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by a vover beyond tie sun's gontrol never to return, unless
~eterdéed by scme of the planets,

Obsarvation of nomets by thz ppectroscops hee wonderfully
irgcrsan=d our nowledge of tiem. The first succesasful ap-
pliceticn of thig inatrumert was mede by Donetl 1n I8s4,. He
afniited the 1izit of a comet throuzlht Lils 4rainof prisms, and
found {t, tius snelyzed, 1o consist of three Lright bands -
yellow, zreen, and blue -separated by wide, dark intervels,
Tile implied tiat comets 414 not siiins wiolly by refleoted

eunlight ze previcuely coneidered, but thet they were partly

seif-luminous, e condition due to glowing gas. This ges
wap dstermined by Hugrinz in I80E, On compering the speo—

trum of & gomet in thet year wit:: that of en olefiant-gas vaou-
um tubs rendered luminoun by eleotriocity, e found tha agree-
ment sxect, And 1t hee zince bvasn abundently confirmed.

All tha eightes=n com=te bhetwean 1898 and 1880 ghowed the typ-
icel hydrecarbon spocirun comzon to the viole group of these

eonpounde, btut probkadbly due to the prgssnes of acetylene.

VYomes and Hasselbsrg, on experimenting wilth tubes con-
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taining e mixture of carbonic oxide with olsfiant gas found
that their 1ilumination by disruptive electric discharge wes,
however, &n indispensable condition for the exhibition of the
gometary type of epeotrum; for whsn & contimuous aurrent wes
employed, the gerbonic oxide bands asserted themselves to the
axolusion of the Iydrocarbons. This distinetion has great
gignificence as regards the nature of comets. For 1t indicat-
es, first, that combinations of carbon with oxygen as well as
with hydrogen, are present; while it affords, segondly, & ori-
terion as to the quality of tiie elsciriosl processes by whioh
.thelr constituent vaporse are rendered luminous. or partic-
ular interest in this connection is the faot that oarbonic-
oxide iz one of the gases envolved by metsoric stones and
irons under stresg of heat. It must, then, spparently,hava
formed part of an asriform maes in whloh they were immersed
at en sarlier stage of their history.

The gaseous surroundings of ocomets are thus largely made
up eof a compound of hydrogen with earbon. Other materials

are also present, but the hydro-carbond element is probably
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always present and predominant. I1te luminosity, there is
1ittle doubt, is due partly to electrical excitement, and
partly to reflected sunlight,

Thus far, astronomers have on thelr lists about six hun-
ired and fifty comets., And about four hundred of these were
reoorded previous to I300, before the invention of the telesoope
end thersfore must have beesn bright enough to attraoct the at-
tantion of the naksd eye. Since that time, the mmber
anmually observed hias very greetly inoreased, for only & few
of these-bodies, perhap: one in five are viocible without telc-
scopic aid., The total mumber muet be enormous,

Some of the most wonderful comets are: Halley's, of 1835,
which returns again in IOII; Encke's, of I8I9, which hes the
shortest known time of wevolution, only three and one-half
Years, Donati's, of IBGEE, which is perhaps the finest of tha
present century,and the great comet of 1882, which will always
ba remembered, not only for ita beauty, but for the great va-

riety of unusual phenomena it presented.
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Towvards the end of August 1832, a comet became visible to
the naked eye high up in the northern hemisphere, with & mucle-
us equaling in brightness the lesser stars of the Big Dipper
gnd a feeble tail of 20* in length. It thus ococupied quite
¢ segondary position among the members of its class, But it
wag, nevertheless, a splendid objeot in compsrison with tele-
socoplio nebulosity discovered by Tempel in December 1886.
This, the sole comest of IE88, slpped past perihellion, Jeamary
11, without pomp of train or other appendeges, and might have
seesmed hardly wort: the trouble of pursuing. Fortunately,
however, this wes not the view entertained by observers and
computers, since upon the knowledge acquired of the movements
of these two bodies, hes been founded one of the most signif-
icant discoveries of modern times, The first of them is
now styled the comet of the August meteors, the second, that
of the lovember meteors. The steps by whioh this ourious
conneotion ceme to be ascerteined were many, and were teken
in succescdon by a mmber of individusls,

or shootl gtars, a8 we cell them- and there
i8 no graafeé.lﬂ‘arenee .




