens 0, as Sh.OWD at _~ ~~ ._.........
B; and their directJOD, .1
thw refracted, t. the same
Il8 Ir they proceeded from the point D, which II the center ot a alrcle tormed by the
<".(lDcave surface of the It:D8 produced.

679. Common spectacles, opera-glasses, burning-glasses, and
refracting telescopes are made by con.erging light to a focus, by
the use of double-convex lenses.

8UR!fllfG.oQLUL

ThO ordinary burnlng-glas" ....hlch may be
boought ror H. few Jlhi1linp, h! doubltH~ODV~X

di8k or r's I t"o or three ine-hello tlhlmetcr,
'UciD ed In .. 111gb! In ·l.ma trnm., wIth a hDn.
dl an ODe l!I'de. Old lobn.cco-unokel"t lOme·
tlln carry Ih~lJl In their pocke", la light 'htl.
Illp • ",lth ..hen lhe Bun Ihluet. 10 ather In·
ItRnce!, the,. hRV~ beun 10 pla.ced, 3 to fire n.
• nnoll h, cl••r .... lber. by Igniting thellflm·
;UIl II n o'clock.

The a.djoln\n! aut reprra nt! a lar.p:e burn ...
In -gl. con>orglng the ""y or the Sau Ie "
roeUf, aDd .tUlor eombwHble lublltn.ocell on

,...-_....... uch glu ha 'fc helJo made rUlwer fal
- ..", melL the WOlt refrac.tory l!IUbsl:mctll,

agate., "c. II A leo. three n:et In
~,.. Profe or Gray, U hal bc..·u
... cornelian tn 76 leC-ond8, ADd It

gate in 80 l6Coodl."

Coogle
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REFLECTION OF LIGHT.
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680. We have now shown how light may be turned 0'111 of its
course, and analyzed, dispersed, or converged to a point by
refraction. Let liS now cOllsider how it may be converged to a.
focus by rejlectiun.

When light falls upon a highly-polished surface, especially of
metals, it is rejlected or thrown off in B.ucT10B BY A PUG IlIIWOn.

0. uew direction, and the angles of
contact and departure are always
equal.

LeI A. B repr....11I the pollsh.d me&alllc surfact-,
o the lource of light, and the arrowl the direction
of the ra,. TheD D would repre...nt the BDgl. of
Incld.nc. or CODt.aet, and Ii: the BDgie of r.llection
or departure-which aDgI.. are seen to b. equ..l. A__'-__-o<'-- B

E

BEYLKCTIOJII BY .&. COJl'C.J,V& IIlBBWL
681. .A. concave mirror re­

flects parallel rays back to a
focus, the distance of which ~'F----""

is equal to half the radius of / ~
the sphere formed by the /

concave surface produced. ~Billillllll;IAI\I)In this CDI, the parallel raJ'll A fall ~\ ----
upon the concave mirror B B, and are
r.lI.cted to the focus C, which Is half
Ih. radius of the sph.re formed b,Ih. D
surface or the mirror produced. HI -0-----
therefore, it was d\..lirable to con.trud
a concaVe mirror, havtng Its focua 10 ===.J
feet distant, it would only be neceuary·
to grind It OIJ the circle or a sphere
baviDg a radius of 20 feet. B

682. In reflection, a por­
tion of the light is absorbed
~r otherwise lost, so thlit a
reflectol' of a given diameter
will not converge ItIl much light to 1Io focus as a donble-convex
lens of the same size. In the latter case all the light is trans­
mitted. Still, reflectors have been found of such power ItIl to

. melt iron, and other more difficult substances.
We have now considered 80 much of optics 88 hi neces!sry to an understanding of the

prJnclples upon which telescopp. are constructed; and, for fllrther particulaJ'l, shalJ
refer Ihu·.tudent to hooks aD Natural Phllooophy.

IISO. 'Vhat now shown In .thlo chapter! What De"t! Wh"t Is rrfl_dion., aDd Wh.D
10eo It take place! What I.w gov.rno It! Dlajlram. 6SI. 1I0w doeo a emtea'"
mIrror re.8eet parH.llel ray. I Distance of focus? Diagram. How would you construct
a coDcave mirror with a 10 feet focus! 682. I••.11 the light o.IllDg Dpon a pollBh':.'
BlIrlaoe refteetcd! What then r Cloolng 1I0te!
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CHAPTER xrx.

TELESCOPES-REFRACTORS AND REFLECTORS.

683. A TELESCOPE is an optical instrument employed in view·
ing distant objects, especially the heavp.nly bodies. The term
le,'.escope is derived from two Greek words, viz.,.tde, at a distance,
alld skopeo, to see. So far as is now known, the ancients ~ad no
knowledge of the telescope. Its invention, which occurred ill
1609, is usually attributed to Galileo, a philosopher of Florence,
in Italy. .

Th. dloc01le'" of tb. prlnelpl. npon which the refracting teleocop. Is eonstructed was
purely accidental. "he children or one JfII1lIJffl, a 8pectacl~-maker or Middleburgh, in
Holland, being at play in their father'. shop, happened to plKoe two glaBlles In such a
wanner, that in looking through them, at the weathercock of the church, it appeared to
be nearer, and much larger than usual. This led their father to fix the ~]a..e8 upon a
board, that the, might be ready for observatloll; and the newa of the discovery was Boon
con"eyed to the learned throughout Europe. GaWeo hearing or the phenomenon, 800~
discovered the Jecrd, and 1JUt the glasses in a tub~, in.tead of OD a board; and tlmB the
lirs. telescope ~'a8 constructed.

684. The telescope of Galileo was but oue inch in diameter,
and TIlagnified objects but 30 times. Yet with this simple
instrument he discovered the face of the Moon to hp. full of ine­
qualities, like mountains and valleys; the spots on tht: Sun; thn
phases of Vcnus i the satellites of Jupiter i and thousands of
new stars in all parts of the heavens.

NotWithstanding this propitious commencement, so slow was .he progTesl of the
telescope towards Us present state, lhat in 1816, Bouo1custle speaks of the 8O·fold mag:­
oifyill,lt: power of the tele8Cope or G&1ileo &8 U nearly lhe greatest perfection that thill
dud of telescope Is capable of In

685. If he be the real author of an invention who, from a
knowledge of the cause upon which it depends, deduces it from
oue principle to another, till he arrives at the end proposed,
then the whole merit of the invention of the telescope belongs to
Galileo. The telescope of Jansen was a rude instrument of mere
curiosity, accidentally arranged; but Galileo was the first who
constructed it upon principles of science, and showed the practi­
cal uses to which it might be applied.

It Is said thaI Ibe orIgInal telescope constructed by Galileo 10 still preoerTed In the
BritiBh Museum. A pigmy, indeed, in itl way, but the honored progenitor of a. race of
Joan.. '

686. The discovery of the telescope tended greatly to sustain

688. Subjeclof Chapter XIX.? Telescope? Derlntlou? AncIent or modern? In­
t'emtor? Incidents ot discovery? 684:. Galileo's telescope? Discoveries with it?
Pr"ll"ess l.u Ielescope maklnc? 68ll. Is Gallleo entitled to the honor of Inventing the
~, Wh.... Is his? 888. Relallon of diICOTO'" to C<ponllcan *-,? ElI'oeIo
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the Copernican theory, which had just been prowulgated, and ~
which Galileo was an ardent disciple. Like Copernicus, how
ever, his doctrines subjected him to severe persecutions, and he
was obliged to renounce them.

The folloll1ng .. bll renunclallon, made June 28, 1888: .. I, GalUeo, In the "'Teutleth
)"eu of my Ap, on bended kneel before your eminences, having before my eye! and
touching ..lth ml handl the HolJ GOlpell, I curoe and deleot the error oC the Earth'l
movement." A. he left. the colll"t, however, aner thll forced renunc1.tion, he I, laid to
have stamped upon the Earth, .lId exclaimed, U 1& does mOTe. after all!" Ten 7eILrs
after thi., he was ten' to prtlOD for the lame supposed error; aDd loon, his age adv.lIe­
I., the grave received 111m from the malice oC his persecutors.

DIFFERENT KINDS OF TELESCOPES.

687. Telescopes are of two kinds-&jltdOTI and Refradt>r$.
Refracting telescopes are made by rffractillg the light to a focus
with a glass lens (675) j and reflecting telescopes, by-rtjluting
it to a focus with a concave mirror (681). Besides this
general division, there are various kinds ooth of reflectors and
refractors.

Teleocopee .....t nllon In ..arlODl W&lo-l1rot, bl enlarging the nIDal anrle under
..hlch a dillint object II lOOn, and thnl marnlC,yIng that oli""t; a"d, """"udly, bl
con ...rgtng to a polnl more light Ihan could other..l.. enler the e:r..-l.blll rendering
otVec.1 dillinct or ..1.lble Ihal ..ould othenrtoe be Indl.tlncl or Invlllble.

All lhe lighl failing upon a Ilx or a I..elve Inch len. may be con..erged to a foclll, 10
al 10 be laken Into the human ele t!lrough the pupil, ..hlch i. bul one·Courth oC an Inch
In ,lIameter. Our ..1.lon I. thul made al perC""1 b; arl al IC oalure had r1..en ... a11ll1lJ
10 enlarge the e:re lIUlhe pnpll .... a Cool in diameter.

688. Refracting telesoopes may consist of a donble-convex
lend placed upon a stand, without tube or eye-piece. Indeed, a
pair of ordinary spectacles is nothing less than a pair of small
l.o1oocopes, for aiding impaired vision.

~~--~---

B'
ll../

~1__..c::....=. . ~__

Here lhe parallel ray. are .""n 10 pa.1 tbrough lb. Ienl at A, and 10 be 10 conver,""
to a poinl a. to enter the eye oC the beholder at D. RIA eye I. U,nl v1rlUall:r enlarged to
LIe lIiize of the lens at A. But it .ould be very dllllcult to direct luch a te1e11COpe toward
aele.tlal oqjeot81 or to get the e1f' !n the focul after It was thul directed..

---------
upon QalUeo," Bit reDunela.tln'" Death' 887. Klnll!! of telescopes' DC'tC'l"lh"
lI__leI ..Ilion' D1ao"'._,. 888. 1lI"''''••1 10.... eC r-frae.;n" ,,,,-",,,,,,,,,
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689. The GalikMl telucope consists of two glasses-a dou~
WfltItZ next the object, and a double-eoneave near the eye. The
former converges the light till it can be received by a smull
double-concave, by which the convergency is corrected (502),
and the rays rendered parallel again, thouKh in 80 small a beI\Iu
08 to be capable of entering the eye.

Bere the Ugtl' III lIOIl'l'el'pd b7 the lenl A. till I' can be recelnd b7 lbe doDbIe-eoncaYe
lens B, b7 wblcb lbe ra:r- are made to become a amall parallel beam tha, can enter Ib'
e7e al O. i'bll"as lbe form of lbe IeICICope constructed b7.ra........ and Imprond b7
Galileo; on ..bleb accollDlllll called lbeG~WMoopo. In \be oul, Ibe 1..0 le.n,,"
are repreaeuted as fastened to a bo<IrcI, as lin, ubIblted b7 Jauen.

690. The common astronomical telescope consists of two
glasses-viz., a large double-convex lens next the object, called
the ohjtd-glal,; and a small double-convex lens or microscope
next the eye, called the~. For the greater convenience in
using, they are both placed in a tube of wood or metal, and
mounted in various ways, according to their size, and the pur­
poses to which they are devoted.

A III lbe t1lJJocI-g"'-, B the ttV~. and 0 lbe place ..bere the 'nbe. In ..bleb lbe "7e­
piece III Ie&, Illd.. In and oal of 'be \arB" lube, to acllas& lbe eTC-pie.. to lbe foeal di.­
lance. B7 plACing lbe lenll8 In a 'nbe, Ibe e7e III 8&81l1' placed In lbe foo.... and the
obJec&-gIUB directed toward &D7 dellred 0111..1.

691. The object-glass of a telescope is usually protected, when
not in use, by a brass cap that shuts over the end of the instru­
ment i and the eye-pieces, of which there are several, of dift"er·

•• 9aMl«M6 teleocope r WhT called~, 8110. Ho.. aommon ABtroollllllCllll
~I""""JM!I ........ ' Wh;r lh lall'" 1III1.•8owo~ proteoted' Wh·" M'" "
l;l'Il-iAooeoI'

B.". 14
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cot. magnifying powers,
are so fixed as to screw
into a small movable tnbe
in the lower end of the
instrument, so 88 toadjust
them respectively, to the
rOt~us, and to the eyes of
different observers. Such
telescopes usually repre­
sent objects in an invert­
ed position.

The adjoining cut repr_ola tbe
Ilmples" form of a mounled rerrac...
tor. Tbe otUec&-g1allll at A, wbere
the br.. cap may be teen CoYer­
Ing IL B 11 tbe IDlall tube Into
which the eye-piece 11 screwed. and
wbicb 11 Dlo1'ed In and ont by 'he
.mall acre" O. Two eye-pieces
ma, be aeen at D--oDe short one.
rOJ: utronomlcal obBerYatloDB, and
a. 10DI one, for land objectll. For
viewinr the 8UD, U, la necessary to
add a IICreen, made of colored
gl.I.. At E. a bolt goes into lL

locte' 1D the top of the Btand, in
which It turDI. allowing the t~le·

ICOpe t.o .weep around the horiy.oD ; whUe tte jotnt, connecting the snddle In which till)
telescope ,,"to with the top orllle bolt, a1lowllttobe directed to any poiot between the
horizon and the &eDith. But luch Btands answer only (or compa.ratively.mall instruments.

692. Refracting telescopes are monnted in various ways.
80 important is it that they should not shake or vibrate, that, in
most observatories, the stand rests upon heavy mason-work in
no way counected with the building, so that neither the wiud
nor the tread of the observer can shake it. They are then fur­
nished with a double axis, which allows of motion up and down,
or east and west j and two graduated circles show the precise
amouut of declination and right ascension.

They are oRen furnllbed with clockwork, by wblcb the telelcope II made to 1I101'e
welitward just. &I faa&. as the Earth turns eaBtward; so that. the e.-eleatial olljeet helng
voce found, by letting the Instrument for Itl right allCension &Dd declination, or by the
"id of tl•• Finder-a Imall telescope attached to the lower end of the large one-It rnA",
be kept In view b1 the clockwork for any desirable length of time. A tel~8Cope tbu. fur..
ni.hed with right ascension and declination circles Is called an Equatorial, or ill said to
be eqt4UlorlallV mou.U«l, becalllo it Iweepl ealt and west In the bonenl parallel to the
equatol.

693. The object-glasses of telescopes are not always made of
a single piece of glass. They may be made of two concavo-coll­
vex glasses, like two watch crystals, with their concave sides

6G&. How rel'racton mouDted, lmd wby' When equatorial, and ...b)" 6llIi. JlO".'
'''!i='''.gla_ DlAde' Wb..t a t.ono, A 1J<MoI,ou leDI'
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l,owards each other, or with a thin double concave glass between
them. They are thus double, or triple; but when thus con­
structed, the whole is called a lens, 88 if composed of a single
piece. '

Lense. haTe al.o been formed by putting two conC&1'o-conl'e:I' glas.e. co~ther, and
IlIling the .pace bet"'een them with .ome transparent 1I11id. These are called.&Jrlqw
lenBes, from ·Prot. Barlow, their inventor.