except in size-are muoh more common than gomets, But

hov little one ie likely to ihizk of their marvelous his-

tory, when one sees thelr fiery streaks, Many perhaps

consider them etars traveling through epace at an enormous

rate, The 1dea prevalent in ths las$ century was that thej

were mere serial ignes fatui, inflemmeble vepors acolident-
theories

8lly kindled in the stmosphere. Nelther of these however

is the real truth,

Helley hed already entertained the opinion of their
cosmical origin. And Chladni in 1704 formally broached
the theory that space is filled with mimute circulating
atoms, which drawn by the earth's attrsotion, and ignited
by friction &f ite gaseocus envelope, produce the luminous
effect so frequently witnessed. Adting on these sugges-
iahe, Benantss Boaseibers Degan v detesmine: e HS1ANE
of felling sters by simultenecus observations et different
Plages. They soon found that these stars move with veloc-

ities comparabe with that of the sarth, in the most ele-

veted reglong of our stmosphere.




Meny high suthoritiee declared the origin of meteorites

t0 be in metter erupted from the volcanoes of the moonbui
thought on the subjeot was turbid, and inquiry secmed to
stir up the mud of ignorance. It nesded one of thése a-
mazing spactacles, at which men assists- not now as former-
ly in abject terror for his own frail fortunes, tut with
keen curiosity, and vivid expectation of new knowledge to
bring about a elarification.

On the night of lovember 12-13, 1833, a tempest of
falling sters broke over the earth. Hortih Amerioce bore
the brunt of 1ts pelting. From the Culf of Mexico to
Felifax, until deylight with some diffioultu put an end to
ths display, the sky was scored in every direotion with
ghining tracks and illuminated with majestio fireballs.
Their numbers, while the first fury of thelir coming lasted
ware quite beyond counting, and at Boston, their Crequency
wae estimated to be sbout helf that of flskes of snow in

an average snow storm.

How there was one very remarkable feature ocommon to
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them, end thet was, thet they all seemed to come from the
seme part of the sky. Traced baokward their paths were
invariebly flound to converge to a point in the constella-
tion Leo. loreover, that péint travelled with the stars
in their nightly round. 1In other words, it was entirely
independent of the earth in the latter's rotation. it
wee 2 point in interplenetary spage.

The aeffected perception of thie faot amounted to a
discovery by Olmsted. He showed that the emanation from
2 fixed "redient* proved the approsclh of meteors to the
eerth along nearly parallel iines, appearing to diverge by
an affeot of perspective, and that those parallel lines
miet be sections of orbito descoribed by them round the sun
and intersecting the orbit of the arth. TFor the November
phenomandn was now seen to be o periodical one.

The falling stars of Wovember 4id not slone attract
the attention of the learned. gimllor appearances were

associeted with August 10th. Aceoond meteoric revolving
system was shown to exist. Adolf Eymen of Berlin main-



tained theat these no longer revolved in & gloud but in a
closed ring, end thus the mere oliroumstances of intersection
by & meteorio, of the terrestriel orbit, without any coin-
cidence of peried, would mccount for the earth's meeting
some members of the cystem at each anmial passage through
the node. Thie vase an important step in adeance, yeil 1t
deoided nothinz as to the forms of the orbits of éuoch ring
1ike esembleges, nor wae 1t followed up in any direction
for a quarter of a oentury.