694. As a prism analyzes the light, and exhibits different
colors, so a double convex lens may analyze the light that falls
near its circumference, and thus represent the outside of the
heavenly. bodies as colored. But this defect is remedied by
using discs made of different kinds of glass, so as to correct one
refraction by another. Refracting telescopes thus corrected are
called Aclllromatu telescopes.

.Achroma'", I. from tbe Greek a chroma. whloh .Ignille. de.tltute of color. Jrl.,.~
refractlngtele.copes are now .0 .on.tru.ted as w be achromatic.

695. It is but recently that auy good refracting telescopes
have been made in this country. The best havtdormerly been
made in Gennany and Franca; but a number of very fine instra­
ments have been made in this country,. most of them by Mr.
Henry Fitz, Jun., formerly of New York City. Several very
good instruments have also been made by Alvan Clark, Esq., of
Boston, and others still by Charles A. Spencer, Esq., of Troy,
N. Y. Mr. Fitz died in New York, No\ember 2'1, 1863.

1. Tbe antbor was personallr w,1I acqaalnted wltb Mr. FIt&, and during bl. life gav..
favorable de.crlptlun. of bl. In.truments In tbese pages, and did all that be cou1<1 w
make bl. eapabllitle. known w th, Am.rlcan public. He mad. bl. llrot telescope In
1S3ll. In lb. Willter 01 1844 h.ln".nted ametbod of perfe.ting obj••t-gl..... for ....tract­
Ing teIe.co.., .. m.klng the IIr.t on. of the bottom of .n ordlnuy tumb)',.. In tb. Fall
of IB4ll b••xblblled, .t lb. i'.ir of lb. Am.rlcan In.titute, an In.trum,'nt of 6lneb..
aperture, wblch••lth"ugb made of common Amerlc.~n m.terial. In tbe ....y of 61nt glass,
"'.... vory excen.nt Instrum.nt. Continually progre..ing In size, be IInally .ucceed.d In
m.klng In.truments of 161ncbea 8~Ure,Olle of wblcb la now In lb. po.....lon or lIill.
Van Duze.. of Buffalo. N. Y. He made two of 18 incbee-one for lbe Dudley Oboerva·
wry, .t Albany••nd tb. otber for an a••ucl.llon of gentlemen, at Allegb.n:v City. Pa.
Of 12 Incbe••perture. be l,rodu.ed one for tbe Obocrvot01'y at Ann Arbor. Mlcblgoo and
anotber for tb. Va...ar F"m.le Colleg.. He made for M. L Rutberford, of New Yurk,
at vartou. lImee, telescope. of 4,Of. tI, 9. and 111 Incb". aperture; the I..t, an In.trument
or remarkable ddlntng pO'v(l'r~ 18 DOW mounted in Mr. Rutherford's Observatory, fe.
Eleventb Street, N.w York City. Mr. VI.k..... of Baillmorel..bao a IO-ln.b. Several
01 the .Izc of S ond 9 Incbe. are ocattered over tb. country. Tb. Brltl.b Cbarg6 d'Af­
falre••t Montevllleo b•• a 9-lneb. Mr. CampilQlI, of New York, has an 8-lncb. Of a
larg. number of 6lncb.. allArlure, on" nry flne In.trument w.. ordered by tbe UnIted
Btate. G<,v.rnment, for LlouL GIIII•••• u\,<"titlon to Cblll; It I••till In tbe Observawry
of the ChiliaD Government. At about the MlBfo time, he made sDuther or the IRme aize
for Mr. Kubert Vall Andale,.of Ne.....k. N. J. Mr. Thorn.. i'. n.rrl80n, Prlncll..1.fth.
Public Gnunmar Bcboolln ureenwlcb Avenue, New York, hasanotber mount<od on lb.t
building.

2. Fur. lI.t 01 telescope. In tbl. conntry. wltb th. nam•• of tbeir respectin makera.
Ilcal length, size of obJe.t-glaeees, &0., ... tabI. on .ubeequent page. .

6lI~ What lllIId of tb. manufacture 01 teleaoopee.1 WIIM o&har Am........a ba... lIIlId.
tIaem 1 (Wba ..ltI of Mr. Fltz r Te1~ 1)
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69/i. The above cut represents an equatorial telescope mann
factured by Mr. Henry Fitz, of New York-the one u~d hy
too author in making most of his obsen·ations. Its object-

. glass is six inches in diameter, ~nd its focal length eight feet.
It is pelfectly achromatic, and performs all the tests laid down
in Dick's Practical Astronomer, as evidence of a good instru­
ment, with perfect ease. Under favorable circumstances, it
shows the sixth star in the trapezium of Orion, and to show
Polaris double is a very easy test indeed.

A l'Vftdw Ia ....n attacbed to the lower end of the I~ InstrnmenL It tUea ill a
.......,. 1I0id <If \'lew ill the beavens than tbe latwr. and enablel tho oblerver to look un
obj,,,,to nUl tMIlity. Ind brl.., them Into tbo told of tile larpr iaotnl_l

j ,Coogle
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m. PBILADII:LPJ[U. 1lIIJ'LL0l'01l..

697. This instrument is locaten in the Observatory of tho HIgh.
School of Philadelphia. . Its focal. length is eight feet, and its
aperture six inches-the same as the one on the preceding page.
It was made by Mern & Mahler, of Munich, and cost $2,200.

• We ... IDdebl<ld to the eoarteay ..t· M_ Harpt'r Brotbe..... ot New' York, fo·
""pl•••>( ""vera! ot thea euta from their Moathly Magazloe tor J uoe, 18116.

G9T The Pblladelphl& ref_tor r 51zG r Bv whom made r c<>.tr

j ,Coogle
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•
6S18. ThIs mstrument h8ll a focal length of sixteen feet, with

an object-glass thirteen-and-a-half inches in diameter. Its focal
length is therefore about four feet less than is uSllaI in the Mu­
nich i~struments of the same aperture. The flint and crown
glllSS discs for it were imported from Germany, and the instru­
ment was made by Messrs. Spencer & Eaton, of Canastota, N. Y.,
at a cost of *10,000. It is reported to be a very superior tcl~·

scope, and, in workmanship, is regdl'ded as fully equal to the
Munich instruments.

j ,Coogle
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OU£.T RU'RAarING T~LBaOOPI: AT ClNClNNA.n. 0810..
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609. The above cut represents one of the best telescopes in
the United States. It is located in the observatory on Moun~

Adams, near Cincinnati, Ohio, and was for several -years under
the direction of the late Prof. O. M. Mitchel, by whose instru­
meutality it was purchased and mounted.

Th.obJeet-/rlll8s I. abont 12 Inches In dlnmetcr, with a rocal dls13nce oC 17 reeL I.
....0. (ourcilllsed In Munich, GermaDy, In IS«, at aD eXJl'lnse oC nearly Un tlwtU<Uh.
dollars.

699. ClnclnDati refractor-where located' '{y whom purchased' (WheN' Whenl
('".U Blze and Cocal dlatance')

j ,Coogle



'100. TIllS superb instrument is mounted in tr." DutJ.ey Of>.
f;crvatory, at Albauy, 8IId is one of the mOit important instru­
ments in America. Its focal length is 15 feet II inches. The
object-glass, made by the late Henry Fitz, of New York, is 13
inches clear aperture, and the tube is of mahogany, constrnctcd
by glueing together strips of about an inch in width. A fihder,
or small telescope for finding objects, is lleen attached to the
lower end of the large-instrument.

--------------------- -

Coogle



r
REFRACTING 1'ELlI:8COPE8. 323

!'llK QaJU..T BQO"ATO&l4.L &U'.....oroa .AT OAllB!UDG& irA8&.

701. This is probably the best instlument In t.he United &tate~

Its object-gIa.'18 is 15 inches in diaml'ter, with a focal length of
22 feet 6 inclJes. It has eighteen difl'erent power!!, ranging from
103 to 2,000. It was made by Mel'z &. Mahler, of Munich, Ba­
varia, and cost $19,842.

The ent .how. the opening In the revolving dome of the obeervatory. and the obeerv..
!n hi. chair at tho eye-vleco.

Coogle
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TIOI AIl&A.'1 CBAlQ T.w..&800P-, ". A.ND8WOBTJI CO.lll.lllOX, N~ I.OlfDOl(.

702. This is the largest refracting teleRcope ever constructed
'l'he object-glass is two feet in diameter, with a. focardistance of
76 feet. 'l'he tube is of heavy sheet iron, and shaped somewhat
like a cigar. It is 13 feet in circumference in the largest pla~e,

nud weighs about three tOilS.
Thl. tele.cope II lu.pended from .. brick lower, 6Il feel high, 15 feel In dl"meler, .n~

we!gh:ng 220 tODS. The top of the tower, (rem which the telescope 18 lIulI;>ended, ....
,"olvel; and by a chain running al'er pUlleys, and a we1lht Rnd windlAss, It is bal..n~etl,
and ralat."t1 or lowen"d. The tower end resta on a small carrlaRe, th ...t run!l UJlOll 8 cirel.·
lar ru:lrosd arounel the to,n~r, at the distance of 02 feet from tt8 center. By theBe meant'
it Is directt"t.l to almoet allY point tn the heavens. It 18 called the U Cra.lg" ttit'ICOllC, In
honer of tile Rev. !tlr. CraiR, under ,,"ho~e directioD, and at ""hose expense, it was con­
ctructed. It I. located at "'Imdsworth CoDlDlon, near London.

----- - ---- --
11£ n..crlbe the Or..lg tel.ocope. 0lUccl g!uo' Focal dlltance' or -I..." How_oled' Wt.y ",,11.,1 ul1ral/l" leloaoope' Where Incatecl'

Coogle
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• 'l'B.Al(alT 1~8TBUllJDfT.

703. ! 1'ransit Instrument is a telescope used for observing
the tral."its of cclestial objccts across the meridian, for the pur­
posc of determining differences of right ascension, or obtainillg
correct time. They are mllmlly fl'om six to ten feet long, and
arc mounted UpOD a horizontal axis, bctween two abutments of
mason-work; so that. the instrumcnt, when horizontal, will point
exactly to the south. It will then take objects in the heavcns,
whclI they are exactly on the meridian.

The Transit Instrument and Mural Circle have been combined
in one instrument, called a Meridian Circle, as shown on a sub­
sequent page.

Let A D In the cut 1't'pre.ent tbe teletlCOpe, aud E and W tbo oast and west abutment&,
hetween wblcb It I. pla,·ed. On tbe len Is seen, attncbed to tho masou work, a graduated
circle; Rnd on the ("astern t'nrl of the axis uf th~ telesolpe is seen nn amI, 1&, extending
to thl! drclc. at' nn index. Nttw. fi.uJlp08e the tndt-x fI. to tw at 0, tn the Dppt'r llnrt of tl,e
ctr(~It'. wllfOn the (('lct'l'O{lt> is Iwrbwntnl; then it the merh.llnn nltftude of the uhjN:t. to he
to.kt'n is 10'" thl! 1"(lex must he !ntH"eU 10· from 0, Aa the degrees on the ch'clt~ nnll the
nltitudc uf the object wtIl correspond.

708. What Is a transit lnstrnm.nt' Siz.' How moullted' noscrlbe parts as ell"wII
In lb. Cllt. lIuw Nt lb. IDstrumcnt for til. altitude of • stur? What oolllblll:>th'n
"!,,,k.,n of?

Coogle
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704. This instrumcnt is located in the National Obsen'atory
at Washington, D. C. It is mounted upon piers of granite, which
rest firmly upon a foundation of stone, extending ten fcet below
thtl surface of the ground. The object-glass was furni~hed by
Merz & Mahler, and the instrument was constructed by Ertel &
Son, Munich. The entire cost was $1,480.

7'~l Wbrro loo"'ed! 110w mounted r B7 whom mA.h r Oont?

Coogle
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705. This is a snperior transit instrument, with a mural circle
attached. It is located in the east wing of the Dudley Observa­
tory, at Albany, N. Y., and rests upon piers of Lockport lime­
stone, which rest upon a bed of sand and gravel, 80me ten feet
below the floor of the cellar. Taken as a whole, it is probably
the bellt transit instrument in the United States.

l. A MU1'al arcl~ I. a 1IlrlIe frl'&dnated elrele, with a teleoeo!", eroealng Ita center, noed
for the mell3nrt>ment of lhe altitudes and zenith distance. IOf the heavenly bodl... at the
In.tant of their em.,lnl!" the meridian. They are nsnolly fixed uplln a horizontal axl..

. that turn. In a socket firmlj fixed In a north lIIld .ou th wolL The de,""e.. mlnnt...
and ~conds on tho cIrcle are relld by means of mIcroscope.. and IndIcate the a:Utude
of the ob)eet. The Mural CIrcle and a tran.lt Instrument, llll now combined, ..... called
a Mwid.an a,.ok.

700. Where loa....d' How monnted' Comparative Importance' What II • M",.CII.C¥rlJl.' Uad H<lw lIonaU) monntndl How oomblned' What call.wl'

Coogle



1:128 ASTRONOMY.

I. The old M1lI'&1 Clrel. u noW"bellDg rapIdly IUpnoeded by the Merldlau C!J'oIe In
the belt obeer'l'&torIe&

'706. A Comet Seeker is a re- A ClOJlIlT llEBUL

fracting telescope with a large
aperture and short focal distance.
As comets cannot be found by
their right ascension and declina­
tion, bijt often have to be
searched up, by sweeping around
the heavens with a telescope, be­
fore they became visible to the
naked eye, it is important to
have telescopes that will cover
considerable space-that is, of
wide aperture and short focal distance. Such a telescope was
made by Mr. Fitz for .Miss Mitchel, of Newport, R. 1.

MIss Mitchel Is 8D amateur astrouomer, and has the houor of having dIscovered anum·
ber of new comets.

"707. An Astronomical Clork is a clock adapted to keep exact
sidereal time. Taking the vernal equinox in the heavens as the
zero point, and reckoning 24 hours eastward to the same point
again, thc time-reckoning 15Q to an hour-when an object
crosses the meridian, will always represent the right ascension
i)f the object. Hence right ascension is usually given in hours,
minutes, and seconds j or in time by the astronomical clock, set
by the vernal equinox.

Profesaor MItchel, we belllev.. made aome valuable Improvements In astronom'cal
olocks. A very tine Instrument of thIs kind il located In the Dudley Observatory, at
AlblUly, N. Y.

REFLECTING TELESCOPES.

'708. The Reflecting Telescope is one in which the light is con­
verged to a focus by means of a concave metallic reflector or
~peculum. Like the Refractors, they may be constructed with
'fcry little mounting; though for convenience in use, it is neces­
bary to place the reflector in a tube.

The stnde"t .!>.~'llrl fl111y understand the nltrerence between the two klnn. of tel...
btXlpCs., viz.: rtjractorA Ilnd rtJlector&. In one r~:st>ect they are IIl1ke, M they both Clln·
vprge the rays of liJ!ht :0 a focus; but they uo it by widllly different processes, us the
following (Jag•• will .how.

'106. What I. a comet ,uJco.. ' Why ne..s..ry' 707. What 10 an 31tronomlcal
eluck' 70~ D"ocrlbo a rollecllng Iel••cope. Slmrle.t form'
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DIFFEREN'C ltINDS or TELESCOPES.

- - A

329

C

j\
10 thll cut, the llght A .. seeD pUllog from the object 00 the right, aDd faUlolf upon

the concave surface of the reftector at B, from which 1& 18 reflected back to a focus, and
coters lI,e ett of the o.....rver at O. Thil telelCOpe hal DO e:re-piece.