Professor Herbert A. Hewton, of Yale College, took
up ths dropped thread of inquisy. A search through old
recorde carried the November phenomenon beck to the year
902 A,D. long distinguished as "the ysar of the stars®,
From that time resurresnces were tracsd down through mub-—
sequent centuries, always with a day's delay in about sev=-
enty years, whioh was afterwards proved to be due to per-
tarbation. It was easy to derive from these dates a oyole

of thirty-three and one fourth years, so that Newton dig ¥




10.
hesitate to Prediot the sxhibition of an umsually strik-
ing meteorio spectzcle on November 13-14, 1882, and 1890,
He 2lso found thet conspioucue recurrenges every thirty-
thres or thirty-four years could be explsined on the suppo-
sltion of five widely different periods of revelution a-
round the sun, And Professor Adams's great mathamatical
resources determined the trus one to be that of thirty-
threc and twenty-seven hundredths years, and an ellipse
gpanning the wast pulf between the orbitz of the earth and
Uramig; the group being so extended as to ooccupy six or
eight years in defiling past the sgene of terresirial en-
counters. But before it was ocompleted in Mayrch, 1887, the
subject had assumed a new aspect and importance,

Professor Nekton's prediction of a remarkeblde star
shower in November 1868 was punotuslly fulfilled. This
brought the study of shooting stars onoe more vividly to
the notlce of astroncmers.

Sohlaparelll had, indeed, besn already attracted by
if. The results of his studies were, in the firet place,
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the conclusion that metecrs possest a real veloolty con—
siderably greater than that of the sarth, and travel, ac-
eordingly, to enormous distances from the sun along tracks
resembling those of comets, He next inferred thet comets
end meteors alixe have an origin foreign to the solar eys-
tem, but ere drvm into it temporerily by the sun's ettrac-
tion, and ocosslionally fixed in it by the bagkward pull

of some planet. But the crovning and the most astonishing
faot was that the August méteors move in the sams orbit
with the bright somet of 1882,

This discovery ves qulekly oapped by others of the
socme kind, Leverrier publiched Jamuery 21st, 1867, ele~
ments for the lovember owarm, at once identified by Dr
Peters with Oppolzer's elements of Temple's comet of 1338.
Professor Weiss pointed to the sgreement between the orbitis
of & comet whioh had appeared in 18681 and of s ster shower
found to recur on April 20th, a8 well se between those of

Bisla's gomet and certain aconspicucus meteors of Hovember

28th. The view that meteoritss are the dust of desceying
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dusceverpof Rl
oomets was put to 2 definite proof Ly this

On its vioit in 1843, something unprecedented happened.
When first seen on Hovember 26th, 1t presented its normmal
gppearance; but on Decembenm 18th, 1t had become rather
pear-shaped, and ten days Jater, had divided, These twin
comete traveled slong aide by eide for more than four
monthe et en elmost unverying distence; ut on thelr return
this distance had greatly inoreased, Feither of them has
ever been seen sinoce, although thay ought to'have raturned
five times. But on the night of November 2Vih, 1872, just
as the eartih was passing the old track of the lost comets,
ghe encountered & wonderful meteoric shower;, and it beocame
evident that Biela's comet was shedding over us the pulver-
ized producte of its disintezretion.

But these instanges do not seem to be exceptional,
The mmber of known or suspected acocordances of cometary

tracks with meteor streams, amounte to seventy-six; al-

though the four first detected still remain, perhaps, the




13
only sabsolutely oure exemples.

The temuoue metter composing comets'teils is, there-
fore'no doubt permanently lost to the body from whieh 1t
emanated, And Olbers originated the idea that this matter
was subject to elsatrieal repulsion both by the micleus of
the comet and the sun, as well as to the gravitatiocbel at-
traction of the sun. This accounts for the position and
maghiltude of tie taill on different dates, and with the ad-
dition of the solar tidal influense, also accounts for the
fregments revolving independently in perallel orbitis, et
first as a swarm; finelly, vwhen time has been given fbr tie
full effectf of the lsgeging of the elower moving perticles
to develop, as & closed ring, from which are derived the
gramiles whose swift passapge seam our skies with perloedic

fires,

(epracl §a N5
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