708. The focal distance of a concave reflector is equal to half
the radius of the sphere formed by the concave surface pro­
duced. Hence to grind a reflector for a focus-of 20 feet, it will
be necessary to hllye the curve that of a circle whose radius i~

40 feet.

B

D
~--

Here the CarTe of the speenlum B 18 that of a circle, whoBe eenh;~

t. 0; while the f,oCUS of the speculum II at D, which is ooly hal,
<La ,llstu.nce from B to O. -

709. Reflecting telt~s~opes are of several kinds-viz., the GTe­
l!()rWlIt, the NewlO'Tl.Ut'I/., the CMsegranian, the Herscltdian, &e
The Gregorian ReJli'....or has an aperture in the center of the
speculum, and a small concave mirror in the focns of the sp~cu­

om, which reflects the light back throngh the aperture to the
qe-piece. In this way the observer is enabled to face the
ohject. aud to direct the telescope toward it, as if it were 3

refractor.

TOIl. FUCR. dlsllnce' TOIl. Bow maoy klodl of rellectoro? D,"cribe the Grcsorinu.
\Vh)' ",,1"'<1 a·.gorlo .. f
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1)

P~ iit==----~:::::::I:===:]~
Here the light A falll upou the IpeculaUI at B, and fl rellected back to the Imall mIr­

ror C, by which It II thrown out through the Iperture In the lpeculum, to the e3 e of tho
oblerver at D. The object II loppoled to be oil on the rtght, In the direction towardl
which the Inltrument II pointed. It II called a Gr."lWian telelcope, after Mr. Jamee
GregorJ', wbo llrlt luggelted tbe conltructlon of rellecting telelcopel.

710. The Nl!:Wtonialn Reflector is so called after Sir Isaac
Newton, its inventor. Instead of a concave mirror in the focus
of the specnlum, he placed a plane mirror there, inclined so as
to reflect the light to the side of the tube, where it was received
bV the observer.

The light frOIll the lpeculum II here Ihown falllug upon the inclined mirror In the cen­
ler, and reflected out to the eye or the oblerver.

711. The Cassegramialn Reflector is so called from M. Casse­
grain, its inventor. It resembles the Gregorian, except that the
speculum placed in the focus of the reflector is CO'/Ivez; instead of
concave.

The H,erschelialn Reflector differs from all others, in having no
small reflector whatever j the light being reflected back to a
focns at the top of the telescope, and near the edge of the tube.
where the eye-piece is placed, and where the observer sits look­
ing into the mirror with his back to the object.

BKRSCBKLUlI TELBsOOPL

Here the concave speculum is Been to be Inclined a lIttle to the lower side or the tube,
'I'l that the parallel raJ'1 A are rellected back to the oblerver at B, at the .ide of the
.Instrument, where the eye-piece is placed.

no. New10nlan rell..tora? 111. Callegranlan' DtJrereacef lIenchellAn' Wl·."...
f~yr·l'lec8r ltow ObHTVvr .it?

14*
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712. The first telescope constructed upon this plan was thnt
by Sir William Herschel, in 1782. This was called his 20 feet
reflector, and was the iustrument with which he malie many of
his observations upon the double stars. In 1789, he completed
his forty fed reflector, nntil recently the larg:est telel'COpe eV~J

llonstructed.

IIIIl 1nUUJI IID80mn.'8 POaTY nn' IlIIIILBLTO:L

'113. The speculum of this instrument ill 4 feet in diameter, 31
inches thick, and w~ighed, before being ground, 2,118 pounds.

112. F1rIlt Herecbel"", teleoeope' Wbntcalled' Next' 718. Het1lCbel'. rorty reet
r.::.ctor' Blze orBpecuJum? Weight? Tn!>e? Length and Weight? How mOllnte~'

Coogle
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The tube is made of 8heet iron riveted together, and painted
within aud without.

Th. I.nl\'th ot th. tube Is 89 fe.t 4 Inches, and Its w.lght 8,260 poun~.. It I••I.vated
or lowered by tackles attached to Itron! frame-work; and the ObtltfVer, who 'ItII In Ii
chair at the upper end of lhe tube, and looks down into the reOector at tlIt bottom, III
rnised and low~red witb the instrument. Three persona are nec~lsal'J' .0 use 'his tel&­
Kope-aDe to observe, another to work the tUbe, and a third to note down the oble"a­
tlonl. A lpeaklng tube runl trom the observ.r to the houl. wbere the ualJI&anll are at
work. BT thll tel.scope, tbe Ilxth and .....oth satellites ot Saturn 11'..... dlacov.red.;
and It wal the chlet Instrum.nt nl.d by ill dllUognllbed own.r, In making the observa
tlons and dllco...rl," which ba... Immnr&aUzed bls name, and wblcb bave 10 abundauU)
....rIcb.d and advanc.d tbe ocl.nc. ot astronoroT·

LORD &088,11"1 ORI.&.T a~G 'I'BLB8OOPL

714. This is the largest reflecting telescope ever constructed
The speculum, composed of copper and tin, weighed three tons as
it came from the mould, and lost about -Ath of an inch in grinding.
I t is 5t inches thick, Rnd 6 feet in diameter. It was cast on
the 13th of April, 1842, and was cooled gradually in an oven for
16 weeks, to prevent its cracking, by a sudden or unequal redu~·

tion of the temperatnre. This speculum has a reflecting surfael'
of 4071 square inches. The tube is made of deal wood, one
inch thick, and hooped with iron. Its diameter is seven feet,
and its length 56.

The entire weight of this t.l.scop. Is tw.lve ton.. It Is mount.d between two north
a.nd t10uth wKIIN, ~4 r~et spurt. i2 r~~t long, and 48 (eet high. The loW'er end r~!lb upon
no unlvt'r~al hinllt'. It CHIl be lOl\'ered 10 the horizon, ILnd raised to the &eDith, and
luwer~d lIorthwurd till It takt'li tn the Pole Star.

Ob••rv.r Where? Us.fulness' 714. Lord Ros..'s telescope' Welgbl ot Ipc,"l1um~

DI~lD.ter? Tblckn...? Cooling' Tube? Kntir. w.lght? How mountc.l' WbAl
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O.SJ:BVATOJl.IEl AND 'I'BLacoP. Dr 'I'IB VKJ:Tm) 8TATJaI•
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.
THEIR TJr.LB8COPIIS.

O•••Vj,to.IEI" Wb..q Namoo! Fo~al A~J1D", of C..........- maker• lenglb. obJed ..l....-------
f't. In. Inchea.

V..le Colle~ ................... 1880 Dollond. 10 - II 11,000
Wesleyan n1n...lty............ 1686 Lercbour.. T - 8 1,000

WillIams COllege. ••••••••••••••• { 1888 Holcomb. '10 - rellector.
18112 A. Clark. 9 - T

Hudson, Ohio................... 1881 81mlllL II 8 '"Phil..delt>hla.................... 1840 Merz. 8 '" lit 1,900
West POInt ..................... 1841 Lerebou... 8 - 8
W..hlngton .................... 1844 Merz. III 8 9'8 8,000
Clnclnootl .................... " .. .. IT - 12 9.48T
Cambridge...................... 1846 .. 22 8 Ie. 19,842
D..rtmuuth College. ••••••••••••• 1846 .. 9 - 8''''
Georgetown ...... , ...•••••••••• 18411 81mlllL T 8 ""8 1,800
Erskine ........................ .. FlU. T - 1111 1,000
Sbelby ......................... 181lO Merz. 10 '" T'li ll,roo
Colnmbla ~ C.) COlleee ........ IBM FlU. 8 '" lit 1,200
Columbia ( ':;.1................ 1Br.2 .. II - '" 2211
Friends, Phil elphl............. 1848 .. T - II
Amll....t College................ IBM Clark. 8 8 it 1,800
Michigan Unlve...lty ............ IB:l8 FlU. IT - 12, 6,000
Dndley, Alhany, N. y ........... 18111 , .. III 2 18 a,roo
Hamilton Coll.ge ............... 1811, 8pencer. 16 - lSi 10,0007
J. Jackson, near Phllndelpbltl. .. 1846 -- 8 '" 6 3·10 1.888
Mr. Longstreet, Phlladelphl...... .. FlU. T - II 900
S. G. Gummere, Burlington, N. J. 1841 .. II - '" 4211

R. Vnnarad..le, Newark, N. J ..... p8llO .. T - II 700
1~1

.. 8 4 6f 1,000
W. 8. Van Duzce, Butl'alo, N. Y .. .. 11 - st 2,220
W. 8. DlcklehElkton\fy..... '" .. .. 6 - 4i 800
D. Mosman, angof, e. ............ .. .. II - '"

2211
J. C"Wj,bell, Now york ......... 18112 .. 10 - 8 1,100
L. M. utherrord, New york .... .. 9 6 9 2.200

rOBBION OB8BBVATOBIB8-TlIEtB LATITUDE AND LONOITUDE.

Lathu4e. LonjtUude In Time.

Alton ..
Arm.gh .
Berlin .
Brl1B8ele a a a
C..mb,irl,;e .
Cape or Good Hop~ .
Cupenhagen '" .
Du.,...t .
Dublin .
1_<1inbnrgb. .
GottinliCen .aaaa.aaaaaa ••••••••••••• a
Gr nwlch. .
Kun!l,sberg .
~iulllch. .•••••••• a•••••••••.• a.a ••••
Palermo •••••••• a •••••••• a •••.•••••• a
PhMS.aa •••••• a••• a •••••••• a •••••••.
J"ctt'rsburg . a _ a a.. . ••••••• a ••• a •••

Rome ....•.••...••.••• a ••••••••••••

Tnrin ••.•.••••.•••••••••••••••....
' ...iennB•.•..•..•. a ••••••••••••••••••

118
M
112
00
112
88
M
118
118
M
r.t
III
M
48
88
48
00
41
4:i
48

82
21
80
:it
12
116
40
22
28
61
81 .
28
42

8
6

00
116
118
4

12

4:i
12.7
16.7
10.T
111.8
8

118
41.1
13
28.2
41.9
88.2
00.4
4:i
44
13
29.7
M
8

85.11

N.
N.
N.
N.
N.
S.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.

h. m.
o 89
o 26

° 118o IT

° 01 18

° 110I 46
o 211
o 12

° 89o 0
1 22° 46o 118'
o 9
2 1
o 49° 801 6

E.
W.
E.
E.
E.
E.
E.
E.

W.
W.
E.

E.
E.
E.
E.
E.
E.
E.
E.

699. Publlo obaervatori.sln this country' Largest t~le8COpe' Tshl~' Pri..",~
oh...rvatolies-namea' Telescopes-by whom mootly made' What oth.r tabl. ?
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CHAPTER XX.

PROBLEMS A.ND TA.BLES.

PROBLEM I.

1'0 OOlfTBBl' DROBEB&, BTO., INTO TIME.

RULE L-Divide the degrees by 15, for hours i and multiply tho
h.:mamder. jf any, by 4, for mtnutes.

9. i>ivicie the odd minutes and seconds in the same manner by
15 for minutes, seconds, &C., and multiply each remainder by 4,
for the next lower denomination.

EXAMPLE I.-Convert 32° 34' 45" into tIme.

Thns, 32°+15=2h.
34 +15=
45 +1.5=

8'
2 16'

3

Ana. 32° 34' 45'=2h. 10' 19'

EXAMPLE 2.-If it is 12 o'clock at this place, what is the time
20° cast of us ,

Thus fifteen in 20°, once, and five over; the once is 1 hour,
and the 5 multiplied by 4, gives 20 minutes; the time is then
1 hour and 20 minutes past 12.

EXAMPLE 3.-The longtitude of Hartford is 72° 50' west of
Greenwich; what time is it at Greenwich when it is 12 o'clock at
Hartford ~ Ans. 4h. Slm. 20s.

EXAMPLE 4.-When it is 12 o'clock at Greenwich, what is tht'
time at Hartford-Y Ana. 7h. 8m. 40s.
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TO CONVERT TUlB INTO DBGBEBB, BTC.
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RULB.-Multiply the hours by 15, and to the product add ouo­
fonrth of the minutes, seconds, &C., observing that every minute
of time makes to, and every second of time i '.

EXAMPLB I.-In 2 hoUl'll, 10 minutes, and 19 seconds; how
many degrees'

Thus; 2h. 10m. 19.
15
30°

Add 10 qUarters, or t of the min. 2 30'
Add 19 quarters, or i of the sec. 4 45'

Ans. 32° 84' 45'

Ex. 2.-When it is 12 o'clock at Hartford, it is 4 hours,.51
minutes, and 20 seconds 'past noon at Greenwich; how many
degrees is Hartford west of Greenwich' .

Thus: 15 times 4 is 60-added to t of 51, is '12· 45', and
this increased by t of 20, is '12· 50'. Ans.

Ex. 8.-A Liverpool packet, after sailing several days from
New York, finds the time by the Suu 2 hours and 40 minutes
later than by the ship's chronometer: how far has the ship pro­
gIessed on her way'

Ex. 4.-A veSllcl leaves Boston, and having been tossed abonf._
in foul weather for some days, finds, that when it is 12 o'clock
by the Sun, it is only 11 o'clock and 50 minutes by the watch;
is the vessel east or west of Boston j and how many degrees'

Ex. 5.-The moment of greatest darkness, during the annular
eclipse of 1831, took place at New Haven, 10 minutes after 1
o'clock. A gentleman reports that it happened precisely at 1,
where he observed it j and another that it was 5 minutes after
1 where he saw it; Query. How far east or west were these
gentlemen from each other, and how many degrees from New
Haven'
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PROBLIUI DL

ro FIND WHAT STARS ARE ON THE MERIDIAN AT NINB O'CLOCX IN
THE EVENING OF ANY GIVEN DAY.

RULB.-Look for the given day of the month, at the bottom
of the maps, and all the stars having the same degree of right
lllleensi('Y). will be on the meridian at that time.

EXAMPLE I.-What stars will be on the meridian at 9 o'clock,
the 19th of January'

Solution.-On Map III. I find that the plincipal stars stand­
ing over against the 19th of January, are Rigel and Capella.

Ex. 2.-What stars :\re on the meridian the 20th of Decem··
bel' , Ans. Menm Rnd Algol.

PROBLBM IV.

ANY STAR BEING GIVEN, TO FIND WHEN IT CULMINATES.

RULE.-Find the star's right ascenlilion in the table, or by the
map (on the equinoctial), and the day of the month at the top
or bottom of the map will be the day on which it culminates at
9 o'clock.

EXAMPLE I.-At what time is the bright star Sirius on the
meridian'

Solution.-I find by the table, and by the map, that the rigM
ascension of Sirius is 6 hours and about 38 mmutes; and the
time corresponding to this, at the bottom of the map is the 11th
of February.

Ex. 2.-At what time is Alpheratz, in the head of Androme<b.
:m the meridian' Ans. The 9th of November.



r
PBOBLEMS AND TABLBB.

PROBLEM V.
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THE .wGHT ASCENSION AND DECLINATION OJ' A PLANET BBDlO

GIVEN, TO FIND ITS PLACE ON THE MAP.

RULE.-Find the right ascension and declination of the planet
un the map, and that will be its place for the given day.

EXAMPLE 1.-Venns's right asccnsion on the 1st of January,
1833, was 21 hours, 30 minutes, and her declination 1610 BOuth;
required her situation on the map'

Solution.-On the right hand of the Plate II. I count off 161°
from the equinoctial, on the marginal scale south, and from that
point, 30 minntes to the left or just half the distance between the
XXI. and XXII. meridiau of right ascension, and find that
Venus, that day, is within two degrees of Delta Capricorni, neal
the constellation Aquarius, in the zodiac.

Ex. 2.-Mal'll' right ascension on the 13th of March, 1833, i~

5 hours, 1 minute, and his declination 241° north; rcquired his
situation on the map'

Solution.-I fiud the fifth hour line or meridian of rIght ascen­
sion on Plate IlL, and counting upward from the equinoctial
241°, I find that Mars is between the horns of Taurus, and abont
5° S. W. of Beta Auriga!.

Ex. S.-Required the position of Jupiter and Saturn on thll
l3tl> <?f February and the 25th of May'

PROBLEM VI.

TO FIND AT WHAT MOMKNT ANY STAR WILL PASS THE MERIDIAN ON

A GIVEN DAY.

RULIl:.-Subtract the right ascension of the Sun from the
IIt..'lr's right ascension, found in the tables: observing to add 24
hours to the star's right ascension. if less than the Sun's, and
the diffe.rence will show how many hours the atar culminatell
after the 8nn.
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R. A. of Sun, 24th Feb.

EXAMPLE I.-At what time will Procyon pass the meridian 00
the 24th of February?

Soluticm.-R. A. of Procyon, '1h. 30m. 33s.+24h.
81 30' 83'
22 29 1

Ans. 9 1 32
That is 1m. 328. past 9 o'olock in the evening.

Ex. 2.-At what time will Denebola pass the meridian on the
first of April?

Solution.-R. A. of Denebola is
R. A. of Sun, April 1,

Ilh.40' 82'
o 41 25

Ans. 10 59 '1
That is, at 159 minutes, '1 aeconds, past 10 in the evening.

Ex. 3.-At what time on the first day of each month, frOw.
January to July, will Alcyone, or the Pleiades, pass the meri­
dian'

Ex. 4.-At what time will the Dog-Star, or Sirius, culminato
on the first day of Jauuary, February, and March'

Ex. 5.-How much earlier will Spica Virginia pass the meri
dian on the 4th of July, than on the 15th of May?

Ans. 3 hours, ~5 minutes.

PROBLEM VII.

ro l!'IND THE SUN'S LONGITUDE OR PLAOE IN THE EOLIPTIO, Oli Ar~

GIVEN DAY.

RULE.---On the lower scale, at the bottom of the Planispbere
(Map VIII.) look for the given day of the month j then the sign
and degree corresponding to it on the scale immediately above it
will show the Sun's place in the ecliptic.

EXAMPLE I.-Required the Sun's longitude, or place in the
ecliptic, the 16th of September.

Solution.-Over the given day of the month, September 16th,
stands 5 signs and 23 degrees, nearly, which is the Snn's place ill
the ecliptic at noon on that day j that is, the Sun is about 23
:legrees in the aign Virgo.
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N.B.-If thn :> Ilgnl be mnltiplled bJ' 80. and the 98 degreea be ,~lded to It, " 'lI1ll Pt.""
'10. lonr!tnde In degreeo, lT8.

~X. 2.-Required the Snn's place in the ecliptic at ooon, 01:
t,he 10th of March.

PROBLEM VIIL

• &hlI:N THE SUN'S LONGITUDE, OR PLACE IN THE ECLIPI'IC, TO FIND HIB

RIGHT ASCENSION AND DECLINATION.

RULE.-Find the Sun's place in the ecliptic (the curved lice
which runs through the body of the planisphere), and with a
pair of compasses take the nearest distance between it and the
nearest meridian, or hour circle, which being applied to the gra­
duated scales at the top or bottom of the planisphere (measur­
ing from the slime hour circle), will show the Sun's right ascen­
sion. Then tllke the shortest distance between the Sun's place
in the ecliptic a"i the nearest part of the equinoctial, aod apply
it to either the el.st or west marginal scales, and it will give the
Sun's declination.

EXAMPLE I.-The Sun's longitnde, September 16th, 1833, i~

5 signs, 23 degrees, nearly; required his right ascension, and
declination.

SolutWn.-The distance between the Sun's place in the eclip­
tic and the nearest hour circle being iaken in the compasses, and
applied to either the top or bottom graduated scales, shows the
right ascension to be abont 11 honrs 35 minutes; and the dis­
tance between the Sun's place in the ecliptic, and the nearl'st
part of the equinoctial, being applied to either the east or west
marginal scales, shows the decliuation to be about 2° 45', which
is to be called north, because the Snn is to the northward of
the equinoctial; hence the Sun's right ascension, on the given
day, at nOun, is about 11 honrs 35 minutes, and his declination
2° 45' N.

Ex. 2.-The Sun's longitude, March 10th, 1833, is 11 signs,
19 degrees, nearly; required his right ascension and declinp
',ion?

Ans. R. A. 23h. 21m. DecL 4° 11' nearly.

PROBLEK IX.

ro FIND THE RIGHT ASCENSION OF THI': llERlDlAN AT ANY IHVEN TIKE.

Rr::u.-Find the Sun's place in the ecliptic by Problem IX:!
:mo hiB l'l~ht IIIIcension by Problem :;~., ro the ea!ltwllro 6\



which count off the given time from noon, and it Willllhow tht'
right ascension of the meridian, or mid-heaven.

E:LUIPLE I.-Required the right ascension of the meridian !.
hours, 25 minutes past noon, September 16th, 1833 ?

Solution.-By Problems IX. and X., the Sun's right ascen­
sion at 1l00U of the given day, is 11 hours 35 minutes j to the
eastward of which, 9 hours and 25 minutes (the given time)
being counted off, sholVs the right ascension of the meridian to
be about 21 hours.

Ex. 2'.-Required the right ascension of the meridian at «
hours past uoon, March 10th, 1833?

Solution.-By Problems IX. aud X., the Sun's right ascension
at noon of the given day, is 23 hours alld 21 minutes; to tht
eastward of which, the given time, 6 hours, being connted off',
shows the right ascension of the meridian to be about 5 hours,
21 minutes.

Il.uu....-ln thi. example, It ma7 be neeeas....,. to oberTe, that. where the eastern, OJ
left.hand extremity of the plaJ,ispht!re leaves off, the westt:ro, or right-baud extremit7
besiDe; therefore, ill counting off the given time OD the top or brottom graduatc:d scales,
Ule reckoning it to be transr",rred from the left, and completed on 1.be right, all if the two
oucaide edgeM of the planl8phere were joined together.

PROBLIUl X.
1'0 FINO WHAT STARS WILL BE ON OR NEAR THE MERmaN, AT ANT

Gl VEN TIME.

RUI.E.-Find the right ascensiou of the meridian by Problem
XI., over which lay a fuler, and draw a pencil line along its
edge from the top to the bottom of the planisphere, and it will
show all the stars that are 011 or near the meridian.

EXAMPLE I.-Required what stars will be on or near the
meridian at 9 hours, 25 minutes past noon, Sept. 16th, 1833?

Solution.-'fhe right ascension of the meridian by Probiem
Xl. is 21 hOIll's: this hour circle, or the line which passes up
and down through the planispherl!, shows that no star will be
directly on the meridian at the given time; but that Alderamin
will be a little to the east, and Deneb Cygni a little to the west
of it; also Zeta Cygni, and Gamma and Alpha in the Little
Horse, very near it on the east.

PROBLEM Xl.

TO FI:;'D THE EARTH'S MEAN DlSTA!"CE FROM THE SUN

ItOLE.-As the Sun's horizontal parallu.x is to radius, so it'
tbe smui-diameter of the Earth to its dis:auee from the Sun.
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Add log. of the J:I!rtb'. mean dlatauoe,

By Logaritkms.-As tangent of the Sun's horizontal parallnx
ill to radins, so is the Earth's semi-diameter to her mean distant>e
from the Snn.

S".lITT6: 9OI264'.S: :ll962: 1I5,2Tl1,B69 mile••
By LogarUh"...

A. Iangent of the Sun'. horizontal parallax, S".lITT6= 6.81~
Ia to radlul, or toe, =10-00000oo
So I. the Earth'l oeml-dlameler. 8V611= 8.6979148
To the Earth'. dillance, 95,178,889= 1.9788788

-PROBJ.EH XII,

1'0 FIND THE DISTANCE OF ANY PLANET FROH THE SUN, THAT OF THE

EARTH BEING KNOWN.

RULE.-Divide the square of the planet's sidereal revolution
I"onnd the Snn, by the square of the Earth's sidereal revolution,
and multiply the cnbe root of the quotient by the Earth's mean
distance from the Sun.

By Log(J,rith~.-From twice the logarithm of the planet's
sidereal revolution, subtract twice the logarithm of the Earth's
sidereal revolution, and to one-third of the remainder, add the
logarithm of the Earth's mean distance from the Snn.

EXAIfPLB.-Requlred Herclll7'. mean distance from the Sun, that of the Earth beIDa
9ll,218,869 mile•.

Mercury'••Idereal revolution I. 87.989258 dal.. or 7800M8' .8912: the Earth'••iderelll
...volutlnn II 866.266814417 dal', or

815581ll1".5 7800M8.9
81558161'.lI 1800M8.9

99691698209896226 bl ....hlch divIde 67768267676827.21
and the quotient ..111 be 0.062000106718291, the cube root of ..hlch I. 0.8810917, and thll
multiplied by 114,8S1 ,881, givel 86,727,807 mile., for Mercury'. di.tance from the San.
Thl. problem mal be performed bJ logarltbma In u manJ m4nutu a. the former method
require. llmw•.
Mercnry'. Sid. Kev. 16OOli48".9 log.=8.8808441.1 18.1616894
Earth'l SId. Kev. lI1M811W. log.=7.49918O!¥1 14.9982604

Js)-2.7684'190

1.681S01l7
7.9189188

Merc:ury'l dlltance, 86,880,422. AUI. 7.6667586
If lhe pupil have not a!readyleamed lhe uoe of lotrarllhml, thll problem ..ill .ati.fy

him of their unspeakable advantage over aU other modes of computation. By reTlewing
the above calculation, he ..Ill perceive that inltead of multyplying 81558161'.6 by itlelr,
he need only multiply Its logarithms by two I and Instead or extracting the cube root of
0.01l60N,106118292, he need only divide lllliogarithm by tAr... r and lnltead of multiply.
Inl 0.88'U911, by 96,278,869, he need only add their lo!\,arlthml logether. Ue need not
think hlmoe!f a dull Icholar, if by the former method he come to tbe true r.lult in~
/l,m,r.; uor remaroblJ quick, It by the latter he come to It IDflN flOiAuUa.

PROBLEM xm"

TO FIND THE HOUBLY HOTION OJ' A PLANET IN rrs ORlIIr.

RULE.--MnItiply the planet's mean distance from the Sun hi
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IH1831853, and divide the prodnct by the time of the planet']
sidereal revolution, expressed in hours, and the decimals of an
honr.

By Logarithms.-Add 0.7981799 to the logarithm of the ~
planet's mean distance from the Sun, and from the sum subtract
the logarithm of the planet's revolution expressed in hOUfS.

i:l<4IlPu.-Requlred the Earth'. bourl7 motion In lIB orbit.
Log. 01 Eartb'. dl.tance=1.lI1S0188 +0.19817119= 8.TTTlllllT
Subtracl log. of Eartb's revolution 8.9428090
GIYes Earth'. borar7 mallon, 68,288 miles, 4.884ll4.it

PROBLEM XIV,

8.0110106

llabtract log. d1lt1'Dal rotation, 1I8b" M' 4'.01 =

..... IlNO.ot mDe' ==

TO FIND THE HOURLY MOTION OF A PLANET ON rrs AXIS.

RULE.-Mnltiply the diameter of the given planet by 3.14159,
and divide the product by the period of its diurnal rotation.

By Logarithms.-Add ~.053452~ to the logarithm of the
planet's diameter, and from the som subtract the logarithm of
Its diurnal rotation, expressed in seconds..

Eartb'. diameter, 11124 log. = 8.8989441i
Add log. of lIGOO' + log. or 8.141511 = 4.0M4M4

1.9l1\!8V69
4.98:l8288

PROBLEM xv.

TO FIND THE RELATIVE MAGNITUDE OJ' THE PLANETS,

RULE.-Divide the cube of the diameter of the larger planet
by the cube of the diameter of the less.

By Logarithms.-From three times the l~arithm of the
larger, subtract three times the logarithm of the less.

h.utPLII.-How mnch doe. the size of the Earth es.ePd Ihal of the Moon'
Earth'. diameter. 71119 lug. 8.8982868 x 8= 11.6lI4S:lS9
Moon'. dlam.ter 1I160 wg. 8.ll843S76 x 8= 10.0080128
The Earth exceeds the IIlOOD, 49.180:> limes. An.. 1.6918461

In thl. example, 1919 mile. III a ••umed a. the fMtln between the Earth', eqUAtorlal
and polar diameter: the former being TII24, and the lalter 1898 mile..

PROBLEM XVI.

TO FIND THE PROPORTION OF SOLAR LIGB'l' AND HEAT AT EACH OF
THE PLANETS.

RULE.-Divide the square of the planet's greater distanl"e
from the Sun, by the square of the less.-Or, subtract twico the
logarithm of the greater distance from twice the logarithm of
the lel!8.

,



1.llTS9T88 • 9= II1.lNiT94TI
T.lII61lNill.9=ll1.183l1l118

O.lI948llll8

\'ROBl.&JUI .4JrD T.UII••a.

gU.JlPLE.-How much greater is the Sun'. light and heat at
Mercury, than at the Earth?

Lol. of Earth'. dll~.e
.. of Mercury'.

An•• e.IT8lIllm•• greater=

PROBLEM XVII.

TO FIND THE CIRCUIlIFERB:l\CB OM' TlIE J'LANET8,

RULE.-Multiply the diameter of the planet by 3.14159, or,
add the logarithm of the planet's diameter to 0.4911499.

PROBLEM XVIII.

TO J'lND THB: CIRCUMFBRENCE OJ' THB PLANETARY ORBITS.

RULli:.-MuItiply the planet's mean distance from the Sun by
c.2831853 j or, to the logarithm of the planet's mean distance,
Ikld 0.'I98l'l99, and the sum will be the logarithm of the answer.

PROBLEM XIX.

fO rIND IN WHAT TIME ANY OF THB PLANBTS WOULD J'~LL TO TIlB

SUN, IF LEFT TO THB FORCE OF GRAVITATION ALONB.

}{uLE.-Multiply the time of the planet's sidereal revolution
by 0.1 'I6H6 j the result will be the answer.

B'g Logarithll1l1.-From the logarithm of the planet's sidereal
revolution, subtract 0.1525'150, and the remainder will be the
logarithm of the answer, in the same denomination as the side­
real revolution.

Required the lim.....pecllnJ,,1D which the Mveral p!aDelIlfOa1d ran to the SUD .,
the force 01 Iravi\J.

-
Planell would fall'" the SWI. 0.,.. U. II. S. Lorar11bmL

M.ercQI7, III 13 13 16 6.1~68lI

Venus, 311 11 III 99 6.lI3lIMlU
Earth, 64 13 3S 6Il 6.l4GM:.l
Mar., 121 10 86 8 T.Oi08811
,Jupiter, 9611 21 88 8li 1.8206849
Baturn, 1901 23 lU " 8.21111181
Herachel, li4lU 16 119 1 8.6T0llSlIT
1I00u to the EartIl, " III 64 liT lI.IIlIlM4IlI




